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Research article

ON ASSESSING IMPACTS EXERTED BY OBJECTS OF ACCUMULATED
ENVIRONMENTAL DAMAGE ON HUMAN HEALTH AND LIFE EXPECTANCY

N.V. Zaitseva', L.V. May', S.V. Kleyn', D.A. Kiryanov', A.M. Andrishunas’,
N.N. Sliusarz, E.V. Maksimoval, M.R. Kamaltdinov'

'Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya
Str., Perm, 6140045, Russian Federation
Perm National Research Polytechnic University, 29 Komsomolsky Ave., Perm, 614990, Russian Federation

This research work is topical since there are a lot of objects of accumulated environmental damage (AED) in the Russian
Federation and the task to eliminate them is fixed in the country legislation. These objects are typically brownfields, abandoned
industrial building or constructions, abandoned waste disposal landfills etc. In accordance with the “ General cleaning” Fed-
eral project we have developed methodical approaches to assessing impacts exerted by AED objects on human health and life
expectancy. The aim of the methodology is to spot out priority objects which are to be eliminated as soon as possible.

Fuzzy set theory is chosen as a basic method. A unified set of indicators (40 and more) has been developed for each
type of AED aobjects; this set allows assessing how hazardous an object is for population health. The indicators are combined
into several conditional groups: overall profile; climatic and spatial characteristics; geological and hydrological properties
of a territory; indicators related to quality of the environment in a zone influenced by a specific object. We have used scales
to grade a health hazard taking into account weight contributions made by specific indicators and a group of them to the
total risk of health disorders. Impacts are assessed allowing for types and severity of potential functional disorders of criti-
cal organs and systems in the human body under exposure to contamination.

We suggest an algorithm and techniques for calculating risks of negative impacts. A scale with risk ranges (from 0 to 1)
allows determining several risk rates including “low” , “moderate”, “ average”, “ high” and “ extremely high” risk. An AED
object isassigned into a risk category which corresponds to the maximum value of the member ship function.

Impacts exerted by objects assigned into “ high” and “ extremely high” risk categories are to be assessed more pro-
foundly and assessment should involve specific medical and biological examinations.

The methodol ogy was tested successfully. The results proved that the selected approaches were relevant and that it was
extremely important to collect complete and actual initial data of environment quality in zones influenced by AED objects.

© Zaitseva N.V., May L.V., Kleyn S.V., Kiryanov D.A., Andrishunas A.M., Sliusar N.N., Maksimova E.V., Kamalt-
dinov M.R., 2022
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On assessing impacts exerted by objects of accumulated environmental damage on human health ...

In 2022 approximately 192 objects are to be assessed; the express-evaluation is to be accomplished by experts of the
Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing. As per the evaluation results, all
AED objects are to be ranked and those creating the highest health risks are to be detected. The latter are to be eliminated
immediately and complete profound assessment is to be performed at them.

Key words: “ General cleaning” Federal project, objects of accumulated environmental damage, population health,

exposure assessment, algorithm and methodol ogy.

Long-term, variable and not always envi-
ronmentally friendly anthropogenic activities
have created a lot of objects which are located
both on natural and highly urbanized areas.
Some of them are no longer used but they still
pollute the environment. In Russia these ob-
jects are called “objects of accumulated envi-
ronmental damage” (AED objects) and are
typically represented by brownfields; aban-
doned waste disposal landfills, industrial
buildings or constructions; agricultural chemi-
cals which haven’t been utilized; semi-finished
products or package which hasn’t been sal-
vaged etc. [1-3]. The problem exists practi-
cally in all developed countries and each of
them creates its own system of legal and or-
ganizational solutions [4, 5]. There are some
basic concepts accepted by states which have
accumulated considerable experience in liqui-
dating environmental damage created by past
activities (Denmarkl, the Netherlandsz, Great
Britain, etc. 4):

— making those who are responsible for
occurrence of AED objects provide finance
for their elimination; making the state bear all
the costs in case those at fault can’t be found,
are not solvent, or the limitation period has
expired;

—making regional authorities bear the
primary responsibility for discovering and
eliminating such objects; in this case regional

authorities have the right to issue their own
legal documents in the sphere which take pe-
culiarities of a given territory into account;

— making rehabilitation of certain territo-
ries the top priority; usually, the top priority
is assigned to territories with their influence
on the environment and human health causing
the greatest concern. Other objects can re-
main sealed (but not eliminated) for a long
period of time;

— mandatory examinations of a land spot
aimed at detecting any hazardous chemicals
when there are changes in its legal status or
functional purpose;

— creating and keeping publicly avail-
able information resources (web-sites, regis-
ters, etc.) with comprehensive data on envi-
ronmental conditions existing on a given ter-
ritory.

In the Russian Federation, such legal con-
cepts as “accumulated environmental damage”
and “an object of accumulated environmental
damage” were first introduced by the Federal
Law issued on July 3, 2016 No. 254-FZ°. Ac-
cording to it, objects of accumulated environ-
mental damage included “ territories and wa-
ter areas where environmental damage has
been detected which occurred as a result of
past economic and other activities; obligations
to eliminate this damage haven't been fulfilled,
partially or completely”. The Federal Law

! Environmental Liability Directive Guidelines. Environmental Protection Agency, Agency for Spatial and Environmental
Planning, 2012. Available at: https:/ec.europa.eu/environment/legal/liability/pdf/eld_guidance/denmark.pdf (December 31, 2021).

2 Guidelines for Part 17.2 of the Dutch Environmental Management Act: measures in the event of environmental dam-
age or its imminent threat. The Netherlands, 2008. Available at: https://ec.europa.eu/environment/legal/liability/pdf/eld

guidance/netherlands.pdf (December 31, 2021).

3 The Environmental Damage (Prevention and Remediation) Regulations 2009. Guidance for England and Wales. Depart-
ment for Environment, Food and Rural Affairs (Defra), 2009. Available at: https://webarchive.nationalarchives.gov.uk/ukgwa/
20130402151656/http://archive.defra.gov.uk/environment/policy/liability/pdf/indepth-guide-regs09.pdf (December 31, 2021).

* The Environmental Liability (Prevention and Remediation) Regulations (Northern Ireland) 2009. Department of Envi-
ronment for Northern Ireland (DOENI), 2009. Available at: https://www.legislation.gov.uk/nisr/2009/252/regulation/1/made

(December 31, 2021).

> O vnesenii izmenenii v otdel'nye zakonodatel'nye akty Rossiiskoi Federatsii: Federal'nyi zakon ot 03.07.2016 Ne 254-FZ
[On making alterations into certain legal acts of the Russian Federation: The Federal Law issued on July 3, 2016 No. 254-FZ].
KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW_ 200513/ (January 24, 2022) (in Russian).
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“On environmental protection™ was added a
chapter (XIV.1) which regulated issues related
to discovering, evaluating, accounting and
eliminating accumulated environmental dam-
age (AED).

The law stipulates that objects of accumu-
lated environmental damage should be as-
signed into certain categories and priority ones
are to be spotted out, “the aim being to sub-
stantiate the order in which objects of accumu-
lated environmental damage are to be elimi-
nated and emergency measures are to be
taken” (item 6 in Clause 80.1 of the Federal
Law No. 7-FZ). There are seven specific indi-
cators which determine a category an object
should be assigned into. Two of them should
directly describe population exposure: “a
number of people living on a territory where
the environment is under negative influence
due to an object of accumulated environmental
damage” and " a number of people living on a
territory where there are environmental
threats due to an object of accumulated envi-
ronmental damage” . Unfortunately, at present
there are no unambiguous criteria to clearly
identify “territories under negative influence
by AED objects” or “territories where there
are threats of such influence”. We haven’t
been able to find them in any regulatory or
methodical document, including the Order by
the RF Ministry of the Natural Resources and
the Environment issued on August 04, 2017
No. 435 “The criteria for determining a cate-
gory of objects of accumulated environmental
damage elimination of which is the top prior-
ity””. Accordingly, it is extremely difficult to
estimate how many people are directly ex-
posed or threatened to be exposed by an AED

object. It is also rather difficult to assess expo-
sure essence and intensity.

But at the same time it is extremely vital
to produce objective assessments regarding
these issues. Most AED objects are located in
close proximity to settlements (cities, urban
settlements, or villages) since they were ini-
tially located either close to places where
there were certain economic activities (indus-
trial wastes disposal landfills, abandoned in-
dustrial sites, buildings and constructions,
etc.) or places where people lived (tips and
landfills for communal wastes disposal). Such
objects often create chemical, biological, or
radiation hazards for human health and can
cause medical and demographic losses which
are not taken into account in environmental
criteria [6-8].

The “General cleaning” Federal project
stipulates developing methodical guidelines
on assessing risks of exposure to objects of
accumulated environmental damage and their
impacts on human health and life expec-
tancy®. The purpose of the document is to
create instruments for spotting out objects
which can potentially exert the most consid-
erable negative impacts on human health. The
document doesn’t cancel any environmental
criteria; instead, it gives an opportunity to
take into account certain aspects related to
exposure to objects of accumulated environ-
mental damage which have similar impor-
tance. These aspects are impacts on human
health and life expectancy.

Our research goal was to develop and
test methodical approaches stipulated by the
federal legislation which made it possible to
assess influence exerted by objects of accumu-

®0b okhrane okruzhayushchei sredy: Federal'nyi zakon ot 10.01.2002 Ne 7-FZ (poslednyaya redaktsiya) [On environ-
mental protection: The Federal Law issued on January 10, 2002 No. 7-FZ (the last edition)]. KonsultantPlus. Available at:
http://www.consultant.ru/document/cons_doc LAW 34823/ (January 24, 2022) (in Russian).

" Ob utverzhdenii kriteriev i sroka kategorirovaniya ob"ektov, nakoplennyi vred okruzhayushchei srede na kotorykh

podlezhit likvidatsii v pervoocherednom poryadke: Prikaz Ministerstva prirodnykh resursov i ekologii Rossiiskoi Federatsii
ot 04.08.2017 Ne 435 [On Approval of the criteria and the term categorizing objects of accumulated environmental damage
elimination of which is the top priority: The Order by the RF Ministry of Natural Resources and the Environment issued on
August 4, 2017 No. 435]. KODEKS: electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/456089663 (January 24, 2022) (in Russian).

8 Pasport federal'nogo proekta «General'naya uborka» [The profile of the “General cleaning” Federal project]. The RF
Government. Available at: http://static.government.ru/media/files/DoFhF6zbajiSmAKgkefAjTssLoyUOyS.pdf (February 08,
2022) (in Russian).
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lated environmental damage on human health
and life expectancy.

Materials and methods. When develop-
ing these approaches, we took into account sub-
stantial experience accumulated in examining
polluted, cluttered and other territories and ob-
jects which are considered to be “AED ob-
jects”. We bore in mind that, when describing
threats and hazards caused by objects of accu-
mulated environmental damage, many experts
stressed out the necessity to take into account
the whole range of chemical ambient air pollu-
tion [9, 10], chemical and microbial contamina-
tion of soils [11-14] and surface water objects
[15-17]. Some research works focused on sig-
nificance of soil filtration parameters in soil
profiles since they enabled correct predictive
and analytical evaluation of pollution spread
beyond landfills where liquid and semi-liquid
wastes were accumulated and stored, including
sludge accumulators [18, 19]. Recently, there
have been a lot of discussions regarding threats
and hazards imposed by objects of accumulated
environmental damage in the Arctic zone
[20-22]. It is also vital to give some attention to
radiation safety of AED objects [23-25] etc.

As a result, we developed our methodol-
ogy with an effort to create as a comprehen-
sive list of indicators as possible trying to take
into account all relevant ones which could de-
scribe influence exerted by an AED object on
the environmental quality and human health.

We considered the fuzzy set theory (fuzzy
logic theory) to be a relevant methodical basis
for assessing impacts exerted by AED objects
on human health and life expectancy [26].
Fuzzy logic methods are generally described in
the standard’ which was developed taking into
account international approaches to risk man-
agement and risk assessment technologies. The
reason we selected this method was that fuzzy
sets modeling makes it possible to include

both quantitative and qualitative variables into
analysis, operates with fuzzy initial data with
an opportunity to rapidly create models (in-
cluding scenarios) of complicated dynamic
situations and to perform comparative assess-
ments with preset precision [27, 28].

To assess impacts exerted by each indica-
tor on human health, we used scales to grade a
health hazard taking into account weight con-
tributions made by specific indicators and a
group of indicators as a whole (component
risks of a specific indicator and a group as a
whole) and the aggregated risk of health disor-
ders and shorter life expectancy for people
who permanently live in a zone influenced by
an AED object.

Impacts were assessed allowing for types
and severity of potential functional disorders of
critical organs and systems in the body under
exposure to pollution created by a specific AED
object. Critical organs and systems were de-
fined in accordance with the methodical docu-
ments issued by the Federal Service for Surveil-
lance over Consumer Rights Protection and
Human Wellbeing'®. Severity of health disor-
ders was determined based on data provided by
the WHO and other relevant sources [29].

When developing the methodology, we
took into account that AED objects were di-
vided into several large groups (types) accord-
ing to the Federal Law:

— territories where AED objects have been
discovered;

— water areas where AED objects have
been discovered;

— capital construction objects which are
AED sources;

— wastes disposal landfills.

To assess exposure as correct as possible,
we divided wastes disposal landfills into those
where solid wastes were stored and those with
liquid wastes.

? State Standard GOST R 58771-2019. Risk management. Risk assessment technologies (approved and introduced by the
Order of the Federal Agency on Technical Regulation and Metrology issued on December 17, 2019 No. 1405-st). KODEKS
electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200170253 (February 08,

2022) (in Russian).

' Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh veshchestv, zagryaznya-
yushchikh okruzhayushchuyu sredu [Human Health Risk Assessment from Environmental Chemicals]. Moscow, The Federal
Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 143 p. (in Russian).
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Our methodical approaches involve two-
stage assessment of impacts exerted by objects
of accumulated environmental damage on hu-
man health and life expectancy:

— express evaluation that involves assess-
ing impacts exerted on population using docu-
ments, results produced by single and/or sam-
ple measurements of the environmental qual-
ity, or general medical statistics;

— complete profound assessment that in-
volves targeted examinations of population
health under exposure to an AED object, pecu-
liarities of exerted impacts taken into account.

Express evaluation was considered to be
a procedure aimed at calculating comparative
profiles for objects of different types, capac-
ity, duration of existence, and with different
impacts exerted on the environment and hu-
man health. Another purpose was to rank
AED objects as per their potential impacts on
human health and life expectancy in order to
spot out objects which should be eliminated
immediately, their elimination being the top
priority.

Complete profound assessment involved
verifying negative exposure levels calculated
by express evaluation; accumulating evidence-
based data on the actual medical and demo-
graphic losses over the period of an AED exis-
tence; and assessing actual effects, including
economic ones, achieved due to elimination of
an AED object in a post-project period (after
an AED objects has been eliminated).

We suggested an algorithm to determine
priorities as per population exposures which
included the following steps:

— collecting as many data on an AED ob-
ject as it is only possible;

—express evaluation of impacts exerted
by an AED object on human health and life
expectancy and calculating a value to describe
risks of negative health outcomes;

—ranking objects as per risks of negative
outcomes;

— spotting out objects belonging to catego-
ries of “high” and “extremely high” health risks.

Basic results. We developed a unified set
of indicators (40 and more) to make a profile
of each AED object highlighting peculiar in-

fluence exerted by it on environmental objects
and how hazardous it was for human health.

The indicators were combined into several
conditional groups:

— general profile of an AED object (dura-
tion of existence, a square of an AED object,
volume/mass of accumulated wastes or a num-
ber of abandoned buildings and/or construc-
tions, availability of an owner, location of an
object in a permafrost area, how cluttered an
area is around an AED object, etc.);

— climatic profile of a territory where an
AED object is located (climate, frequency of
winds blowing towards residential areas, pre-
cipitations, etc.);

— spatial characteristics of an AED object
with respect to residential areas and places
used by population (a distance to the closest
settlement; a number of people who perma-
nently live in a zone influenced by an AED
object; existing sanitary protection zones;
a distance to the closest water source; location
of an AED objects regarding sanitary protec-
tion zones drinking water sources etc.);

— geological and hydrological parameters
of a territory (subsoil types; how deep under-
ground waters are located; existing waterproof-
ing screens, dikes, derivation canals, etc.);

— quality of environmental objects in a
zone influenced by an AED object (chemical,
microbiological, and radiation indicators of
ambient air quality, natural and drinking water
quality, quality of soils and agricultural prod-
ucts grown in a zone influence by an AED ob-
ject). This group also includes people’s com-
plaints about quality of environmental objects
in a zone influenced by an AED object.

Negative effects produced by AED objects
on human health are assessed as per the unified
algorithm taking into account the whole set of
potential threats and hazards which are typical
for a given object. As a result, we obtain unified
risk indicators which describe this negative in-
fluence on human health and life expectancy.
These indicators make it possible to compare
different AED objects and assign them into a
specific risk category:

— 1% category (negligibly low risk of ex-
posure);
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— 2" category (low risk);

— 3" category (average risk);

— 4" category (high risk);

— 5" category (extremely high risk).

It is standard practice that if an object is
assigned into high or extremely high risk cate-
gory as per results produced by express
evaluation, then it is advisable to perform
complete profound assessment together with
analyzing exposed population’s health and
creating an evidence base proving that health
risks have actually been realized.

Express evaluation of impacts exerted by
an AED object on human health and life ex-
pectancy relies on general profiles of AED ob-
jects, data on quality of the environment in a
zone influenced by an AED object, and medi-
cal statistics about health of people who per-
manently live in a zone influenced by an AED
object. Each relevant indicator is evaluated
with interval values (ranges) and then assigned
into a specific range on the scale with preset
risk rates (negligibly low, low, moderate, high,
and extremely high).

We suggest considering a zone influenced
by an object of accumulated environmental
damage as a territory (water area) described
with a conditional boundary. This boundary is
located at a distance equal to at least a twofold
size of a sanitary protection zone of an object
or up to 1 km downstream away from the
boundary of a land spot an AED object is lo-
cated on. Capital buildings or constructions for

which sanitary protection zones are not stipu-
lated in the sanitary classification are assigned
into the 5™ hazard category. The boundary of
an influenced zone is considered to be located
100 meters away from the boundaries of a land
spot where such an object is located.

Table 1 provides an example (a fragment)
of an initial matrix applied to assess risks cre-
ated by an object of accumulated environ-
mental damage from the “solid wastes” group.

As we can see in the Table 1, quantitative
indicators are given with a range of values
which is divided into ranges with fuzzy
boundaries. A number of such ranges is equal
to a number of hazard categories. Using fuzzy
sets involves a 20 % intersection of two
neighboring ranges.

Each range of values for each quantitative
indicator is a trapezoid fuzzy number with the
membership function within a certain risk
category which is given with four numbers (a;,
&, a3, a&4). Generally the membership function
for a value of an indicator is given as per the
following formula (1):

0, if x<a,
X—-a, .
, if a <x<a,
Q-8
n(x)=41, if a, <x<a,, (1)
X—a, .
, if a,<x<a,,
a,—aq, > ’
0, if x> a,.
Table 1

The list of indicators describing hazards caused by waste disposal landfills (solid chemical wastes)
which are a source of accumulated environmental damage, hazard ranges provided: a fragment

Unit An AED object hazard category
Indicator of measure- | Negligibly Low Average High Extrs:mely
ment low high
General profile of an AED object
Duration of existence years [ ‘{8’ i?;] (40; 30] (305 20] (20; 10] (10; 2]
Wastes mass / Wastes volume thousand tons [0; 50) (50; 250] | (250;500] [ (500; 1000] | (1000; +0)
Square of an object hectares [0; 0,1] (0,1; 1] (1; 100] | (100;500] | (500; +o0)
A share of wastes from the 1°-3" o ] ] ] . )
hazard category % (0; 10] (10; 25] (25; 40] (40; 50] (50; +0)
gi‘lsare of biologically degradable o, [0: 10] (10: 30] (30: 60] (60: 80] (80: 100]
Carcinogenic and/or embryotoxic B o o o o
chemicals Y Y Y
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Table 1 (continued)

Unit An AED object hazard category
Indicator of measure- | Negligibly Low Average High Extr;mely
ment low high
Untreated medical wastes — no no no no yes
Wastes hazard category — [5] [4; 5] [3; 5] [2; 5] [1;5]
Climatic profile of a territory where an AED object is located
Permafrost - no no no yes yes
Climatic zone zone moderate | moderate | moderate | subtropical arctlc,.
subarctic
Precipitations mm/year [0; 800] | (800; 10007 |(1000; 1500]{(1500; 2000]| (2000; +o0)
Effg;gg;ﬁ;fgézgs blowing towards % [0; 5] (5;10] | (10;20] | (20;40] | (40;+o0)
Probability and scales of emergencies — no no no yes yes
Location in a zone where hazardous
- no no no yes yes

natural phenomena can occur

Spatial characteristics of an

AED object with respect to residential areas and places used by population

A distance to the closest settlement m (2000; +o0) [(1000; 2000]] (500; 1000] | [500; 0) 0
A number of people living in the thousand ) ) ) ) )
closets settlement people [0; 1] (15 3] (3; 30] (50;100] | (100; +o0)
A distance to the closest water object m (1000; +o0) | [1000; 800] | (800; 500] | (500;300] | [0;300]
Location of an AED object regarding Bevond Bevond Inthe 3 | Inthe2™ | Inthe 1"
sanitary protection zones around - S}II’Z S}I;Z subzone subzone subzone
water sources of SPZ of SPZ of the SPZ
. . (300; —0) /
A distance from an AED object to a m (1500; +0) | (1500; 1000]| (1000; 700] | (700;300] |(300; within
recreation zone/resort such a zone)
A distance to agricultural lands m (1000; +0) | (500; 1000] | (300;500] | [300; 0) [0)
Incidence rates among population in
the closest settlement against re- times [1] (1;1.2] (1.2; 1.5] (1.5; 2] (2; +o0)
gional ones
A number of people living in a zone Thousand
which can potentially be polluted in ) [0; 1] (1; 10] (10; 40] (40; 75] (75; +o0)
case of emergency peopie
Geological and hydrological parameters of a territory
Subsoil filtration coefficient m/sec 1.0-10° | 1.010° | 10107 | 1.0-10° | 1.0-10°
Depth of underground water oc-
o e m [5; +0) [4] 3] [152] [0; 1)
Quality of environmental objects
Ambient air quality in a zone influ- ) ) )
enced by an AED object * Sha(r)‘;ST"SfEl\gPC [0; 0.5MPC] (ol.i/[hgg]c, (2%? CC] %\l\g g] (SMPC; +o0)
(as per certain indicators)
People’s complaints about ambient .
- leuali y P quantity/year [0] [0] [1;5) (5;10) | (10;+o0)
Drinking water quality in the closest | measurement [0; (BORI; (BOR2; (BOR3; (BOR4: +<0)
settlements units BOR17]** BOR?2] BOR3] BOR4] ’
People’s complaints about drinkin .
Watepr quality p € | quantity/year [0] [0] [1;5) (5:10) | (10;+00)
. . measurement [0; (BORI; (BOR2; (BOR3; .
Soil quality units BORI]** | BOR2] | BOR3] | BOR4] |BOR%*®)
uality of food products grown ina | measurement ; ; ; ; )
Quality of food prod i [0 (BORI1 (BOR2 (BOR3 (BOR4; o)
zone influenced by an AED object units BORI1]** BOR2] BOR3] BOR4] ’

N o te: * The list of indicators is not ultimate and is determined only by specific features of an object and its
influence on the environment; ** — BOR1, BOR2, BOR3, BOR4 are the upper limits of indicators describing qual-
ity of environmental objects in accordance with their belonging to 5 health risk categories accordingly.
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For example, a value of an indicator is
X = 0.23. If we consider the interval [0.2; 0.4],
then a fuzzy number which corresponds to this
section is equal to (0.16, 0.24, 0.32, 0.48),
where a;=0.2-0.80 =0.16, a, = 0.2-1.2 = 0.24,
a3 =0.40.8=0.32, as= 0.4-1.2 = 0.48 (the in-
terval boundaries were “blurred” by 20 %)).
Since a; < 0.23 < a,, then the membership
function value for the value of an indicator be-
ing x = 0.23, according to the formula (1), is
equal to

u(x) =(0.23-0.16) / (0.24 - 0.16) =
=0.07/0.08 = 0.875

This means that the examined indicator
belongs to the given section by 87.5 %.

The value p(X) describes belonging of a
range for a value of an indicator within a cor-
responding hazard category.

The membership function is given as (2)
for quantitative indicators:

X/ ()} =

={valuel / pl,value2 / p2,value3 / p3,...} @

Weights are fixed for each indicator or a
group of indicators; they are taken into ac-
count when an aggregated risk of negative im-
pacts is calculated. Weights fixed for groups of
indicators are different for different types of
AED objects and take into account their spe-
cific influence on the environment and human
health.

If critical organs and systems are deter-
mined regarding a chemical and, accordingly,
there are established average levels of sever-
ity for a given nosology (within a range from
0 to 1), then a weight is determined as per
Fishburne’s Rule [30] taking into account the
most severe health disorder (3):

G I =2 (n-1+1)) / ((n+1) n), 3)

where

G_| is a weight of an indicator for which
critical organs or systems are determined
(a negative response) holding the I-th rank as
per their severity;

n is a total number of nosologies deter-
mined in the aggregated negative response;

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

| is a rank of a negative response (a noso-
logy) as per its severity.

Initial tables which create a profile of a
specific AED object are filled in based on
available documents (project documentation,
documents in the AED objects register, data
taken from publicly available cadastre maps,
research reports, test reports, expert examina-
tion reports, and other relevant ones).

Values of the membership function (p(X))
of each indicator falling within a certain haz-
ard category are determined in accordance
with preset scaling conditions as per the for-
mulas (1)—(2).

A risk rate is calculated for each group of
indicators as per the formula (4):

R =2 Rw, (4)

k
where

R is a health risk rate caused by the j-th
group of indicators;

W, is average weighted membership of
the j-th group of parameters to the k-th hazard
category;

R, is the middle of a scale range corre-

sponding to the k-th hazard category.
Average weighted membership of a group

of indicators to hazard categories W, is deter-

mined as per the formula (5)

Wy = ZGi (%),

iej

()

where p,(X ) is the membership function of
the i-th indicator within the k-th hazard cate-
gory; G is a weight of the i-th indicator.

Risk scale ranges and their middles are
given in Table 2.

The aggregated risk (R) as per all the
groups of indicators is calculated as per the
following formula (6):

R=>Ryv,
j

where V; is a weight contribution by the j-th

(6)

group of indicators into the aggregated risk.
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A weight contribution made by a group of
indicators into the aggregated health risk is
determined according to the Table 3.

A risk rate of harmful impacts on human
health is used as a basis for AED objects rank-
ing. An object is assigned into a specific risk
category as per its impacts on human health
depending on the membership of the value R
determined for this object within a range given
in Table 1.

Since a risk rate can be on a boundary be-
tween values and belong to two different ranges
simultaneously (for example, R = 0.22 belongs
simultaneously to the “moderate” range and
“low” range), an AED object is ultimately as-
signed into a specific risk category in accor-
dance with the procedure outlined in Table 4.

An AED object is assigned into a risk
category which corresponds to the highest
value of the membership function.

Table 2
Ranges on the risk rates scale and their mean values
Indicator Health risk categories
Low Moderate Average High Extremely high
Range (R, ) (0;0.25] (0.15; 0.45] (0.35; 0.65] (0.55; 0.85] (0.75; 1.0]
Mean value in range ( I:’k ) 0.125 0.3 0.5 0.7 0.875
Table 3
Weights for groups of indicators describing different types of AED objects
. . . . | Capital build-
Groups of indicators | Solid wastes .quuld .chermcal Liquid organic ings and con- | Territories | Water areas
industrial wastes wastes .
structions
General profile 0.1 0.1 0.1 0.15 0.1 0.1
Climatic profile 0.1 0.1 0.1 0.1 0.1 0.1
Spatial characteristics 0.3 0.3 0.3 0.3 0.3 0.4
Geological and hydro- 0.15 0.25 0.2 0.35 0.15 0
logical parameters
Quality of environmental | - 55 0.25 03 0.1 035 0.4
objects
Table 4
A scale with ranges of rates and health risk categories
A range of health The membership function for a risk rate falling within a specific Health risk
risk rates range on the scale category
R 1, if 0<R<0.15,
[00.25] b 10 0.25-R), if 0.15<R<025 Low
1—10 0.25- R if 0.15<R<0.25,
(0.15; 0.45] it 025<R<0.35, Moderate
10 0.45- R if 0.35<R<045
1- 10 0.45- R if 0.35<R<045,
(0.35; 0.65] if 045<R<0.55, Average
10 0.65— R if 0.55<R<0.65
1- 10 0.65 - R if 0.55<R<0.65,
(0.55; 0.85] if 0.65<R<0.75, High
10 0 85— R if 0.75<R<0.85
075 1 1- 085 R if 0.75<R<0.85, E Iv hich
[075; 11 ai if 0.85<R<I xtremely hig
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Table 5

Results produced by express evaluation of several objects of accumulated environmental

damage; the evaluation was accomplished when methodical approaches were being tested

8 | 2= El
An object of accumulated 5= = E5 | S ¥ | 2E D 8 % g % 3
. g O E &) < Sb'—‘ E = < g M — %0 ~e
environmental damage S 5 = I~ a9 | oS58 @ ~ & e
) O = n 8 =39 5| 3.870 = < <
< 8 > o = © o~
CEERGES 5
Sludge accumulator of a former Extremel
chemical plant located within a 0.21 0.11 0.15 0.06 0.33 0.86 emety
high
settlement
Sludge landfill in a city 0.09 0.15 0.11 0.17 0.02 0.54 | Average 2
Sl GOl v 008 | 0.14 | 008 | 002 | 019 | 051 | Average 3
close to an urban settlement
Inert industrial wastes landfillat | o o5 | o174 | 010 | 001 | 005 | 035 | Average | 4
a boundary of a settlement
Solid communal wastes dump
beyond a boundary of a rural 0.06 0.14 0.02 0.01 0.02 0.25 | Moderate 5
settlement
Apstred Bl UEenta | gey | gge | @l 001 | 001 | 0.12 | Low 6
boundary of a rural settlement

We assessed probable effects such as
changes in life expectancy of people who per-
manently lived in a zone influenced by a long
existing AED object. The assessment was
based on relationships determined by epidemi-
ological studies [31, 32].

A probable change in life expectancy is
assessed for a specific AED object with an es-
tablished risk rate of harmful impacts on
health as per the following formula (7):

ALE = R-K, (7)

where

ALE is a probable decrease in average
life expectancy (LE) due to impacts exerted on
health by an AED object;

R is the aggregated health risk calculated
taking all the groups of indicators into ac-
count;

K is the coefficient showing actual risk
realization as a change in life expectancy cal-
culated on the basis of analyzing relevant sci-
entific literature; K = 1.6.

Assessment of impacts exerted by AED
objects on human health and life expectancy
gives grounds for ranking them in order to de-
termine priority ones which should be elimi-
nated immediately.

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

Table 5 provides the results produced by
tentative express evaluation of several AED
objects with initial data on them being avail-
able to us at the moment we were developing
our methodical approaches.

These results, according to expert esti-
mates, provide relevant evaluation of the ex-
amined objects. But at the same time, when
testing our methodical approaches, we re-
vealed that initial data had certain drawbacks.
One of them was that there were very few or
even almost no indicators which described
quality of the environmental objects. Given
that, we can set a priority task which has to be
tackled by Rospotrebnadzor’s authorities and
institutions which are responsible for per-
forming express evaluation of AED objects.
This task is to accomplish comprehensive
analysis of historical data on abandoned ob-
jects or to perform instrumental research of
ambient air quality, quality of natural and
drinking water, and quality of soils, primarily,
agricultural ones, in a zone influenced by an
AED object.

If an AED object is assigned into high or
extremely high risk category as per results pro-
duced by express evaluation, then complete
profound assessment is to be performed at it
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with the focus on its impacts on human health
and life expectancy.

By now substantial experience has been
accumulated in Russia in performing specific
studies with their focus on determining health
risks caused by exposure to harmful environ-
mental sources and factors [33-35].

An adverse impact which is a health dis-
order among people from risk groups living in
a zone exposed to an AED object is proven by
target studies focusing on human health. These
studies can concentrate both on organs and
systems determined as critical ones for certain
exposure and on etiopathogenetic mechanisms
of harmful effects developing under aggre-
gated exposure.

Complete profound assessment gives a
possibility to describe a degree and a scale of
actual aggregated influence exerted by an
AED object on human health and life expec-
tancy. Health studies provide the maximum
objectivity in assessing health damage, reduce
social tension and help develop and implement
recommendations on medical and preventive
activities aimed at protecting people’s health
until an AED object is eliminated completely.

The suggested mathematical apparatus is
implemented as a software set of instruments
for automated risk calculation after all the ini-
tial data have been input.

These methodical approaches are to be
tested in this year. As it is stated in the profile
of the “General cleaning” Federal project (item
1.4.)%, express evaluation is to be performed at
approximately 192 AED objects by experts of
the federal Service for Surveillance over Con-
sumer Rights Protection and Human Wellbe-
ing. The evaluation is to be based on data
taken from external sources as well as results
produced by studies, examinations, and in-
strumental measurements performed by the
Service itself.

All the examined objects of the accumu-
lated environmental damage are to be ranked
according to the results produced by the ac-
complished express evaluation and those
which create the highest risks for human
health are to be spotted out. These objects
should be eliminated immediately, their elimi-
nation being the top priority. Profound medical
examinations will be recommended for people
living in zones influenced by some AED ob-
jects which create high and extremely high
health risks.
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HYGIENIC ASSESSMENT OF CARCINOGENIC HEALTH RISKS ASSOCIATED
WITH CONTAMINATION OF DEPOSITING MEDIA WITH HEAVY METALS

V.M. Boev, L.V. Zelenina, L.H. Kudusova, E.A. Kryazheva, D.O. Zelenin
The Orenburg State Medical University, 6 Sovetskaya Str., Orenburg, 460000, Russian Federation

In nature there are depositing media which are relatively stable macrosystems. Their contamination that occurs due to
long-term exposure to contaminants influences population health and this is especially vital for urbanized territories with
large city-forming enterprises.

Our research goal was to perform hygienic assessment of carcinogenic risks for population health under exposure to
heavy metals contained in depositing media.

We analyzed long-term data on contents of heavy metals in such accumulating media as soils and foods collected in
2005-2018. The data were taken from the reports on social and hygienic monitoring and statistical reports provided by the
Orenburg Regional Office of the Federal State Statistics Service. Carcinogenic risks were assessed in accordance with the
Guide R 2.1.10.1920-04. We used data provided by the territorial section of the National Cancer Registry to analyze preva-
lence of oncologic diseases of the digestive organs. We performed correlation analysis to examine correlations between the
analyzed factors.

The total carcinogenic risk under multi-route introduction of heavy metals from such depositing media as soils and foods
has turned out to be unacceptable and amounts to 1.5E-04. The total population carcinogenic risk caused by exposure to heavy
metals can reach 85 additional cases of malignant neoplasms over an averaged exposure period which is equal to 70 years.

Heavy metals were detected in soils, nickel, cadmium, and chromium VI included, that produced statistically authentic
effects on occurrence of malignant neoplasms in the digestive organs.

We established an authentic correlation between devel oping malignant neoplasms in the digestive organs and concen-
trations of arsenic in foods.

We didn’t detect any heavy metals with carcinogenic properties in such accumulating media as soils and foods in con-
centrations deviating from hygienic standards. But still, it doesn’t mean there is no negative influence on population health,
notably long-term effects and devel oping malignant neoplasms

Key words: soil contamination, foods, heavy metals, carcinogens, morbidity, carcinogenic risk assessment, malignant
neoplasms of the digestive organs.

There are two principally different media ing one that gives a clear picture of processes
existing as ecosystems: a transitory one (the that are extended over time and space (soils,
dynamically changing atmosphere and hydro- rocks, vegetative and animal biological sub-
sphere being the right example) and a deposit- strates etc.) [1-4]. Contamination of soils as
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well as vegetable and animal foods with heavy
metals results from long-term accumulation of
xenobiotics on environmentally unfavorable
territories. Ecological condition of accumulat-
ing media deteriorates in large cities due to
intensive population growth, developing ore
mining and oil and gas extraction, unsanc-
tioned deposition of solid wastes and discharge
of liquid ones, uncontrollable use of agro-
chemicals, and ambient air pollution with in-
dustrial emissions and exhaust gases [5—10].

Soil is an open system in urban land-
scapes; it has tight connections with ambient
air and the hydrosphere and reflects anthropo-
genic loads on transitory media as it accumu-
lates and transforms technogenic contaminants
[11-14].

According to data provided by the Rospot-
rebnadzor Regional Office in Orenburg region,
a share of soils samples that deviates from hy-
gienic standards as per sanitary-chemical pa-
rameters amounts to 1-3 %. The most unfavor-
able ecological situation in the country is cur-
rently in Arkhangelsk and Amur regions.
Heavy metals that contaminate soils exert their
influence on population both by direct contacts
with soil and by toxicants being introduced
through media combined with it, including am-
bient air, water in water sources, and foods.
Therefore, it seems necessary to take into ac-
count multiple possible routes of xenobiotics
introduction into the body [15-17].

Environmental contamination with heavy
metals makes for their migration along food
chains and accumulation in foods thus making
a substantial contribution to chemical loads on
population health. As it was shown in previous
research performed in Arkhangelsk region and

Buryatia, foods, as a rule, conformed to hygi-
enic requirements but still there was no guar-
antee that health risks were completely absent
even if standards as per heavy metal contents
were not violated [9, 18-21].

Together with chemization of soils and
foods, there is a persistent trend for growing
incidence of diseases of barrier systems in the
body including malignant neoplasms in the
digestive organs [22-24]. Stomach, colon, and
rectum tumors occupy a significant place in
the structure of oncologic morbidity and their
prevalence tends to grow [25, 26].

Therefore, it seems vital to assess con-
tamination of depositing media with heavy
metals which have carcinogenic properties and
produce negative effects on health, especially
given the fact that there is no threshold level of
exposure for these chemicals and long-term
effects can’t be excluded.

Our research goal was to perform hygi-
enic assessment of carcinogenic risks for popu-
lation health under exposure to heavy metals
contained in depositing media.

Materials and methods. We performed
hygienic assessment aimed at determining
heavy metals contents in soils (nickel, cad-
mium, chromium, cobalt, and lead) and foods
(lead, arsenic, and cadmium). We took data
collected over a long-term period of social and
hygienic monitoring in Orenburg, data from
statistical reports issued by the Orenburg Re-
gional Office of the Federal State Statistics
Service and from state reports “On sanitary-
epidemiological welfare of the population in
Orenburg region” issued in 2005-2018'.

According to the Sanitary Rules and Norms
SanPiN 2.1.3684-217 contents of chemicals that

' O sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Orenburgskoi oblasti: Gosudarstvennye dok-

lady (za 20052018 gg.) [On sanitary-epidemiological welfare of the population in Orenburg region: State reports (issued in
2005-2018)]. Orenburg Regional office of the Federal Service for Surveillance over Consumer Rights Protection and Human
Wellbeing. Available at: http://56.rospotrebnadzor.ru/gosdoklady (July 11, 2021) (in Russian).

2 SanPiN 2.1.3684-21. Sanitarno-epidemiologicheskie trebovaniya k soderzhaniyu territorii gorodskikh i sel'skikh pose-
lenii, k vodnym ob"ektam, pit'evoi vode i pit'evomu vodosnabzheniyu, atmosfernomu vozdukhu, pochvam, zhilym
pomeshcheniyam, ekspluatatsii proizvodstvennykh, obshchestvennykh pomeshchenii, organizatsii i provedeniyu sanitarno-
protivoepidemicheskikh (profilakticheskikh) meropriyatii: utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha
RF ot 28 yanvarya 2021 g. Ne 3 [SanPiN 2.1.3684-21. Sanitary-epidemiologic requirements to maintenance of territories in
urban and rural settlements, to water objects, drinking water and public water supply, ambient air, soils, living spaces, exploita-
tion of industrial and public premises, organization and ¢ implementation of sanitary and anti-epidemic (prevention) activities:
approved by the RF Chief Sanitary Inspector on January 28, 2021, Order No.3]. KODEKS: an electronic fund for legal and
reference documentation. Available at: https://docs.cntd.ru/document/573536177 (September 14, 2021) (in Russian).
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are potentially hazardous for people should not
exceed hygienic standards established for soils.
Therefore, we analyzed chemical contamination
of soils as per contents of heavy metals in their
mobile and gross forms (more than 3780 sam-
ples) according to SanPiN 1.2.3685-21° in four
administrative districts in Orenburg (Tsentralniy,
Leniskiy, Dzerzhinskiy, and Promyshlenniy).

Total soil contamination (Zc) was deter-
mined according to the Methodical guidelines
MU 2.1.7.730-999%,

Quality of foods, both produced locally and
brought from other regions, was analyzed accord-
ing to the Customs Union Technical Regulations
(TR CU) 021/2011° (more than 1728 samples).

Carcinogenic health risks were assessed as
per the Guide R 2.1.10.1920-04° and the Me-
thodical guidelines MU 2.3.7.2519-09". Retro-
spective epidemiological analysis focused on
cancer incidence of the digestive organs and
was performed using data provided by the terri-
torial section of the National Cancer Register.

2005-2018 and distributed as per aforemen-
tioned administrative districts in Orenburg.

We used Spearman’s rank correlation to
determine cause-effect relations between the
analyzed indicators. Correlation coefficient
within 0.1 < R < 0.3 meant a correlation was
weak; within 0.3 < R < 0.5, moderate; within
0.5 <R<0.7, average.

The data were statistically analyzed using
Statistica 10 and MS Excel for Windows.

Results and discussion. Soil is a primary
accumulating medium in any route toxicants
migrate along. Given that, we performed hygi-
enic assessment of heavy metals contents in
soils in residential areas with the focus being
on metals assigned into Group 1 carcinogens
by the International Agency for Research on
Cancer (nickel, cadmium and chromium (VI))
and Group 2A carcinogens (cobalt and lead).
The assessment was performed in four admin-
istrative districts in Orenburg. We didn’t de-
tect any soil samples with carcinogens con-

We took data on cancer incidence collected in tents deviating from hygienic standards. We

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 RF ot 28 yanvarya
2021 g. Ne 2 [SanPiN 1.2.3685-21. Hygienic standards and requirements to providing safety and (or) harmlessness of the envi-
ronmental factors for the population: approved by the Order of the RF Chief Sanitary Inspector on January 28, 2021 No. 2].
KODEKS an electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/573500115
(September 14, 2021) (in Russian).

4 MU 2.1.7.730-999. 2.1.7. Pochva, ochistka naselennykh mest, bytovye i promyshlennye otkhody, sanitarnaya okhrana
pochvy: utv. i vved. v deistvie Glavnym gosudarstvennym sanitarnym vrachom RF 5 fevralya 1999 g. [MU 2.1.7.730-999. 2.1.7.
Soils, purification in settlements, communal and industrial wastes, sanitary protection of soils: approved by the Order of the RF
Chief Sanitary Inspector on February 5, 1999]. KODEKS: an electronic fund for legal and reference documentation. Available
at: https://docs.cntd.ru/document/1200003852 (September 16, 2021) (in Russian).

STR TS 021/2011. O bezopasnosti pishchevoi produktsii (s izmen. na 14 iyulya 2021 g.): utv. resheniem Komissii Ta-
mozhennogo soyuza ot 9 dekabrya 2011 g. Ne 880 [TR CU 021/2011. On food safety (last amended on July 14, 2021): approved
by the decisions of the Customs Union Commission on December 9, 2011 No. 880]. GARANT: information and legal portal.
Available at: http://docs.cntd.ru/document/902320560 (July 13, 2021) (in Russian).

8 R 2.1.10.1920-04. 2.1.9. Sostoyanie zdorov'ya naseleniya v svyazi s sostoyaniem okruzhayushchei prirodnoi sredy i
usloviyami prozhivaniya naseleniya. Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh
veshchestv, zagryaznyayushchikh okruzhayushchuyu sredu: utv. i vved. v deistvie Pervym zamestitelem Ministra zdravook-
hraneniya RF, Glavnym gosudarstvennym sanitarnym vrachom RF G.G. Onishchenko 5 marta 2004 g. [R 2.1.10.1920-04.
2.1.9. Population health with respect to the environment and living conditions. Human health risk assessment form environ-
mental chemicals: approved on by G.G. Onishchenko, the First Deputy to the RF Public Healthcare Minister and the RF
Chief Sanitary Inspector, on March 5, 2004]. KODEKS: an electronic fund for legal and reference documentation. Available
at: https://docs.cntd.ru/document/1200037399 (June 20, 2021) (in Russian).

MU 2.3.7.2519-09. 2.3.7. Sostoyanie zdorov'ya naseleniya v svyazi s sostoyaniem pitaniya. Opredelenie ekspozitsii i ot-
senka riska vozdeistviya khimicheskikh kontaminantov pishchevykh produktov na naselenie: utv. Rukovoditelem Federal'noi
sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosudarstvennym sanitarnym vra-
chom RF G.G. Onishchenko 5 iyunya 2009 g. [MU 2.3.7.2519-09. 2.3.7. Population health with respect to food quality. Deter-
mination of exposure and assessment of risks caused by population exposure to chemical contaminants in foods: approved by
G.G. Onishchenko, the head of the Federal Service for Surveillance over Consumer Rights protection and Human Wellbeing and
the RF Chief Sanitary Inspector, on June 5, 2009]. KODEKS: an electronic fund for legal and reference documentation. Avail-
able at: https://docs.cntd.ru/document/1200080418 (July 23, 2021) (in Russian).
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also established there were no statistically au-
thentic differences between the districts re-
garding contents of heavy metals in their mo-
bile and gross forms (Table 1).

The total soil contamination (Zc) turned
out to be “permissible” in all four districts and
in the city as a whole (Zc¢ < 16).

Carcinogenic health risks caused by expo-
sure to chemical contamination in soils were
calculated taking into account inhalation, oral,
and skin introduction for mobile forms of
heavy metals which take active part in the bio-
logical turnover (Table 2).

We comparatively assessed the total car-
cinogenic risks (SUM CRs) taking into account
all ways of introduction and established that the
indicator was the highest for people living in
Dzerzhniskiy district (3.01E-08); the second
place was taken by Leninskiy district (2.84E-08);
the third, Promyshlenniy (2.45E-08); and the
fourth, Tsentralniy (2.30E-08). The total carcino-
genic risks caused by exposure to heavy metals

in soils didn’t differ authentically in all four
districts and were assessed as negligible.

We detected some differences between
different territories in share contributions
made by different heavy metals to the total
carcinogenic risk. This is due to industrial
enterprises being located in different parts of
the city (Figure 1). Chromium (VI) makes
the highest contribution to the total carcino-
genic risk in all four districts, but primarily
in Dzerzhinskiy with 76 % and Promyshlen-
niy with 71 %. The highest contribution
made by lead was established in Leninskiy
and Tsentralniy districts, 34 % and 28 % re-
spectively. Cadmium, cobalt and nickel
make similar contributions to SUM CRs in
all four districts.

Oral exposure to toxicants is among prior-
ity ones; given that it is seems vital to estimate
the chemical structure of another accumulating
medium, notably foods, and to specifically
identify carcinogens in them.

Table 1

Contents of heavy metals in soils (mg/kg) and their shares of MPC (maximum permissible
concentrations) in four administrative districts and the city as a whole

Metals . . Administrgtive .districts . .
Tsentralniy Leninskiy | Dzrzhinskiy | Promyshlenniy | City
Mobile forms
NiM+m 2.29+0.28 2.43+0.46 1.97£0.19 2.19+022 2224029
Ni MPC share 0.57 0.61 0.49 0.55 0.56
PbM+m 1.48+0.27 2.07+0.84 1.01+£0.33 1.07£0.26 1.41+0.42
Pb MPC share 0.25 0.34 0.17 0.18 0.23
CdM+m 0.06 £0.02 0.06 +0.03 0.06 +£0.01 0.04 £0.01 0.05+0.01
Cd MPC share -* - - - -
CoM+m 0.49+0.19 0.27+0.14 0.30+0.13 0.28 £0.09 0.34+0.10
Co MPC share 0.1 0.05 0.06 0.06 0.07
CrM+m 026+0.12 0.36+0.13 0.51+0.13 0.39+0.14 0.31+0.09
Cr MPC share 0.04 0.06 0.08 0.06 0.05
Gross forms
NiM+m 63.39 £ 8.66 5440 +6.38 54.57+£9.90 61.8+6.26 59.25+7.80
Ni MPC share 0.79 0.68 0.68 0.77 0.74
PbM+m 20.53 £8.33 14.38 £4.28 14.97 £2.45 11.7+2.89 15.79 +4.49
Pb MPC share 0.16 0.11 0.12 0.09 0.12
CdM+m 0.11+0.03 0.08 + 0.04 0.05£0.02 0.08 £ 0.04 0.07+0.03
Cd MPC share 0.05 0.04 0.02 0.04 0.04
CoM+m 426+1.5 4.43 £0.87 6.12+1.23 3.32+0.88 443+£1.12
Co MPC share 0.17 0.18 0.24 0.13 0.18
CrM+m 72.85+12.53 88.60 +10.33 77.20 £9.97 76.94 +4.18 76.97 +£9.25
Cr MPC share 0.73 0.89 0.77 0.077 0.77

N o te: * means MPC hasn’t been established for a mobile form.
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Table 2

Individual and total carcinogenic risks caused by exposure to chemical contamination of soils
in four administrative districts and the city as a whole

Carcinogenic Administrative districts
risks* Tsentralniy Leninskiy Dzrzhinskiy Promyshlenniy City
Ni CRsi 1.66E-10 1.82E-10 1.48E-10 1.64E-10 1.65E-10
Ni CRso 0 0 0 0 0
Ni CRsd 0 0 0 0 0
Ni CRs 1.66E-10 1.82E-10 1.48E-10 1.64E-10 1.65E-10
Pb CRsi 5.26E-12 7.731E-12 3.78E-12 4.00E-12 5.19E-12
Pb CRso 4.32E-09 6.34E-09 3.10E-09 3.28E-09 4.26E-09
Pb CRsd 2.21E-09 3.26E-09 1.59E-09 1.68E-09 2.19E-09
Pb CRs 6.53E-09 9.61E-09 4.70E-09 4.97E-09 6.45E-09
Cd CRsi 3.06E-11 3.11E-11 3.13E-11 2.42E-11 2.93E-11
Cd CRso 1.35E-09 1.38E-09 1.38E-09 1.07E-09 1.30E-09
Cd CRsd 6.95E-10 7.06E-10 7.10E-10 5.50E-10 6.65E-10
Cd CRs 2.08E-09 2.11E-09 2.13E-09 1.65E-09 1.99E-09
Co CRsi 2.98E-10 2.35E-10 2.63E-10 2.46E-10 2.60E-10
Co CRso 0 0 0 0 0
Co CRsd 0 0 0 0 0
Co CRs 2.98E-10 2.35E-10 2.63E-10 2.46E-10 2.60E-10
Cr CRsi 1.15E-09 1.35E-09 1.89E-09 1.44E-09 1.46E-09
Cr CRso 8.47E-09 9.87E-09 1.38E-08 1.06E-08 1.07E-08
Cr CRsd 4.34E-09 5.06E-09 7.10E-09 5.43E-09 5.49E-09
CrCRs 1.40E-08 1.63E-08 2.28E-08 1.75E-08 1.76E-08
SUM CRs 2.30E-08 2.84E-08 3.01E-08 2.45E-08 2.65E-08
Rank 4 2 1 3 -

Note: * CR means an individual additional carcinogenic risk; indexes: S is inhalation exposure to contami-
nants in soils; SO is oral exposure; sd is skin exposure; SUM CRs is the total carcinogenic risks caused by exposure

to chemicals in soils.

Tsentralniy 9
Leninskiy 7
Dzerzhinskiy 7
Promyshlenniy 7
0% 20% 40% 60% 80% 100%
WCr mCo mCd mNi mPb

Figure 1. Contributions by priority carcinogens in
soils into the total individual carcinogenic risk in
all four districts (%)

Average annual contents of heavy metals
in foods determined both as a median value
and 90-th percentile conform to the require-
ments fixed in the TR CU 021/2011° regarding
all the analyzed indicators (Table 3).

We ranked basic foods as per contribu-
tions made by specific carcinogens to the
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overall exposure and established that the lead-
ing rank places belonged to the following met-
als: cadmium in milk and milk products
(34.8 %), flour-and-cereals, bakery (30.9 %),
fruits and vegetables (25.9 %); lead in milk
and milk products (35.3 %), fruits and vegeta-
bles (27.4 %); arsenic in fish (37.4 %).

To estimate contributions made by car-
cinogens in foods to risks of developing on-
cologic diseases, we calculated individual car-
cinogenic risks (Table 4).

The total carcinogenic risk caused by ex-
posure to heavy metals in foods, calculated as
per a median, conformed to the maximum
permissible level; it turned out to be unac-
ceptable for the population when calculated
as per 90-th percentile. The greatest specific
weight in the total carcinogenic risk belonged
to arsenic (Figure 2).

The total individual carcinogenic risk
caused by chemicals in soils and in foods is

21




V.M. Boev, L.V. Zelenina, L.H. Kudusova, E.A. Kryazheva, D.O. Zelenin

Table 3
Contents of carcinogenic metals in foods (mg/kg)
Foods Indicators Cadmium Lead Arsenic

M+m 0.01189 +0.0021 0.00612 +0.00032 0.00577 +0.00042
Flour-and-cereals, -
bakery median 0.01 0.01 0.01

90 % 0.014 0.01 0.01

M+m 0.00597 +0.00081 0.00649 + 0.00084 0.00746 + 0.0026
Fruits and vegetables median 0.01 0.01 0

90 % 0.01 0.01 0.01

M+m 0.00065 + 0.00028 0.00313 +0.00134 0.00103 + 0.00055
Oils and fats median 0 0 0

90 % 0 0.0082 0

M+m 0.00282 + 0.00032 0.00456 +0.00125 0.00282 +0.00031
Meat and meat products median 0 0 0

90 % 0.01 0.01 0.01

. . M+m 0.00528 +0.00034 0.0055 £+ 0.00041 0.00524 +0.00034

Milk and milk -
products median 0.01 0.01 0.01

90 % 0.01 0.01 0.01

M+m 0.0084 + 0.00177 0.02858 +0.00675 0.09766 +0.01823
Fish median 0 0.01 0.024

90 % 0.022 0.07 0.256

Table 4 equal to 1.5E-04 (90-th percentile) in the city

Individual carcinogenic risks caused by heavy
metals introduced with foods

Metal SFo ICRf med | ICRf90 %
Cadmium 0.38 1.6E-05 2.0E-05
Lead 0.047 2.0E-06 2.7E-06
Arsenic 1.5 4.8E-05 1.3E-04
SUM CRf" — 6.5E-05 1.5E-04
PCR™™ — 36 85

Note: * means a slope factor for oral introduc-
tion; ** means individual carcinogenic risks caused by
exposure to chemicals in foods; *** means the total
carcinogenic risk caused by exposure to chemicals in
foods; **** means the population carcinogenic risk.

ACadmium @Lead @QArsenic

Figure 2. The structure of the total carcinogenic
risk caused by exposure to carcinogens in foods
taken as per 90-th percentile (%)
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as a whole and this level is unacceptable. The
total population carcinogenic risk taken as per
the 90-th percentile amounted to 85 additional
cancer cases among people living in Orenburg
in addition to the background oncologic mor-
bidity under 70-year exposure.

The gastrointestinal tract is the primary
barrier between the body and effects pro-
duced by heavy metals in depositing media,
such as soils and foods. We established that
malignant neoplasms (MNs) of the digestive
organs had a substantial specific weight in
oncologic morbidity in Orenburg, from 24 %
to 28 % depending on a district. Retrospective
analysis showed a statistically significant
growth in the incidence of MNs of the diges-
tive organs over the examined period from
2008 to 2018 (p < 0.05) (Figure 3).

We ranked the incidence of MNs of the
digestive organs as per four districts and estab-
lished that the first rank place belonged to
Leninskiy district; the second, Dzerzhinkiy;
the third, Promyshlenniy; and the fourth, Tsen-
tralniy. The incidence was authentically higher
in Leninskiy and Dzerzhinskiy than on average
in Orenburg (p < 0.05).

Calculated Spearman’s rank correlation
coefficients (R) allowed differentiating car-
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cinogenic metals in soils and foods influenc-
ing MNs of the digestive organs. The inci-
dence of MNs of the digestive organs has a
direct statistically significant correlation with
nickel concentration in soil (mobile form)
(R=10.33 for the MN of the esophagus;
R=0.35 for stomach cancer); cadmium
(gross form) (R = 0.5 for the MN of the co-
lon); chromium (R = 0.55 for the MN of the

rectum; R= 0.53 for the MN of the gall blad-
der and extrahepatic bile ducts; R = 0.5 for
the MN of the pancreas). We established a
statistically authentic correlation between ma-
lignant neoplasms of the liver and intra-
hepatic bile ducts, gall bladder and extra-
hepatic bile ducts, and the pancreas and con-
centrations of arsenic in foods (R = 0.71,
R=0.63 and R= 0.45 respectively).

]
o
o
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\

thousand people)
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(=}
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[}

The incidence of MNs of the digestive
organs in four districts (per 100

mmm Dzerzhinsliy

Leninskiy === Promyshlenniy === Tsentralniy

E

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

City

Figure 3. The incidence of malignant neoplasms of digestive organs taken in dynamics
(per 100 thousand people) in different districts in Orenburg from 2008 to 2018

Table 5

Correlation coefficients for correlations between the incidence of the MNs of the digestive
organs and carcinogenic chemicals in soils and foods

Localization Carcinogens Spearman’s correlation coefficient R
Soil
MN:ss of the esophagus Nickel (mobile) 0.33*
MN:ss of the stomach Nickel (mobile) 0.35*
MN:ss of the stomach Cobalt (gross) 0.51
MN:ss of the stomach Chromium (gross) 0.8
MN:s of the colon Cadmium (gross) 0.5*
MN:s of the rectum Chromium (gross) 0.55*
MN:ss of the liver and intrahepatic bile ducts Chromium (gross) 0.41
MN:ss of the gall bladder and extrahepatic bile ducts Chromium (mobile) 0.53*
MN:ss of the pancreas Chromium (mobile) 0.5
Foods
MN:s of the colon Cadmium 0.31
MN:s of the stomach Lead 0.32
MN:ss of the liver and intrahepatic bile ducts Arsenic 0.71%
MN:ss of the gall bladder and extrahepatic bile ducts Arsenic 0.63*
MN:ss of the pancreas Arsenic 0.45*

N o te: * means the statistical significance is taken at p < 0.05.
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Conclusions. The total carcinogenic risk
under multi-route exposure to heavy metals in
such depositing media as soils and foods is un-
acceptable and amounts to 1.5E-04. The total
population carcinogenic risk caused by expo-
sure to heavy metals can reach 85 additional
cancer cases over an average exposure period
of 70 years.

We have detected carcinogenic heavy
metals in soils that produce statistically au-
thentic effects on developing MNs of the di-
gestive organs: nickel (mobile form), MNs of
the esophagus and stomach; cadmium (gross
form), MNs of the colon; chromium VI (both
mobile and gross form) MNs of the gall blad-
der, extrahepatic bile ducts, and the pancreas.

We established a statistically authentic
correlation between arsenic concentrations

in foods and malignant neoplasms of the
liver and intrahepatic bile ducts, gall blad-
der and extrahepatic bile ducts, and the pan-
creas (R=0.71, R=0.63 and R = 0.45 re-
spectively).

Therefore, even if contents of carcino-
genic heavy metals do not violate hygienic
standards in such accumulating media as soils
and foods, it doesn’t completely eliminate
probable negative influence on health includ-
ing long-term effects and developing malig-
nant neoplasms.
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ASSESSMENT OF CARCINOGENIC RISK CAUSED BY ELEVATED
3,4-BENZ(A)PYRENE CONCENTRATION IN SOILS IN AN INDUSTRIAL CITY

L.A. Deryabkinal, B.I1. Marchenkoz, K.S. Tarasenko’

'Center for Hygiene and Epidemiology in Rostov Region, Taganrog Office, 16a Bol'shoi Ave., Taganrog, 347930,
Russian Federation
*Southern Federal University, 105/42 Bol'shaya Sadovaya Str., Rostov-on-Don, 344006, Russian Federation

Apparent destructive changes in soils typically occur in residential areas within urbanized ecological systems formed
in large industrial cities. Elevated concentrations of super-toxicants and xenobiotics in soils, polycyclic aromatic hydrocar-
bons included, create high potential health risks for city population.

Our research goal was to assess the carcinogenic risk caused by elevated 3,4-benz(a)pyrene concentrationsin soilsin Taganrog,
an indugtrial city with its population being about 250 thousand people located in Rostov region. The assessment included individual
and population risks. There are two basic reasons which make the research vital. First of all, 3,4-benz(@)pyrene contents in soils in
residential areas exceed hygienic sandards. Secondly, the incidence of malignant neoplasms has been gably high in the city.

We analyzed the results of determining 3,4-benz(a)pyrene concentrations in 384 soil samples taken in 2013-2020 at
19 monitoring posts (located within residential areas close to crossroads with intense traffic, recreational zones, and areas
around pre-school children facilities). 3,4-benz(a)pyrene was established to be the priority pollutant in soils in the city with its
share contribution to the complex pollution index (Cgy;) being 55.25 %. 3,4-benz(a)pyrene concentrations were higher than
maximum permissible onesin 65.63 % of all the examined soil samples; its average and maximum concentrations were equal to
2.298 and 45.525 MPC accordingly. We assessed the individual multi-route carcinogenic risk (CR) caused by elevated
3,4-benz(a)pyrene concentrations in soils. The risk turned out to be high (2.4606-10°%) and inhalation introduction was estab-

lished asthe priority one (94.84 %).

Key words: social-hygienic monitoring, health risk, chemical soil pollution, 3,4-benz(a)pyrene, malignant neoplasms,

carcinogenic risk assessment.

Apparent destructive processes occur in
soils in residential areas due to chemical con-
tamination. This situation is typical for most
industrial cities. City landscapes are open sys-
tems which are closely related to the atmos-
phere and hydrosphere. High contents of tech-
nogenic pollutants, xenobiotics included, in
their surface horizons are a highly informative
geochemical indicator showing how signifi-
cantly these landscapes degrade under expo-
sure to anthropogenic technogenic burden.
This indicator should be taken into account
when examining health disorders among urban
population, including studies with their focus
on malignant neoplasms. Concentrations of

© Deryabkina L.A., Marchenko B.I., Tarasenko K.S., 2022

polycyclic aromatic hydrocarbons (polyarenes
or PAHs) are among the most significant indi-
cators included into hygienic and environ-
mental profiles of soils on urbanized territories
since many of such chemicals are highly car-
cinogenic and mutagenic. This creates elevated
health risks for population [1-6]. In the Rus-
sian Federation 3,4-benz(a)pyrene, a chemical
with carcinogenic and mutagenic properties
which belongs to the 1% hazard category, is
often used as the universal indicator and major
marker of environmental contamination with
PAHs which occurs both due to anthropogenic
technogenic sources and natural ones. Organi-
zation of additional control over its concentra-
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tion is considered a vital trend in the develop-
ment of social and hygienic monitoring sys-
tems in large cities [3, 7]. A substantial contri-
bution to PAHs emission is made in cities, to-
gether with industrial sources and power
producing enterprises, by emissions from mo-
tor transport due to incomplete fuel combus-
tion in internal-combustion engines and wear
and tear of tyres and road surfaces [8—16]. No-
vocherkasskaya hydro-recirculation power
plant is the most powerful energy production
in Rostov region and a major source of pol-
yarenes emissions into the environment. This
is confirmed by results of soils monitoring in a
zone influenced by this object since elevated
3.,4-benz(a)pyrene levels were detected in
roots, stems, and leaves of plants growing
there [17]. A substantial contribution to envi-
ronmental pollution is also made by PAHSs
which are intensively produced by stove heat-
ing, especially when coal is used as a fuel as
well as by PAHs coming from various natural
sources [18-24]. Soils are a natural depot for
polyarenes. It is a proven fact that only a part
of hazardous chemicals is directly deposited
on soil surface from ambient air as well as
with precipitations. More than a half of such
chemicals primarily accumulate in plants and
occur in soils when the vegetation period is
over [25, 26]. PAHs absorption from soils
through roots of agricultural plants makes for
their penetration into food chains with agricul-
tural products and the process has an apparent
biomagnification effect. Besides, soils act as
the secondary contamination source for ambi-
ent air and water by accumulating these pol-
lutants quite actively [27]. Therefore, results
produced by monitoring of 3,4-ben(a)pyrene
concentrations in urban soils are highly infor-
mative integral indicators for creating an ob-
jective hygienic and environmental profile of a
territory within social and hygienic monitoring
activities and environmental analytics [28].

We selected Taganrog as our research ob-
ject. The city is a large industrial center lo-
cated in Rostov region; its population is about
250 thousand people. The situation with can-
cer incidence is stably unfavorable in Tagan-
rog [29]. Thus, average long-term frequency
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calculated for all localizations of malignant
neoplasms over the last 15 years is equal to
480.11 °/o00o Which is by 1.25 times higher
than the same indicator calculated for the
whole Rostov region (373.98 °/o000). The city
holds the first rank place in the region as per
this parameter. Average annual growth in
long-term total cancer incidence in Taganrog
amounted to +0.28 % in 2006-2020. These
stable ascending trends in frequency have been
detected for such localizations of malignant
neoplasms as oral cavity and pharynx (average
annual growth in long-term trend is +1.15 %),
rectum (+0.57 %), skin (without melanoma)
(+1.89 %), breast (+1.95 %), uterine neck
(+3.44 %), prostate (+3.95 %), thyroid gland
(+4.42 %), and malignant lymphomas (+1.04 %).
The first rank place among oncologic patholo-
gies belongs to malignant neoplasms of skin
(without melanoma) with their specific weight
being 15.08 %; the second, malignant neo-
plasms of breast (12.50 %); the third, malig-
nant neoplasms of trachea, bronchi and lung
(9.14 %). The next are malignant neoplasms of
colon, prostate, and stomach, 6.84, 6.14 and
6.04 % accordingly. Frequency of malignant
neoplasms taken in long-term dynamics grew
by 2.06 times from 260.35 ®/o000 in 1986 up to
the maximum level registered in 2017 when it
was equal to 535.77 °/4000 (Figure).

Our research goal was to assess an indi-
vidual and population carcinogenic risk caused
by elevated 3,4-benz(a)pyrene concentrations
in soils in residential areas in Taganrog,
Rostov region, based on the results produced
by social and hygienic monitoring activities in
2013-2020.

Material and methods. The research was
based on the results of examining 384 soils
samples which were tested to determine 3,4-
benz(a)pyrene contents in them as well as on
data taken from the report forms No. 35 “Data
on patients with diagnosed malignant neo-
plasms” over 1985-2015 and No. 7 “Data on
malignant neoplasms” over 2016-2020.

Soil samples were taken in 2013-2020 at
19 monitoring points located in residential ar-
eas close to crossroads with intense traffic
(8 points), areas around municipal preschool
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children facilities (8 points), and recreation
zones in Taganrog (3 points) including the
embankment, a park and a beach. Mass 3,4-
benz(a)pyrene concentrations in soils were de-
termined with high performance liquid chro-
matography (HPLC) using “Stayer” stationary
liquid chromatographer with a fluorometer.
When assessing a share contribution made by
3,4-benz(a)pyrene into the total soil con-
tamination, we calculated values of separate
indicators showing contents of the examined
pollutants (in MPC), their concentration co-
efficients taking into account regional back-
ground levels (F), the complex indicator of
soil contamination (Csoj) and the summated
technogenic contamination coefficient (Zc).
Results of the studies accomplished by ex-
perts from the Academy for Biology and
Biotechnology of the D.I. Ivanoskiy’s
Southern Federal University in the “Per-
sianovskaya zapovednaya step” State Soil Re-
serve were taken as regional background levels

of 3,4-benz(a)pyrene contents in common
chernozem in Rostov region. Carcinogenic
risks were assessed in accordance with the
Guide R 2.1.10.1920-04".

We applied our own specialized software
“Turbo oncologist”, version 2.01, to create
databases and to perform their statistical
analysis. The software includes a package
which allows implementing algorithms for
retrospective epidemiological analysis of fre-
quencies, structure, long-term dynamics, and
spatial characteristics based on methods used
for partial and complex assessment of an ac-
tual (epidemiological) risk. We also used
“Turbo Dynamics” software package, version
1.02, (to analyze long-term trends in dynam-
ics, to perform middle-term extrapolation
prediction and modeling, non-linear regres-
sion and correlation analysis); as well as IBM
SPSS Statistics (“Statistical Package for So-
cial Science”) professional statistical soft-
ware, version 19.0.

Figure. Total cancer incidence among population in Taganrog, Rostov region, taken in dynamics
over 1985-2020

'R 2.1.10.1920-04. Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh veshchestv,
zagryaznyayushchikh okruzhayushchuyu sredu [Human Health Risk Assessment from Environmental Chemicals]. Moscow, The
Federal State Sanitary and Epidemiological Surveillance Center of the RF Public Healthcare Ministry, 2004, 143 p.
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Table 1

Soil contamination with 3,4-benz(a)pyrene in Taganrog, Rostov region, taken in dynamics
over 2013-2020

) Years

Indicators 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2000 | 20132020
A share of samples with concen-
trations higher than MPC. % 729 | 708 | 521 | 625 | 792 | 583 | 66.7 | 625 |65.63+4.78
The highest concentration, mg/kg | 0.3710 | 0.1542 | 0.7610 | 0.9105 | 0.1799 | 0.2170 | 0.0440 | 0.1710 | 0.9105
Contamination indicators 18.550 | 7.710 |38.050 | 45.525 | 8.995 | 10.850 | 2.200 | 8.550 | 45.525
(Imax, MPC)
Average annual concentration 0.0460 +
(Cave. make) 0.0484 | 0.0514 | 0.0471 | 0.0511 | 0.0476 | 0.0510 | 0.0227 | 0.0484 | /s
Average contamination indicator | 455 | 5 570 | 2353 | 2553 | 2.382 | 2.550 | 1136 | 2422 | 2.298
(Iave, MPC)
Con 4312 | 4590 | 4113 | 4535 | 4248 | 4.806 | 3.026 | 4312 | 4.160
A share contribution into Cup, % | 56.17 | 56.00 | 57.20 | 5629 | 56.06 | 53.05 | 37.55 | 56.17 | 5525
The summated technogenic 6.651 | 7.120 | 6496 | 7.117 | 6.890 | 6301 | 6.651 | 6651 | 6.978
contamination coefficient (Zc)

Results. The results of examinations per-
formed in 2013-2020 indicate that soils in Ta-
ganrog are heavily contaminated with 3,4-
benz(a)pyrene, Thus, its concentrations were
higher than MPC (0.02 mg/kg) in 65.63 £4.78 %
of 384 examined soil samples and the average
actual concentration of the pollutant was
0.0460 + 0.0103 mg/kg (2.298 MPC). The
maximum detected 3,4-benz(a)pyrene concen-
tration was 0.9105 mg/kg (45.525 MPC). We
established the priority role played by this pol-
lutant in soil contamination in the city with its
share contribution into Cs, being 55.25 %
(Table 1).

The highest contamination with 3,4-
benz(a)pyrene was detected in residential areas
located close to crossroads with intense traffic
(the first group of monitoring points) where a
specific share of samples with the pollutant
concentrations being higher than MPC
amounted to 71.60 + 5.64 %, over the last eight
years and its average content was 0.0475 +
0.0103 mg/kg (2.376 MPC). The second rank
place as per frequency of concentrations ex-
ceeding MPC belonged to soils in recreation
zones (58.72 = 9.45 %); however, an average

3,4-benz(a)pyrene content turned out to be even
higher there than at monitoring points from the
first group (0.0498 £ 0.0241 mg/kg). The Pri-
morskii city park is a recreation zone with the
extremely high soil contamination with 3,4-
benz(a)pyrene (up to 45.525 MPC); the park is
located in a zone which was once influenced by
emissions from production workshops of
“Taganrogskii harvester plant” PLC and “Kir-
pichnik” PLC, two large industrial enterprises
which are both closed at present. Therefore, soil
contamination as per average 3,4-benz(a)pyrene
contents can be considered “hazardous” in the
first and second monitoring groups according to
the assessment criteria applied in evaluation of
chemical contamination and stipulated by the
Sanitary Rules and Standards SanPiN
2.1.7.1287-03%. The third group of monitoring
points was located on areas around municipal
preschool children facilities. A specific share of
soil samples with 3,4-benz(a)pyrene concentra-
tion exceeding MPC detected there was 36.00 +
19.81 %; the average pollutant content was
0.0176 £ 0.0094 mg/kg (0.882 MPC) and its
maximum content didn’t exceed 3.105 MPC
(Table 2).

2 SanPiN 2.1.7.1287-03. Sanitarno-epidemiologicheskie trebovaniya k kachestvu pochvy: Sanitarno-epidemio-
logicheskie pravila i normativy [The sanitary-epidemiologic requirements to soil quality: Sanitary-Epidemiological Rules
and Standards]. Moscow, The Federal State Sanitary and Epidemiological Surveillance Center of the RF Public Health-

care Ministry, 2004, 16 p.
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Table 2

Soil contamination with 3,4-benz(a)pyrene in Taganrog, Rostov region, detected at different
monitoring points taken in dynamics over 2013-2020

Total at all — Inclpding:
Indicators monitoring Res1f1eqt1a1 areas | Recreation zones Areas arognd
. with intense (embankment, preschool children
points traffic park) facilities
A number of taken soil samples 384 250 109 25
A share of samples with concentrations
higher than MPC (%) 65.6+4.8 71.6£5.6 58.7+9.5 36.0+£19.8
Average concentration 0.0460+0.0103| 0.0475+0.0103 | 0.0498+0.0241 | 0.0176+0.0094
(Cave, mg/kg)
Contamination indicator as per average
concentration 2.298 2.376 2.492 0.882
(Iave, MPC)
Lower confidence limit of average con- 0.0357 0.0372 0.0256 0.0082
centration (p < 0.05) ) ) ) )
Upper confidence limit of average con-
centration (p < 0.05) 0.0563 0.0579 0.0740 0.0270
Minimal concentration (Cmin, mg/kg) 0.0026 0.0038 0.0026 0.0040
Contamination indicator as per minimal
concentration 0.130 0.190 0.130 0.200
(Imin, MPC)
Maximum concentration (Cmax, mg/kg) 0.9105 0.7610 0.9105 0.0621
Contamination indicator as per maxi-
mum concentration (Imax, MPC) 45.525 38.050 45.525 3.105

We should note that a significant part of
residential areas in Taganrog is private hous-
ing with land spots near houses where people
grow agricultural products (vegetables, fruits,
berries, etc.) and there is a high probability
that soils there are heavily contaminated with
3,4-benz(a)pyrene, Given that, it is truly vital
to assess carcinogenic risks associated with
chemical contamination of soils in the city
when social and hygienic monitoring is per-
formed.

We assessed carcinogenic risks associated
with elevated 3,4-benz(a)pyrene contents in
city soils as per results of laboratory tests per-
formed in 2013-2020. According to recom-
mendation provided in [30-33] a carcinogenic
risk was assessed taking into account substan-
tiated maximum exposures calculated on the
basis of upper 95 % confidence limits of aver-
age 3,4-benz(a)pyrene concentrations.

Individual multi-route carcinogenic risk
rates (CR) were calculated within an exposure
scenario of a typical residential area as the
sums of carcinogenic risk rates caused by ex-
posure to 3,4-benz(a)pyrene contents in soils
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at monitoring points taking into account oral
(CRo), inhalation (CRi1) and dermal (CRd) in-
troduction into the body.

When calculating an individual carcino-
genic risk caused by oral 3.,4-benz(a)pyrene
introduction from soils (CRo), we took a slope
factor (SFo) value equal to 7.3 (mg/(kg-day))fl.
CRo values calculated for separate calendar
years within the examined period varied from
2.8312:10° to 6.4046-10°, and the average
long-term CRo rate calculated on the basis of
the upper confidence limit (p<0.05) of
the average 3,4-benz(a)pyrene concentration
turned out to be equal to 7.2075-10> (Table 3).

Therefore, CRo falls within the second
range of lifetime individual risk (maximum
permissible risk or the upper limit of accept-
able risk). This makes the constant control of it
essential. The share contribution made by CRo
to the structure of the individual multi-route
carcinogenic risk (CR) is equal to 2.93 %. The
lifetime population carcinogenic risk (an addi-
tional to the background absolute number of
malignant neoplasms which can occur during
an average lifetime of a person equal to 70 years
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Table 3

Carcinogenic risk for people living in Taganrog, Rostov region, caused by 3,4-benz(a)pyrene
(3,4-BP) concentrations in soils in 2013-2020

Individual Carcinogenic risk caused by exposure to 3,4-BP in soils
Carcinogenic risk rate mul t;/—rolil to (an exposure scenario of a residential area)
g carcinogenic risk Oral introduction | Inhalation introduction| Dermal introduction
g (CRo) (CRi) (CRd)
Risks as per average concen- 103 s 103 e
trations in 2013-2020 2.0203-10 5.9179-10 1.9161-10 4.4976-10
Risks as per upper confidence
limits of average concentra- 2.4606-10° 7.2075-10°° 2.3337-10° 54777-10°
tions in 2013-2020
(Co/zgcmogemc risk structure 100.00 2.93 94.84 223
Table 4

Population carcinogenic risk taken as per the upper confidence limits of average concentrations
(p<0.05) over 2013-2020

Indicator Total risk |Oral exposure Inhalation Dermal exposure
PCR (PCRo) exposure (PCRi) (PCRA)
Expected number of malignant neoplasms during
the whole lifetime (70 years) calculated 621 18 589 14
per 252,309 people (average city population)
Annual population carcinogenic risk per 100 thou- 3515 0.103 3334 0.078
sand people
Copmbut1()()n made by 3,4-BP in soils to cancer 0.729 0.021 0.692 0.016
incidence (%)
calculated as per the average population num- and its average long-term rage was

ber in Taganrog which is 252,309 people) is
equal to 18 cases under oral introduction of
3.,4-benz(a)pyrene from soils (PCRo). Accord-
ingly, the annual population carcinogenic risk
is equal to 0.103 /4000 per 100 thousand people
and the share contribution made by 3,4-benz(a)-
pyrene in soils to the overall cancer incidence
under oral introduction equals to 0.021 %
(Table 4).

Since there are no data on gastro-intes-
tinal absorptivity (GIABS) for 3,4-benz(a)-
pyrene, its value was taken as equal to 1.0
which means that 100 % of the pollutant
quantity introduced into the body is absorbed
[30, 31]. Therefore, when calculating the in-
dividual carcinogenic risk under dermal intro-
duction, we took the slope factor value (SFd) as
equal to the slope factor value under oral expo-
sure (SFo), that is, 7.3 (mg/(kg-day)) . Rates
of the annual individual carcinogenic risk un-
der dermal exposure (CRd) over the last eight
years varied from 2.1517-107 to 4.8675-107
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5.4777-107 (the second range of the individ-
ual lifetime risk). The specific share of CRd
in the individual multi-route carcinogenic risk
(CR) was equal to 2.23 %. The lifetime popu-
lation carcinogenic risk (PCRd) for popula-
tion in Taganrog equals to 14 cases over
70 years; the annual population carcinogenic
risk per 100 thousand people is 0.078 */o000;
the share contribution made by 3,4-benz(a)-
pyrene in soils to the overall cancer incidence
is 0.016 % under dermal introduction.

When assessing the individual carcino-
genic risk under inhalation exposure to 3.,4-
benz(a)pyrene in soils (CRi), we took a slope
factor (SFi) equal to 3.9 (mg/(kg-day)) .
When calculating its vaporization factor (VF),
we took a value equal to 0.034 Pa-m’/mol as
the value of the Henry’s law constant. We es-
tablished that the annual CRi rates varied from
9.1672:10* to 2.0737-10°; CR rates, from
9.6655-10" to 2.1865-10°. Their average
long-term values were 2.3337-10° and
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2.4606-10 accordingly thus falling within the
fourth risk range (more than 1.0-107). This
means there is De manifestis Risk, which is
unacceptable, both for population in general or
specific occupational groups. Therefore, inha-
lation introduction of 3,4-benz(a)pyrene from
soils is the priority one with the share contri-
bution made by CRi to the individual multi-
route carcinogenic risk (CR) being equal to
94.84 %. The lifetime population carcinogenic
risk for population in Taganrog under inhala-
tion introduction of 3,4-benz(a)pyrene from
soils (PCRi) is equal to 589 cases over
70 years; the lifetime multi-route population
carcinogenic risk (PCR), 621 cases; the annual
population carcinogenic risks per 100 thou-
sand people are equal to 3.334 “/p000 and
3.515 °/o000 accordingly with the share contri-
bution made by 3,4-benz(a)pyrene in soils to
the overall cancer incidence being equal to
0.692 % and 0.729 % accordingly (Table 4).
Therefore, we corroborated that soils in
Taganrog were heavily contaminated with
3,4-benz(a)pyrene and the pollutant created
high carcinogenic risks for the city population.
This chemical has several peculiarities: it tends
to accumulate in soils and to persist there pre-
serving its biological activity for a long period
of time; it is able to create secondary contami-

nation of ambient air and to penetrate into food
chains through roots of agricultural plants; its
carcinogenic and mutagenic effects on the hu-
man body are well-proven. Given that, it is
advisable to include dynamic monitoring of
3,4-benz(a)pyrene concentrations into the list
of mandatory soil examinations within social
and hygienic monitoring activities. There are
some promising trends in developing informa-
tion and analytical support for hygienic as-
sessment of chemical contamination in soils
within the social and hygienic monitoring sys-
tem. They include integration of profile data-
bases into regional geoinformation systems
(GIS) and new software enabling assessment
of risks related to developing carcinogenic ef-
fects caused by chemical contamination in
soils in Rostov region. There are plans to per-
form sampling studies on 3,4-benz(a)pyrene
contents in fruits and vegetables grown on pri-
vate land spots on the territory of Taganrog
provided that such studies are included into the
program of social and hygienic monitoring in
the region.

Funding. The research was not granted any
financial support.

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

References

1. Onishchenko G.G. Khimicheskaya bezopasnost' — vazhneishaya sostavlyayushchaya sanitarno-
epidemiologicheskogo blagopoluchiya naseleniya [Chemical safety is the most important constituent of
the sanitary and epidemiological well-being of population]. Toksikologicheskii vestnik, 2014, no. 1,

pp. 26 (in Russian).

2. Unguryanu T.N., Gudkov A.B., Nikanov A.N. Health risk assessment of soil contaminants for
health of urban population. Profilakticheskaya i klinicheskaya meditsina, 2012, vol. 42, no. 1, pp. 101-105

(in Russian).

3. Kryatov L.A., Tonkopiy N.I., Vodyanova M.A., Ushakova O.V., Doneryan L.G., Evseeva LS.,
Matveeva 1.S., Ushakov D.I. Scientific evidence for hygienic standards harmonized with international
recommendations for priority polluitions of soils. Gigiena i sanitariya, 2015, vol. 94, no. 7, pp. 4248

(in Russian).

4. Unguryanu T.N., Novikov S.M. Approaches to assessing the health risk under exposure to
chemicals with account of age peculiarities. Gigiena i sanitariya, 2012, vol. 91, no. 5, pp. 98-101

(in Russian).

5. Boev V.M., Zelenina L.V., Kryazhev D.A., Tulina L.M., Neplokhov A.A. Analysis on exposure
carcinogenic risk of environmental factors on health largest industrial cities and malignant tumors. ZNiSO,

2016, vol. 279, no. 6, pp. 47 (in Russian).

6. Nielsen T., Jorgensen H.E., Larsen J.C., Poulsen M. City air pollution of polycyclic aromatic hydro-
carbons and other mutagens: occurrence, sources and health effects. Sci. Total Environ., 1996, vol. 189-190,

pp. 41-49. DOIL: 10.1016/0048-9697(96)05189-3

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

ISSN (Eng-online) 2542-2308 33



L.A. Deryabkina, B.I. Marchenko, K.S. Tarasenko

7. Rakhmanin Yu.A., Levanchuk A.V., Kopytenkova O.I. Improvement of the system of social and hy-
gienic monitoring of territories of large cities. Gigiena i sanitariya, 2017, vol. 96, no. 4, pp. 298-301. DOI:
10.18821/0016-9900-2017-96-4-298-301 (in Russian).

8. Butenko G.S., Polonskaya D.E. 3.4-benz(a)pyrene availability in the technogenically polluted
territory soils. Vestnik KrasGAU, 2012, no. 7, pp. 86-90 (in Russian).

9. Gabov D.N., Beznosikov V.A., Kondratenok B.M., Yakovleva E.V. Polycyclic aromatic hy-
drocarbons in the soils of technogenic landscapes. Geochemistry International, 2010, vol. 48, no. 6,
pp- 569-579. DOI: 10.1134/S0016702910060042

10. Benhaddya M., Boukhelkhal A., Halis Y., Hadjel M. Human health risks associated with met-
als from urban soil and road dust in an oilfield area of Southeastern Algeria. Arch. Environ. Contam.
Toxicoal., 2016, vol. 70, no. 3, pp. 556-571. DOI: 10.1007/s00244-015-0244-6

11. Bispo A., Jourdain M.J., Jauzein M. Toxicity and genotoxicity of industrial soils polluted by
polycyclic aromatic hydrocarbons (PAHs). Organic Geochemistry, 1999, vol. 30, no. 8B, pp. 947-952.

12. Tsibart A.S., Gennadiev A.N. Polycyclic aromatic hydrocarbons in soils: sources, behavior,
and indication significance (a review). Eurasian Soil Science, 2013, vol. 46, no. 7, pp. 728-741. DOLI:
10.1134/S1064229313070090

13. Nikiforova E.M., Alekseeva T.A. Polycyclic aromatic hydrocarbons in the soils of roadside
ecosystems of Moscow. Eurasian soil science, 2002, vol. 35, no. 1, pp. 42-52.

14. Sosa D., Hilber I., Faure R., Bartolome N., Fonseca O., Keller A., Bucheli T.D., Escobar A.
Polycyclic aromatic hydrocarbons and polychlorinated biphenyls in urban and semi-urban soils of Ha-
vana, Cuba. Journal of soils and sediments, 2019, vol. 19, no. 3, pp. 1328-1341. DOI: 10.1007/s11368-
018-2137-6

15. Glaser B., Dreyer A., Bock M., Fielder S., Mehring M., Heitmann T. Source apportionment of
organic pollutants of a highway-traffic-influenced urban area in Bayreuth (Germany) using biomarker
and stable carbon isotope signatures. Environ. Sci. Technol., 2005, vol. 39, no. 11, pp. 3911-3917. DOI:
10.1021/es050002p

16. Watts A., Ballestero T., Gardner K. Soil and atmospheric inputs to PAH concentrations in salt
marsh plants. Water Air and Soil Pollution, 2008, vol. 189, no. 1, pp. 253-263. DOI: 10.1007/s11270-
007-9572-0

17. Gorobtsova O.N., Nazarenko O.G., Minkina T.M., Borisenko N.I. Soderzhanie 3,4-benz(a)pi-
rena v rastitel'nosti, raspolozhennoi v zone vliyaniya Novocherkasskoi GRES [Content of 3,4-benz(a)py-
rene in vegetation located in the zone influenced by the Novocherkassk hydro-recirculation power plant].
lzvestiya vysshikh uchebnykh zavedenii. Severo-Kavkazskii region. Seriya: Estestvennye nauki, 2006,
no. 3, pp. 63—66 (in Russian).

18. Baek S., Field R., Goldstone M., Kirk P., Lester J., Perry R. A review of atmospheric poly-
cyclic aromatic hydrocarbons: sources, fate and behavior. Water, Air, and Soil Pollution, 1991, vol. 60,
pp- 279-300.

19. Gustafson P., Ostman C., Sallsten G. Indoor levels of polycyclic aromatic hydrocarbons in homes
with or without wood burning for heating. Environ. ci. Technal., 2008, vol. 42, no. 14, pp. 5074-5080.
DOI: 10.1021/es800304y

20. Barra R., Castillo C., Machado Torres J. Polycyclic aromatic hydrocarbons in the South
American environment. Rev. Environ. Contam. Toxicol., 2007, vol. 191, pp. 1-22. DOI: 10.1007/978-
0-387-69163-3 1

21. Blomgqvist P., Persson B., Simonson McNamee M. Fire emissions of organics into the atmos-
phere. Fire Technology, 2007, vol. 43, no. 3, pp. 213-231. DOI: 10.1007/s10694-007-0011-y

22. Callen M.S., de la Cruz M.T., Lopez J.M., Murillo R., Navarro M., Mastral A. Long-range at-
mospheric transport and local pollution sources on PAH concentrations in a South European urban area.
Fulfilling of the European directive. Water Air and Soil Pollution, 2008, vol. 190, no. 1-4, pp. 271-285.
DOI: 10.1007/s11270-007-9599-2

23. Dvorska A., Lammel G., Klanova J. Use of diagnostic ratios for studying source apportion-
ment and reactivity of ambient polycyclic aromatic hydrocarbons over Central Europe. Atmospheric En-
vironment, 2011, vol. 45, no. 2, pp. 420-427. DOI: 10.1016/j.atmosenv.2010.09.063

24. Wilcke W. Global patterns of polycyclic aromatic hydrocarbons (PAHs) in soil. Geoderma,
2007, vol. 141, no. 34, pp. 157-166. DOI: 10.1016/j.geoderma.2007.07.007

34 Health Risk Analysis. 2022. no. 1



Assessment of carcinogenic risk caused by elevated 3,4-benz(a)pyrene concentration in soils in an industrial city

25. Yakovleva E.V., Beznosikov V.A., Kondratenok B.M., Gabov D.N., Vasilevich M.I. Bioak-
kumulyatsiya politsiklicheskikh aromaticheskikh uglevodorodov v sisteme pochvarastenie [Bioac-
cumulation of polycyclic aromatic hydrocarbons in the soil-plant system]. Agrokhimiya, 2008, no. 9,
pp. 66—74 (in Russian).

26. Yakovleva E.V., Beznosikov V.A., Kondratenok B.M., Gabov D.N. Bioaccumulation of poly-
cyclic aromatic hydrocarbons in the soil-plant systems of the Northern-Taiga biocenoses. Eurasian Soil
Science, 2012, vol. 45, no. 3, pp. 309-320. DOI: 10.1134/S1064229312030143

27. Deryabin A.N., Unguryanu T.N. Assessment of biological pollution of soil in the Arkhangelsk
region. ZNiSO, 2017, no. 7 (292), pp. 18-21. DOI: 10.35627/2219-5238/2017-291-7-18-21 (in Russian).

28. Vodianova M.A., Kriatov 1.A., Donerian L.G., Evseeva 1.S., Ushakov D.I., Sbitnev A.V.
Ecological hygienic assessment of soils quality in urban areas. Gigiena i sanitariya, 2016, vol. 95,
no. 10, pp. 913-916. DOI: 10.18821/0016-9900-2016-95-10-913-916 (in Russian).

29. Aydinov G.T., Marchenko B.I., Kovalev E.V. Modern epidemiological features of cancer in-
cidence of population of Rostov region. ZNiSO, 2017, vol. 296, no. 11, pp. 7-15. DOI: 10.35627/2219-
5238/2017-296-11-7-15 (in Russian).

30. Onishchenko G.G., Novikov S.M., Rakhmanin Yu.A., Avaliani S.L., Bushtueva K.A. Osnovy ot-
senki riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh veshchestv, zagryaznyayushchikh ok-
ruzhayushchuyu sredu [Basics of health risk assessment under exposure to chemicals which pollute the en-
vironment]. Moscow, NII ECh i GOS Publ., 2002, 408 p. (in Russian).

31. Popova A.Yu., Gurvich V.B., Kuzmin S.V., Mishina A.L., Yarushin S.V. Modern issues of the
health risk assessment and management. Gigiena i sanitariya, 2017, vol. 96, no. 12, pp. 1125-1129. DOI:
10.18821/0016-9900-2017-96-12-1125-1129 (in Russian).

32. Zaytseva N.V., Popova A.Yu., May 1.V., Shur P.Z. Methods and technologies of health risk
analysis in the system of state management under assurance of the sanitation and epidemiological welfare
of population. Gigiena i sanitariya, 2015, vol. 94, no. 2, pp. 93-98 (in Russian).

33. Kurchanov V.I,, Lim T.Ye., Voyetsky I.A., Golovin S.A. The relevance of assessment of multi-
compartment carcinogenic risk to health from exposure to chemicals that pollute the environment. ZNiSO,
2015, vol. 268, no. 7, pp. 8-12 (in Russian).

Deryabkina L.4., Marchenko B.I., Tarasenko K.S Assessment of carcinogenic risk caused by elevated
3,4-benz(a)pyrene concentration in soilsin an industrial city. Health Risk Analysis, 2022, no. 1, pp. 27-35.
DOI: 10.21668/health.risk/2022.1.03.eng

Received: 14.12.2021
Approved: 21.02.2022
Accepted for publication: 21.03.2022

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 35



S.F. Sosnina, P.V. Okatenko, M.E. Sokolnikov

UDC 613.952: 614.876
DOI: 10.21668/health.risk/2022.1.04.eng

Research article

ANTHROPOMETRIC MEASUREMENTS IN NEWBORN CHILDREN

OF PERSONNEL EMPLOYED AT RADIATION-HAZARDOUS PRODUCTION
AS INDICATORS USED IN MONITORING OVER CONSEQUENCES

OF PARENTAL EXPOSURE TO RADIATION

S.F. Sosnina, P.V. Okatenko, M.E. Sokolnikov
Southern Urals Biophysics Institute of FMBA of Russia, 19 Ozerskoe shosse, Ozersk, 456780, Russian Federation

Physical development of offspring can be an important criterion applied to assess effects produced by parental expo-
sure. The cohort that includes workers employed at Mayak Production Association (PA), the first nuclear fuel cycle produc-
tion facility in Russia, is a valuable information source for analyzing consequences of occupational exposure.

Our objective was to analyze somatometric parameters of newborn children of Mayak PA workers who were occupa-
tionally exposed to pre-conception external gamma-radiation.

We retrospectively analyzed anthropometric measurements of 13,880 newborn children, all born in 1949-1973; 9321
children were conceived by parents who were long-term occupationally exposed to radiation at Mayak PA. The analysis
covered the core anthropometric elements including height, weight, head circumference, and chest circumference. Develop-
ment proportionality was estimated by using Quetelet, Vervek — Vorontsov's, and Erismann indexes. We estimated a correla-
tion between anthropometric measurements and accumulated parental pre-conception external gamma radiation dose and
calculated relative risk coefficients and odds ratio with 95 % confidence interval.

We established that parents were exposed to a wide range of external gamma radiation doses, up to 4075.6 mGy to the
ovaries and 5653.1 mGy to the testicles. There was a weak correlation between newborns' height and weight and parental
exposure. We also detected a trend for a decrease in newborns' body mass with increasing accumulated pre-conception dose
of external gamma radiation to the ovaries and, conversely, for an increase in it with a growing dose to the testicles. We
revealed a statistically significant increase in height and weight among children conceived and born by Mayak PA workers,
namely, a greater share of children with high body mass at birth. Analysis of children’s somatotypes confirmed excessive
values of proportionality indexes that showed height and weight measurements among children of exposed parents. Addi-
tional analysis of firstborns and children with proper duration of gestation produced the same results. Risk assessment indi-
cated there was significant prevalence of children with high body mass among offspring of exposed people.

We also assessed physical development of Mayak PA workers' newborns taking into account the latest data on long-
term occupational exposure; this assessment is vital for epidemiological monitoring over health of children born by person-
nel employed at radiation-hazardous production facilities.

Key words: physical development, newborns, radiation-hazardous production facilities, pre-conception exposure, dose
to the gonads, Mayak PA personnel, offspring, Quetelet index, Vervek — Vorontsov' s index, Erismann index.

Consequences of parental exposure for
their offspring’s health are an open issue that
should be given attention by scientific experts
[1, 2]. It particular, it is vital to directly assess
risks of heritable effects [3, 4] since there are
rather few research papers on the matter. An-
thropometric measurements of offspring re-
flect a significant aspect in ontogenetic devel-
opment and can be used as a valuable criterion

© Sosnina S.F., Okatenko P.V., Sokolnikov M.E., 2022

in assessing effects produced by preconception
exposure.

At present there are rather controversial es-
timates given to peculiar physical development
of children born to parents who were exposed
to radiation prior to conception. N.N. Evtu-
shnko with colleagues [5] examined 653 infants
who were born in families living in settlements
alongside the Techa river and exposed to ioniz-
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ing radiation due to emergencies at nuclear pro-
ductions. The authors described retarded physi-
cal development in 3-month infants in families
where parents were exposed to higher doses
(27.3 sSv to the gonads and 109 sSv to the hy-
pophysis) against the offspring of unexposed
parents. S. Chen and others [6] examined
92,492 infants; 9,275 of them had low birth-
weight. The authors detected that fathers’ pre-
conception exposure was the primary risk factor
causing low birthweight among children (odds
ratio (OR) was 1.537, confidence interval (CI)
was 1.083-2.181). Besides, they noted that ex-
posed fathers tended to have premature babies
more frequently.

Similar trends were described by M.G. An-
dreassi with colleagues [7] when they assessed
influence exerted by occupational exposure on
reproductive outcomes among personnel work-
ing at a heart catheterization laboratory and ex-
posed to an annual dose equal to 1-10 mSv/year.
They showed that chronic occupational exposure
of male workers correlated with higher preva-
lence of low birthweight among their offspring
(OR=2.7,CI 1.1-6.3).

N.P. Petrushkina performed a prospective
complex assessment of physical development
parameters among 606 children born by parents
who were employed at a nuclear enterprise. She
noted that “deteriorated physical development”
was authentically more frequent among chil-
dren with both parents being occupationally
exposed and among children born b?/ mothers
with accumulated dose up to 100 sGy .

Meanwhile, Magnusson L.L. with col-
leagues [8] described disharmonic physical
development and high birth weight among off-
spring of males who were occupationally ex-
posed to radioactive isotopes in biomedical
research laboratories (OR = 1.8, CI 1.0-3.2).
T. Herrmann with colleagues [9] analyzed cri-
teria of normal development and biological
maturation terms in families where a parent
had radiation therapy due to a malignant neo-
plasm with a dose to the gonads varying from
0.01 to 2 Gy. The authors detected a trend for

preterm delivery (52.5 % children were born
prematurely) but still, birthweight was normal
in all cases and though the skeleton maturing
was a bit retarded, otherwise children devel-
oped within physiological standards.

Therefore, at present there are no unified
conclusions with respect to assessing risks of
somatometric deviations in children whose
parents were exposed to radiation prior to con-
ception. This proves the necessity to examine
offspring’s health involving assessment of
contribution made by parental exposure.

“Mayak’ Production Association (“Mayak”
PA) is the first industrial nuclear facility. In 1948
the first uranium-graphite industrial reactor in
Russia (and on the continent as well) was put
into operation there and reached its planned op-
eration capacity. Mayak PA personnel, the major
part of them being at their reproductive age,
might have been exposed to substantial doses at
their workplaces. Examining health risks for off-
spring of people who are occupationally exposed
to technogenic ionizing radiation seems interest-
ing not only as a scientific issue but also as a vi-
tal aspect in regulating hygienic standards at ra-
diation-hazardous production facilities.

Our objective was to analyze somatomet-
ric parameters of newborn children of Mayak
PA workers who were occupationally exposed
to preconception external gamma-radiation.

Materials and methods. Necessary data
for a retrospective epidemiological study were
taken from the Ozersk Children’s Health Reg-
ister. Ozersk is a closed town located in the
vicinity of the nuclear enterprise. The register
was created and has been kept at the Radiation
Epidemiology Laboratory, Southern Urals
Biophysics Institute of FMBA of Russia; it
contains medical and social data from archive
out-patient case histories of children living in
Ozersk [10]. Data on parental individual occu-
pational exposure were taken from the Mayak-
2013 Workers Dosimetric System [11]. The
system provides data on accumulated external
gamma-radiation doses to the gonads and
equivalents of photon radiation doses Hp (10).

! Petrushkina N.P. Zdorov'e potomkov (1-2-¢ pokoleniya) rabotnikov pervogo predpriyatiya atomnoi promyshlennosti —
proizvodstvennogo ob"edineniya «Mayak» (kliniko-epidemiologicheskoe issledovanie) [Health of offspring (the 1% — 2™ gen-
eration) born by parents who were employed at Mayak PA, the first nuclear industrial enterprise in the country (clinical-
epidemiological research)]: the thesis for the Doctor of Medical Sciences degree. Moscow, 2003, 371 p. (in Russian).
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Table 1
Data taken from the Ozersk Children’s Health Register (children born in 1949—-1973)

A number of people in the Ozersk Children’s Health Register
Offspring Including measured accumulated occupational
Yegrs of Mayak PA preconception exposure
of birth Male | Female Total workers Only father Only mother Both parents
abs. % abs. %* abs. %* abs. %o*

1949-1953 | 594 711 1305 539 41.3 193 35.8 97 18.0 58 10.8
1954-1958 | 1903 1880 3783 1619 42.8 753 46.5 257 15.9 391 242
1959-1963 | 3386 3151 6537 2877 440 | 1996 | 694 | 201 7.0 330 11.5
1964-1968 | 2596 2437 5033 2285 454 | 1691 | 74.0 103 4.5 157 6.9
1969-1973 | 2854 2771 5625 2001 356 | 1426 | 713 83 4.1 97 4.8
1949-1973 | 11,333 | 10,950 | 22,283 9321 41.8 | 6059 | 65.0 | 741 7.9 1033 11.1

N o t e : * means the shares from the number of Mayak PA workers' offspring.

The present work covers a 25-year obser-
vation period focusing on children living in
Ozersk (born in 1949-1973) including the first
generation of Mayak PA workers’ offspring.
Initial data are outlined in Table 1.

We created our examined groups as follows:

— the test group: we extracted data from
the Ozersk Children’s Health Register on the
first generation of Mayak PA workers’ off-
spring; workers were hired in 1948-1982 and
were occupationally exposed to radiation prior
to conception; children were born in Ozersk in
1949-1973. Our ultimate sampling to be ex-
amined amounted to 9321 children, 51.2 %
(4776) boys and 48.8 % (4545) girls;

— the reference group: we extracted data
from the Ozersk Children’s Health Register on
children born by non-exposed parents (parents
had not been occupationally exposed prior to
conception, had never taken part in eliminating
consequences of radiation emergencies, and
hadn’t moved to the city from territories with
radioactive pollution); children were born in
Ozersk in 1949-1973. The reference group
was made up of 4559 children, 43.8 % (1996)
boys and 56.2 % (2563) girls.

Both groups were comparable as per years
of birth, sex, and the place of birth being the
same, Ozersk. We excluded children who
weren’t born in the city and came to live there
in their childhood from our research. It was

done to ensure that our analyzed groups had
the same climatic and geographic living condi-
tions and the same scope and quality of avail-
able medical services.

Somatometric parameters were estimated
bearing in mind physiological norms for chil-
dren development, both those that were ap-
plied in pediatrics during the first decades in
the observation period” and established later
[12—-14]. We examined the core anthropomet-
ric elements of newborns including weight,
height, head circumference, and chest circum-
ference. Development proportionality was es-
timated by calculating the following indexes:

— Quetelet index I or weight-height in-

dex (QI):
_ weight (g)
height (cm)
— Vervek — Vorontsov’s index (VVI):
VVI=
B height (cm)
2 -weight (kg) + chest circumference (cm)

— Erismann index (EI):

EI = chest circumference (cm) —
_ height (cm)
2

2 Rukovodstvo po pediatrii: v 10 t. [Guide on pediatrics: in 10 volumes]. In: A.F. Tur ed. Moscow, Medgiz, 1960, vol. 1,
Anatomo-fiziologicheskie osobennosti detskogo vozrasta [ Anatomic and physiological peculiarities of children], 576 p. (in Rus-
sian); Mazurin A.V., Vorontsov I.M. Propedevtika detskikh boleznei [Preliminary study of children diseases]. Moscow, Med-

itsina, 1985, 432 p. (in Russian).
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The data were statistically analyzed with
Statistica Version 10 software package
(StatSoft, USA). We applied Kolmogorov —
Smirnov test to check whether distribution was
normal. Descriptive statistics for normally dis-
tributed indicators was given as mean values
(M) £ standard quadratic deviation (S); in case
distribution wasn’t normal they were given as
median (Me) and interquartile range (25-th and
75-th percentiles). When comparing values in
two groups that were not normally distributed,
we applied non-parametric Kolmogorov -
Smirnov and Mann — Whitney tests. We de-
termined statistical significance of differences
between the analyzed groups using y” test.

We estimated correlations between an-
thropometric measurements and parental ac-
cumulated preconception exposure dose of ex-
ternal gamma-radiation using Spearman’s rank
correlation coefficient. A share of dispersion
that could be explained was calculated as per
the following formula: r?> x 100 (%). Differ-
ences were considered statistically significant
at p < 0.05. We calculated relative risk (RR)
and odds ratio (OR) of deviations in physical
development among offspring of exposed and
non-exposed parents with 95 % confidence
interval (CI).

Results and discussion. Mayak PA work-
ers might have been exposed to excessive radia-
tion at their workplaces during the first years of
the facility operations since they had to manu-
facture ionizing radiation sources for industrial
and military use in a short time, they lacked
necessary experience in working with such ma-
terials, technologies were rather underdevel-
oped, and radiation safety standards existing at
the moment were also inadequate.

We analyzed accumulated preconception
exposure in parents employed at Mayak PA
and detected apparent spread in values caused
by variable occupational exposure scenarios
(Table 2). Overall, paternal preconception ex-
posure was higher than maternal exposure ac-
cording to dosimetric data on a range of accu-
mulated technogenic external gamma-radia-
tion. At the same time there were only slight
differences in medians of parental doses both
to the gonads and individual equivalents of
photon radiation doses Hp (10).
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We comparatively analyzed data taken
from children’s out-patient case histories and
revealed certain differences in newborns’ clini-
cal records between the groups. According to
data on gestation, a specific share of children
with normal gestation was similar in both
groups and amounted to 84.8 % (7903 children)
in the test group and 84,5 % (3851 children) in
the reference group, p > 0.05. But at the same
time premature children were significantly
more frequently detected in the reference group
against the test one (4.7 % (214 children)
against 3.4 % (319) accordingly, p < 0.01) as
well as postmature children (0.7 % (34 cases)
against 0.4 % (41) accordingly, p = 0.02). There
were no archive data regarding gestation age on
1058 children (11.4 %) in the test group and
460 (10.1 %) in the reference one (p = 0.025).

Majority of children in both groups were
born in single pregnancies and only a very
small share were born in multiple ones, 1.3 %
(119) in the test group and 1.2 % (54) in the
reference group, p > 0.05.

Compromised obstetric-gynecological case
history was detected significantly more fre-
quently in mothers of children from the test
group, 33.7 % (3143 against 30.1 % (1373) in
the reference group, p < 0.01. Induced abortion
prevailed among such pathologies and it could
probably be due to underdeveloped contracep-
tive techniques, especially during the first years
of the observed period. Two and more medical
abortions were detected in 19.3 % cases
(1799 mothers) in the test group and in 17.4 %
(791 mothers) in the reference one, p > 0.05.

Besides, we can’t exclude a probable risk
of miscarriage caused by occupational expo-
sure. It is well-known, that exposure of the fe-
male reproductive system and a mother’s body
as a whole can not only induce mutations in
ovules and their predecessors but also result in
distorted intrauterine development due to
changes in the physiological condition of the
reproductive organs, placenta, and organs re-
sponsible for neuroendocrine regulation as well
as due to a decrease in adaptive capabilities of
the body [15]. However, it is impossible to spot
out miscarriages caused by occupational expo-
sure in obstetric-gynecological case histories
since there are no available data on the matter.
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Table 2

Accumulated parental preconception doses of external gamma-radiation

Preconception doses | Range of doses | M+s | Me[Q25; Q75]
Mother preconception exposure
Doses to the ovaries, mGy 0.01-4075.6 385.9+525.3 166.1 [37.0; 540.5]
Hp (10) doses, mSy 0.01-6697.3 564.6 + 788.2 235.1 [51.4; 782.3]
Father preconception exposure
Doses to the testicles, nGy 0.01-5653.1 4229 +634.6 168.4 [45.6; 510.0]
Hp (10) doses, mSy 0.01-6918.3 489.9 +723.4 195.8 [48.2; 600.3]

N o te: M is mean value, Sis standard deviation; Me is sampling median, [Q25; Q75] is interquartile range.

Table 3
Parameters of newborn’s physical development
Mzts Me [Q25; Q75]
Parameters Total | Boys | Girls Total Boys Girls
Test group
BW,kg | 347+052* | 3.54£052% | 339+£05* | 35[3.2;3.8] | 3.55[3.23;3.86] | 3.4[3.1;3.7]
H,cm | S51.7+£25% | 52.1+25 | 513+£243*% | 52[50; 53] 52 [51; 54] 51[50; 53]
HC,cm | 356+ 15% | 359+ 15% | 354+ 143 36 [35; 36] 36 [35; 37] 35 [35; 36]
CC,cm | 347+16 | 349+16 | 344+152 35 [34; 36] 35 [34; 36] 35 [34; 35]
Reference group

BW,kg | 339+053 | 347+054 | 333052 | 3.4[3.1;3.7] 35[3.15;3.8] | 3.35[3.03;3.65]

H, cm 514+25 | 5194261 | 51.1+24 52 [50; 53] 52 [50; 53] 51 [50; 52]
HC,cm | 355+15 | 3575+153 | 3525+15 36 [35; 36] 36 [35; 37] 35 [35; 36]
CC,cm | 345+16 | 3478168 | 343+16 35 [34; 35] 35 [34; 36] 34[34; 35]

Note: BWis body weight, H is height, HC is head circumference; CC is chest circumference; M is mean
value, Sis standard deviation, Meis sampling median, [Q25; Q75] is interquartile range; * means difference be-

tween the groups are significant.

A number of stillbirths was comparable in
both groups, 1.7 % (160 cases) in the test group
and 1.6 % (74 cases) among offspring of unex-
posed parents, the reference group, p> 0.05.

We detected a statistically significant dif-
ference between the groups in distribution of
pregnancies as per their ordinal number.
Secundiparas were more frequent in the test
group (42.3 % cases or 3940 women), whereas
there were only 37 % such cases in the refer-
ence group (1687), p < 0.001. Average age of
a mother at the moment of birth amounted to
25.9 years in the test group and to 25.1 in the
reference group; average age of a father, 27.1
and 25.1 years accordingly.

Parameters of newborns’ physical devel-
opment are comparatively described in Table 3.

Our analysis of somatometric parameters
revealed statistically significant differences
between the groups as per the following an-
thropometric measurements: weight, height,
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and head circumference. Figure 1 shows
graphic description of birthweight.

Despite apparent similarities and rela-
tively close values, newborn’s weights were
still significantly higher in the test group than
in the reference one, both totally (p < 0.001),
and when distributed as per sex (p < 0.001).

Newborns’ heights had a wider spread of
values among offspring of Mayak PA workers,
a higher median value (Figure 2) and were sta-
tistically significantly different from values
detected in the reference group, both totally (p
<0.001) and among girls (p < 0.001).

We established a small but still statisti-
cally significant difference in head circumfer-
ence among offspring of exposed parents,
both in the whole group (p < 0.001) and
among boys (p = 0.02). A range of head cir-
cumference values was wider in the reference
group where we detected the maximum val-
ues in children with hydrocephaly. Minimal
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values of head circumference were detected
among Mayak PA workers’ children; how-
ever, a number of newborns with head cir-
cumference being lower than the 10-th per-
centile (less than 33 cm) was significantly
higher in the reference group, 5.6 % (254)
against 4.4 % (410) in the test group, p =
0.0024.We comparatively analyzed gestation
age of these children and didn’t establish any
significant differences (p > 0.05).

There were slight differences in chest cir-
cumference between the groups, and, as a rule,

Figure 1. Description of newborns’
birthweight in the groups

the parameter corresponded to physiological
standards of newborns development. Having
compared the parameters between the groups,
we didn’t detect any statistically significant
differences.

Table 4 provides data on estimates of de-
velopment proportionality with determined
anthropometric indexes.

Orientation estimates of somatotype with
Erismann index didn’t detect any significant
differences between the two groups and in
general conformed to age standards. At the

Figure 2. Newborns’ heights
in two groups

Table 4
Comparative characteristics of proportionality indexes
Index Total | l\]g:yj | Girls Total | ve [Q]ifysQ Zl | Girls
The test group

o 069797 | 617=TE | 660%78 [62.?)?;1 8] [63.?)?.’?2.5] [616.2;571]
VI 1242005 | 1242004 | 1254005 | 2122;‘ - [1'211;2;" _ '212-;2;"27]

EI 8.79+0.01 885002 | 875+0.02 " 3;'%' . [8.3;-2.5] [8'3;-%'5]

The reference grou

QI 65.6=8.1 66.6+ 8.2 649480 | (o ng-;)%] [612?-731.6] [606.(5);470]
VVI 1.2540.05 1255004 | 1252005 | 2122;‘ - [10212';2;‘. —_ .212;2;‘.28]

- S82002 5844004 8.78+0.03 [8.3;.%.5] [8.3;%.5] [8.3;.%.5]

N o te: M is mean value, Sis standard deviation; Me is sampling median, [Q25; Q75] is interquartile range; *
means difference between the groups are significant.
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same time, higher values of Vervek — Voront-
sov’s index were authentically more frequent
among unexposed parents’ offspring, both in
the group as a whole (p = 0.013), and among
boys as well (p = 0.033). This is additional
evidence that birthweight values were higher
in the test group than in the reference one.

Vervek — Vorontsov’s index shows how
proportionate development is if taken as per
ratio of lateral and longitudinal sizes. Having
comparatively analyzed its structure as per its
numeric values, we didn’t detect any signifi-
cant differences. There were no newborns with
the index being lower than 0.85 (indicating
brachymorph, that is lateral sizes being greater
than longitudinal ones) in either group. Meso-
morph type (0.85-1.25 VVI) was detected in
more than a half children in each group,
58.4% (3694) in the test group and 57.6 %
(1844) in the reference one, p > 0.05. There
wasn’t any statistically significant difference
in a number of newborns with VVI value ex-
ceeding 1.25 (which indicates dolichomorphic
body type or moderate prevalence of longitu-
dinal sizes) either.

We detected the most significant differ-
ences between the two groups when comparing
Quetelet 1 index that reflected weight and
height and allowed determining whether a child

had good nutrition during its antenatal life.
There was a great variability in the index values
in the test group (Figure 3). And though aver-
age values of the index in both groups generally
conformed to the standards of newborns’ physi-
cal development, our comparative analysis estab-
lished significant higher Quetelet I index values in
children born in families of Mayak PA workers,
both in the group as a whole (p < 0.001) and dis-
tributed as per sex (p<0.001).

Long-term observations over people who
lived on territories alongside the Techa river
with considerable radioactive pollution [16]
established that in general physical develop-
ment of offspring in that exposed population
was within its physiological standards. Still,
there was a trend for growing frequency of
newborns with high birth weight and “low
birthweight” ones.

Table 5 provides data on distribution of
newborns in the analyzed groups as per their
weights: low birthweight (500-2499 grams),
normal weight (2500-3499 grams) and high
birthweight (3500 grams and more) with cal-
culated median of parental preconception oc-
cupational exposure doses for each interval.
There were data on birthweight of 8480 chil-
dren in the test group (51.2 % (4339) boys and
48.8 % (4141) girls) and 4186 children in the

Figure 3. Quetelet [ index in the groups
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Table 5
Newborns distributed as per birthweight
Low birthweight Normal birthweight High birthweight
Sex (500-2499 grams) (2500-3499 grams) (3500 and more)
Mother Father Mother Father Mother Father
0 0, 0,
Abs. (%) dose dose Abs. (%) dose dose Abs. (%) dose dose
Test group (N = 8480)
3926%* 4276%
*
Total |278*(3.3)| 189.1 134.5 (46.3) 167.4 1454 (50.4) 153.6 184.9
sk
Boys | 114*(1.3) 85.4 1293 |1784* (21)| 161.2 1434 %;gg) 149.1 188.9
. 2142%* 1835%*
Girls | 164 (2.0) 190.2 134.5 (25.3) 180.4 150.5 (21.6) 159.4 179.4
Reference group (n=4186)
Total | 188 (4.5) - - 2117 (50.6) - - 1881 (44.9) - -
Boys | 72(1.7) - - 816 (19.5) - - 949 (22.7) - -
Girls | 116 (2.8) - - 1301 (31.1) - - 932 (22.3) - -

Note: Dose is a median of accumulated external gamma-radiation to the gonads prior to conception, mGy;
* means differences from the reference group are statistically significant.

reference group (43.9% (1837) boys and
56.1 % (2349) girls). Data on the remaining
children were missing due to absence of infor-
mation about physical development during the
neonatal period in some archive case histories.

Development of newborns estimated as
per birthweight had statistically significant dif-
ferences in the analyzed groups. Thus, a share
of newborns with their birthweight exceeding
3500 grams was higher in the test group than
in the reference one (50.4 % and 44.9 % ac-
cordingly, p< 0.001). The same statistically
significant prevalence of high birthweight ba-
bies was detected among boys in the test group
against the reference one (28.8 % and 22.7 %
accordingly, p < 0.001). At the same time a
number of low birthweight newborns with
prenatal hypotrophy was higher in the refer-
ence group among boys (p = 0,008) and in the
whole group (p <0.001).

Normally developed children significantly
prevailed among unexposed parents’ offspring,
both in the group as a whole and among girls
(p<0.001 and p = 0.005 accordingly) whereas
a number of newborn boys with normal devel-
opment was significantly higher in the test
group (p=0.017).

When we tried to determine any correla-
tions between accumulated parental precon-
ception doses of external gamma-radiation and
newborns’ weights, we had rather ambiguous
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results. Thus, as accumulated doses to the ova-
ries grew, there was a trend for decreasing
birthweight both in the group as a whole and
among girls whereas low birthweight among
boys was associated with low preconception
exposure of mothers. Meanwhile, all the corre-
lations between paternal preconception expo-
sure and newborns’ weight had the same direc-
tions: as an accumulated preconception dose of
external gamma radiation to the testicles grew,
there was an apparent trend for a growing
birthweight of offspring.

Growing birth parity is likely to result in
higher birthweight and this can be a reason of
greater weight-height parameters in newborns.
Since there was a significantly higher number
of secundiparas in the test group (p < 0.001),
we analyzed anthropometry among newborns
again, having excluded children who were
born in the second delivery (Table 6).

Average age of parents when their first-
borns were born amounted to 23.2 years
among mothers in the test group and 22.5
years in the reference group; 24.5 years and
22.3 years among fathers accordingly. Just as
before, the comparative analysis showed that
heights and weights were significantly greater
among firstborns in the test group, both in the
group as a whole and among girls. At the same
time there was no difference in anthropometric
measurements of boys, and we didn’t find any
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Table 6
Parameters of physical development estimated only among firstborns
Mzs Me [Q25; Q75]
Parameters Total | Boys | Girls Total | Boys | Girls
Test group (n = 4058)
BW, kg |3.37 = 0.47%| 3.44 £ 0.48 [3.31 + 0.46*| 3.4[3.1;3.68] | 3.45[3.15;3.71] | 3.3 [3.0; 3.6]
H,cm |51.5+23%| 518422 |51.2+231*% 52 [50; 53] 52 [50; 53] 51 [50; 53]
HC,cm | 355+1.4 | 357+13 |352+1.35| 36 [35; 36] 36 [35; 37] 35 [34; 36]
CC,cm | 345+15 | 347+15 | 343+ 1.44| 35 [34;35] 35 [34; 36] 34 [33; 35]
Reference group (n=2282)
BW, kg |3.32+0.49 [3.41 £0.51]3.26+0.47 | 3.35[3.0;3.64] | 3.43[3.1;3.7] | 3.3 [3.0;3.55]
Hoom | 513+24 |51.7+2.44] 509+2.2 51 [50; 53] 52 [50; 53] 51 [50; 52]
HC,cm | 354+ 1.5 |35.66+1.47|3517+1.4| 35 [35; 36] 36 [35; 37] 35 [34; 36]
CC,cm | 344+1.6 |34.67+1.67| 342+ 1.6 35 [34; 35] 35 [34; 36] 34 [33; 35]

Note: BWis body weight, H is height, HC is head circumference; CC is chest circumference; M is mean
value, Sis standard deviation, Meis sampling median, [Q25; Q75] is interquartile range; * means difference be-

tween the groups are significant.

confirmation of group differences as per new-
borns’ head circumference (p > 0.05).

We also additionally compared anthro-
pometric measurements of children with proper
gestation, having excluded children born in a
premature or retarded birth; the results were
similar: significantly greater body weight and
height of children in the test group, both as a
whole (p < 0.001 and p < 0.025 accordingly)
and among girls (p < 0.05).

Therefore, having analyzed somatometry,
we established significantly greater weight and
height among offspring of Mayak PA workers
with long-term preconception occupational
exposure. We also performed a correlation
analysis to quantitative estimate correlations
between parental doses and newborns’ anthro-
pometric measurements (Table 7).

Correlations between newborns’ heights and
weights and maternal doses of occupational expo-
sure were characterized with authentic signifi-
cance levels both for girls and boys; however,
correlation coefficients were rather low (0.036—
0.051). A weak, though statistically significant
correlation was detected between birthweight and
paternal accumulated doses of occupational expo-
sure in the test group as a whole and among boys.
We didn’t detect any correlations between new-
borns’ height and doses of external gamma-
radiation accumulated by fathers.

A share of dispersion that could be ex-
plained as per the maximum value of the coef-
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ficients didn’t exceed 0.3 %. Therefore, our
analysis established a weak correlation be-
tween height and weight at birth and accumu-
lated doses of parental preconception occupa-
tional exposure to external gamma radiation.

We estimated risk coefficients with re-
spect to deviations in anthropometric meas-
urements of newborns born by exposed and
intact parents. The estimations confirmed all
the aforementioned peculiarities (Table 8).

Babies of high birth weight were statisti-
cally significantly more frequently detected in
families of Mayak PA workers: RR 1.12
(CI'1.08-1.17), OR 1.25 (1.16-1.34). This
regularity was authentic both among boys: RR
1.09 (1.03-1.15), OR 1.2 (1.08-1.34), and
among girls: RR 1.12 (1.05-1.19), OR 1.21
(1.09-1.34). Low and normal weights were
significantly less frequent among newborns of
parents with preconception occupational expo-
sure. The lowest risk of low birthweight was
detected for boys of exposed parents: OR 0.66
(0.49-0.89).

Undoubtedly, it would be a mistake to as-
sume that newborns’ physical development is
associated solely with parental preconception
exposure. There is a great variety of factors
that determine how a fetus grows and devel-
ops, including genetic and biological ones,
trace element deficiency, antenatal patholo-
gies, infectious and somatic pathologies of a
fetus [17, 18]. It is rather difficult to spot out
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Table 7

Correlations between parental preconception exposure and newborns’ height and weight

Mother’s preconception exposure Father’s preconception exposure
Sex Dose to gonads Hp (10) dose Dose to gonads Hp (10) dose
r [ p r [ p r | p r [ p
Birthweight
Boys 0.051 <0.001 0.051 <0.001 0.041 <0.01 0.04 <0.01
Girls 0.036 0.019 0.036 0.019 0.022 > 0.05 0.022 >0.05
Both sexes 0.043 <0.001 0.043 <0.001 0.033 <0.01 0.032 <0.01
Height at birth
Boys 0.037 0.016 0.037 0.016 0.024 >0.05 0.022 >0.05
Girls 0.038 0.016 0.038 0.017 0.01 >0.05 0.01 >0.05
Both sexes 0.038 <0.001 0.038 <0.001 0.017 >0.05 0.016 >0.05
N o te:ris correlation coefficient; p is the significance level.
Table 8
Relative risk (RR) and odds ratio (OR) of deviations in birthweight
. . Outcome RR OR
Birthweight Group Yes | No (95 % CI) (95 % CI)
Boys
. Exposed* 114 4225
Low weight Non-exposed ) 1765 0.67 (0.5-0.9) 0.66 (0.49-0.89)
. Exposed 1784 2555
Normal weight Non-exposed 216 021 0.93 (0.87-0.98) 0.87 (0.78-0.97)
. . Exposed 2441 1898
High weight Non-exposed 949 283 1.09 (1.03-1.15) 1.2 (1.08-1.34)
Girls
. Exposed 164 3977
Low weight Non-exposed 116 733 0.8 (0.64-1.01) 0.79 (0.62-1.01)
. Exposed 2142 1999
Normal weight Non-exposed 301 1043 0.93 (0.89-0.98) 0.86 (0.78-0.96)
. . Exposed 1835 2306
High weight Non-exposed 932 a7 1.12 (1.05-1.19) 1.21 (1.09-1.34)
Both sexes
. Exposed 278 8202
Low weight Non-exposed 188 3998 0.73 (0.61-0.87) 0.72 (0.6-0.87)
. Exposed 3926 4554
Normal weight Non-exposed 217 2069 0.91 (0.88-0.95) 0.84 (0.78-0.91)
. . Exposed 4276 4204
High weight Non-exposed 1881 2305 1.12 (1.08-1.17) 1.25(1.16-1.34)

N o te: * means children whose parents were occupationally exposed prior to conception.

a leading factor that makes for developing on-
togenetic disorders.

Previously we assessed physical devel-
opment of newborns born by female Mayak
PA workers with preconception occupation
exposure to external gamma-radiation by per-
forming a factor analysis. Apart from mater-
nal exposure to radiation (15.3 % of disper-
sion) the analysis highlighted antenatal fac-
tors (13.8 %), obstetric-gynecologic case
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history (13.5 %), and mothers having bad
habits (9.7 % of dispersion) [19]. Besides, a
great contribution to children’s physical de-
velopment could be made by medical and so-
cial peculiarities of families living in the ana-
lyzed closed town [20]. This requires certain
attention and further investigation and analy-
sis including those focused on estimating con-
tributions made by non-occupational parental
exposure.
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Conclusion. Anthropometric measure-
ments are among the most significant parame-
ters of a fetus and a newborn and they can be
valuable for assessing effects produced by pre-
conception exposure. We performed this retro-
spective analysis of newborns’ anthropometric
measurements covering data on 13,880 children
born in Ozersk in 1949-1973, 9321 of them
being born by parents with long-term precon-
ception occupational exposure at Mayak PA.

Our overall research results indicate that,
together with significant differences between
the groups as per gestation age, birth parity,
and mothers’ reproductive health, height and
weight at birth were significantly higher
among newborns of Mayak PA. Distribution
as per different birthweight categories revealed
a greater contribution made by babies of a high
birth weight (more than 3500 grams) among
offspring of people with preconception occu-
pational exposure against the reference group,
p <0.001. We comparatively assessed somato-
types using proportionality indexes and estab-
lished both significance of anthropometric
measurements showing height and weight pa-
rameters and their higher values among chil-
dren of Mayak PA workers.

Having examined possible correlations be-
tween anthropometric measurements and do-
simetric characteristics of parental exposure, we
established an apparent trend for growing birth-
weight with increasing accumulated preconcep-
tion doses of external gamma-radiation to the
testicles and a trend for decreasing birthweight

with growing accumulated preconception doses
to the ovaries. At the same time quantitative as-
sessment of an association between parental pre-
conception occupational exposure and new-
borns’ height and weight showed a statistically
significant but rather weak correlation.

Our assessment of risk coefficients
showed that low birthweight and normotrophy
were statistically significantly less frequent
among offspring of Mayak PA workers. At the
same time, newborns of high birth weight
(more than 3500 grams) significantly prevailed
in this group and this fact confirms all our pre-
vious calculations.

By using a cohort including offspring of
Mayak PA workers, we obtained an up-to-date
estimation of anthropometric measurements at
birth taking into account updated data on doses
of long-term parental occupational exposure.
The established peculiarities of newborns’
physical development can enhance our over-
view of trends in epidemiologic monitoring
over health of children born by workers em-
ployed at radiation-hazardous productions and
determine new prevention strategies.
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SUBSTANTIATING METHODICAL APPROACHES TO QUANTIFYING
REPRODUCTIVE HEALTH RISKS CAUSED BY HARMFUL OCCUPATIONAL
AND WORK-RELATED FACTORS

P.Z. Shur', N.V. Zaitseva', D.N. Lir'?

'Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya
Str., Perm, 6140045, Russian Federation

Perm State Medical University named after Academician E.A. Wagner, 26 Petropavlovskaya Str., Perm, 614990,
Russian Federation

The article dwells on methodical approaches to quantifying occupational risk (OR) which give an opportunity to spot out pri-
ority trendsin prevention of reproductive losses caused both by occupational diseases (ODs) and work-related diseases (WRDs).

OR quantitative assessment takes into account an additional probability of developing disorders and their severity. When as-
sessing OR for reproductive health, it is advisable to take into account sex-related peculiarities, sensitive periods in the reproduc-
tive cycle, variable physiological states, as well as health disorders in offspring caused by parental occupational exposures. The
assessment is based on epidemiological research. The algorithm also involves determining OR of reproductive disorders; determin-
ing an integral OR of reproductive disorders (as a combined account of both ODs and WRDs caused by exposure to different fac-
tors); determining OR categories and assessing their acceptability regarding reproductive health. It is suggested to determine se-
verity of reproductive health outcomes (health effects) using conventional coefficients recommended by the WHO and “ loss of fertil-
ity level which is significant in assessing conseguences for offspring. In case a risk is detected, both for exposed workers and their
offspring, it is recommended to consider selecting the priority (maximum) risk level to be the ultimate assessment result.

The suggested methodical approaches were tested on a group of women employed at a petrochemical production and
exposed to several harmful occupational factors (chemical factor and labor intensity) with working conditions at their work-
places belonging to the hazard category 3.1. The assessment revealed the integral risk for reproductive health to be equal to
1.6-107 thus indicating that the risk was unacceptable. Besides, occupational factors influencing a mother create an unac-
ceptable risk for development of healthy offspring (the detected risk is 3-107). Such a reproductive disorder as infertility
causes “insignificant” risks for women whereas they grow up to being “high” for their potential offspring. The ultimate
assessment result is selecting the maximum risk levels, that is, the “ high” risk for offspring’s health.

Key words: methodical approaches, quantitative assessment, risk assessment, reproductive health, occupational fac-
tors, work-related factors, petrochemical production.
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In 2010 a positive trend appeared in dynamics of
demographic rates in the country; but by now this
trend has reversed. Today the demographic situa-
tion is characterized with the decreasing fertility
rate and growing mortality. According to the offi-
cial statistic data in 2020 the total fertility rate
amounted to 1.5 against 1.77 in 2015 when it
reached its maximum value over the previous
20 years. The overall birthrate went down to
9.8 %o (or by 26 % lower than in 2015) but the
overall mortality grew up to 14.6 %o (or by 12 %
higher than in 2015); as a result, there was a natu-
ral decrease equal to 4.8 %e.

Harmful occupational and work-related fac-
tors can both cause occupational diseases (ODs)
and induce pathogenetic mechanisms of devel-
oping and progressing work-related diseases
(WRDs) [1]. There are good examples of expo-
sure to certain harmful chemicals detected at
workplaces and known for a long period of time;
one of them is exposure to lead at workplaces of
female potters which can cause miscarriage, still
birth and infertility among them. It has been es-
tablished recently that harmful working condi-
tions cause up to 61 % of female infertility cases
and up to 87 % of uterine fibroids. An etiological
fracture of negative impacts on the reproductive
system is greater at workplaces with working
conditions being more hazardous (belonging to
higher hazard categories). Moreover, when a
pregnant woman is exposed to harmful working
conditions at her workplace, a contribution made
by this exposure is significantly greater for a
newborn than for her [2].

Hygienic assessment of working condi-
tions doesn’t rely on health disorders, including
reproductive ones, as estimation criteria, there
is a rather limited number of research works
which mention established relationships be-
tween developing reproductive disorders and
occupational exposures and descriptions of
such relationships lack any quantitative parame-
ters. Given that, in most cases it is not reason-
able to perform a priori assessment of reproduc-
tive risks. A posteriori semi-quantitative as-
sessment is accomplished only in case of ODs.
So, it seems vital to develop methodical ap-
proaches to occupational risk (OR) quantifica-
tion since this gives an opportunity to spot out
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priority activities aimed at preventing reproduc-
tive losses caused by both ODs and WRDs.

Our research goal was to substantiate
methodical approaches to quantifying repro-
ductive health risks caused by exposure to oc-
cupational and work-related factors.

Materials and methods. Science-based
approaches and an algorithm for quantitative
risk assessment were developed based on
analysis of literature sources and regulatory
and methodical documents containing some
fundamentals regarding OR assessment. We
also analyzed some studies with data on pecu-
liarities of developing reproductive disorders
and negative health outcomes in future off-
spring caused by exposure to harmful envi-
ronmental factors [3, 4].

The approaches and algorithm were to be
tested using a previously published study where
the authors established cause-effect relations be-
tween reproductive health and harmful working
conditions. To select an appropriate study, we
analyzed publications in the conventional citation
databases (eLibrary, CyberLeninka, GoogleScho-
lar, Web of Science, Scopus, RSCI, HAC, etc.).
Approximately 800 publications issued from
2011 to 2021 (a 10-year period) were found as
per such key words as “occupational risk” and
“reproductive health”. The most interesting ones
were those which described cross-sectional ana-
lytical epidemiological studies with detected
probabilities of a negative response from the fe-
male reproductive system and offspring devel-
opment in test and control groups. Working con-
ditions in a test group should include harmful oc-
cupational factors and belong to a hazard category
not lower than 3.1 (hazardous, class 1).

We chose a study by M.K. Gainullina
who examined frequency of gynecological
morbidity, fertile functions, and pregnancy
outcomes in female workers employed at a
petrochemical production (chemical engineers,
chemical analysts, samplers, etc.). The overall
sampling was made of 512 people [5]. Ap-
proaches to OR quantitative assessment are
based on key stages in any risk assessment:
hazards identification, exposure assessment,
assessment of “exposure — response” relation-
ship, and risk characterization [6].
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Research results. There are peculiarities
in development of reproductive disorders
which require certain adjustments to be made
at some stages in risk assessment. When a
hazard is identified, it is advisable to anticipate
negative answers which are specific for a male
or female body due to sex-related physiologi-
cal differences between them. There can also
be certain responses specific for couples, that
is, responses where both sexes play an impor-
tant role in case both partners are exposed. Be-
sides, it is necessary to take into account prob-
able negative responses (health outcomes) in
future offspring since they correlate with
working conditions of a mother with their etio-
logical fraction reaching 78 % [7-9]. An im-
portant difference is that some sensitive peri-
ods in the reproductive development (cycle)
and certain physiological conditions (preg-
nancy or breast-feeding a newborn) also de-
termine different reproductive outcomes and
don’t exclude their occurrence in a long-term
period after an exposure to a factor has ended
[4]. For example, when it comes down to the
chemical factor, it is known that specific toxi-
cants are hazardous in different periods in the
reproductive cycle as it will be clearly stated in
a marking provided for a specific substance”.

Based on literature data, all the responses
(outcomes) can be conditionally divided into
specific and non-specific damages. Specific
damages are such responses (outcomes) which
most probably occur due to a relative number

and a list of harmful factors as well as inten-
sity of their influence. Non-specific responses
(outcomes) develop due to weakened immune
resistance, deteriorated detoxification func-
tions, vegetative disorders etc.* [8—12]. Table 1
provides systemically organized data on re-
sponses (outcomes) represented by reproduc-
tive disorders caused by exposure to occupa-
tional and work-related factors. The systema-
tized responses allow for such criteria as
specificity of an outcome, sex-related peculi-
arities, different stages in the reproductive cy-
cle, and different physiological conditions.

But at the same time regulatory and me-
thodical documents determine only two nega-
tive reproductive outcomes as occupational
diseases; they are female genital prolapse
(N81) caused by hard physical labor (lifting
and moving heavy weights combined with a
forced working posture) and malignant neo-
plasms of female genital organs and breast
(C50—C58) caused by exposure to ionizing ra-
diation of chemicals”.

The stage when “exposure — response” re-
lationship is assessed involves determining
cause-effect relations between levels of expo-
sure to a factor and a probability (frequency)
of negative health responses (outcomes) in
workers. This allows spotting out quantitative
regularities in changeability. Epidemiological
criteria (RR > 1.5)° are usually applied to es-
tablish cause-effect relations between exposure
and negative changes.

> GOST R 58474-2019. Predupreditel'naya markirovka khimicheskoi produktsii. Obshchie trebovaniya: utv. i vved. v de-

istv. Prikazom Federal'nogo agentstva po tekhnicheskomu regulirovaniyu i metrologii ot 8 avgusta 2019 g. N 455-st (vstupaet v
silu s 01.06.2022) (vzamen GOST 31340-2013) [GOST R 58474-2019. Precautionary marking of chemical products. General
requirements: approved and introduced by the Order of the Federal Agency on Technical Regulation and Metrology dated
August 8, 2019 No. 455-st (comes into force on June 01, 2022) (to replace GOST 31340-2013)]. KODEKS: electronic fund for
legal and reference documentation. Available at: https://docs.cntd.ru/document/1200167657 (December 16, 2021) (in Russian).

* Metodicheskie rekomendatsii Ne 11-8/240-09. Gigienicheskaya otsenka vrednykh proizvodstvennykh faktorov i proizvodstven-
nykh protsessov, opasnykh dlya reproduktivnogo zdorov'ya cheloveka: utv. Departamentom Gossanepidnadzora RF 12.07.2002 [Me-
thodical guidelines No. 11-8/240-09. Hygienic assessment of harmful occupational factors and production processes which are hazard-
ous for reproductive health: approved by the Department of the RF State Sanitary Epidemiological Surveillance on July 12, 2002].
GARANT: information and legal support. Available at: https://base.garant.ru/4180225/ (December 16, 2021) (in Russian).

> Ob utverzhdenii perechnya professional'nykh zabolevanii: Prikaz Minzdravsotsrazvitiya Rossii ot 27.04.2012 N 417n [On
Approval of the list of occupational diseases: The Order by the RF Ministry for Public Healthcare and Social Development dated
April 27,2012 No. 417n]. KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/docu-
ment/902346847 (December 27, 2021) (in Russian).

®R 2.2.1766-03. Rukovodstvo po otsenke professional'nogo riska dlya zdorov'ya rabotnikov. Organizatsionno-metodi-
cheskie osnovy, printsipy i kriterii otsenki: utv. Glavnym gosudarstvennym sanitarnym vrachom, Pervym zamestitelem Ministra
zdravookhraneniya RF G.G. Onishchenko 24.06.2003 [R 2.2.1766-03. The Guide on assessment of occupational risks for work-
ers' health. Organizational and methodical grounds, principles, and assessment criteria: approved by G.G. Onishchenko, the RF
Chief Sanitary Inspector, the First Deputy to the RF Public Healthcare Minister on June 24, 2003]. Moscow, Rospotrebnadzor’s
Federal Center for Hygiene and Epidemiology, 2004, 24 p. (in Russian).
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Table 1

The list of reproductive disorders caused by exposure to occupational and work-related

factors [8—17]

Sex and a period
in the reproductive

Specific responses (outcomes) represented
by reproductive disorders

Non-specific responses
(outcomes) represented

cycle by reproductive disorders

— weaker fertilization or loss of it — disorders of menstrual function — non-specific inflamma-
(N91, N92, N94), female infertility (N97), untimely menopause (N95); |tory disorders of female
—non-inflammatory disorders of female genital tract (N§0—NO9S): pelvic organs (N60—N73,
endometriosis (N80); non-inflammatory disorders of ovary (N§83); N76,N77);
hyperplasia in uterus (N85); dysplasia and leukoplakia of cervix uteri
(N87-N88);

A woman

not pregnant

—neoplasms in female genital organs (D25-D28): uterine fibroid (D26);
— benign mammary dysplasia (N60);

— fermale genital prolapse (N81);

— malignant neoplasms of femal e genital organs and breast (C50-C58);
— disorders of population hormonal markers profile in urine during two
cycles to estimate ovarian dysfunction (LH, FSH, HCG in 100 women)
(E28);

A pregnant
woman

—unfavorable conception outcome — spontaneous abortion (O03), ec-
topic pregnancy (000), hydatidiform mole (O01), other abnormal prod-
ucts of conception (002), habitual aborter (N96), stillbirth (Z37); threat
of miscarriage (020.0);

— complications of an ex-
isting somatic pathology —
anemia of pregnant (099);
— pregnancy complications
— excessive vomiting in
pregnancy (021), gestosis
in the second half of preg-
nancy (010-016);

— premature delivery
(042, 060), abnormalities
of forces of labor (062);

Negative responses
(outcomes)
in offspring

— effects on a developing fetus — congenital malformations
(Q00—Q89), lesions of a fetus including those due to an occupational
injury, poisoning, or occupational disease (P00);

— physical (R20) and mental retardation (F80-F89), behavioral disor-
ders (F91-F92), malignant and benign neoplasms in the first and next
generations (D10-D36, C00-C97);

— fetus development disor-
ders — intrauterine hypoxia
(P20), slow fetal growth
and fetal malnutrition
(P05), certain conditions
originated in the perinatal
period (PO0-P96);

A breast-feeding
woman after
a recent childbirth

— lactation disorders (092);

A fertile man

— weaker fertilization abilities (gonadotropic, gonadotoxic effects
neiicteue) — male infertility (N46) due to decreased sperm concen-
tration in ejaculate, 2 min/ml and lower, lower sperm motility and
other deteriorated parameters of functional activity (sperm quality);
— endocrine disorders — changes in the population profile of male
hormones concentrations in blood serum (follicle-stimulating hor-
mone, luteinizing hormone, testosterone, prolactin in 3-time detec-
tion in 50—100 men);

— malignant neoplasms of testis (C62).

— sexual dysfunction
(F52).

A design of an epidemiological study
which is aimed at assessing reproductive
health risks can change depending on a type of
an examined outcome and a period when it
occurs. A cross-sectional study or a prevalence
study is preferable to assess risks of develop-
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ing diseases in women who are not pregnant or
in men since it usually describes health of a
workers’ group at a given moment of time
[18]. But if we want to assess risks of repro-
ductive disorders which occur in a certain pe-
riod of time after an exposure to an occupa-
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tional factor has ended both in women and
men and their offspring, we should use a case-
control study or case-referent study [19].

Risk characterization usually involves
calculating risk rates, assigning them into risk
categories, and detecting priority occupational
and work-related factors which cause OR.

The algorithm applied to quantify OR for
reproductive health include the following fun-
damental sequence:

— calculating probability, including addi-
tional one, that reproductive disorders would
develop in a test and a control group;

— calculating an OR of reproductive dis-
orders;

— calculating an integral OR of reproduc-
tive disorders;

— determining categories of OR rates and
assessing acceptability of OR for reproductive
health.

A probability that i-th reproductive disor-
der would develop (prd) in a test group (or
“case”) and a control group (“control”) is de-
termined by calculating frequency of such a
disorder as per the following formula 1:

prd' = nrd'/ NI, (1)
where Ny is a number of people with i-th re-
productive disorder in each group, N' is a
number of workers in each group.

An additional probability Prdag that i-th
reproductive disorder would develop in work-
ers is determined by calculating a difference
between probabilities of such a disease in a
test group Prd and in a control one Prg'ref
as per the formula 2:

(2)

A group risk of i-th reproductive disor-
der (R is calculated in analyzed groups as
per the formula 3:

Rid'= Prd'adda G, (3)
where Prd'agd is an additional probability that
i-th reproductive disorder would develop, G
is severity of outcomes caused by a reproduc-
tive disorder.

An integral risk allows for probable nega-

tive outcomes under exposure to a set of harm-
ful occupational and work-related factors. An

i _ i i
prd add — prd - prd ref
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integral risk caused by both occupational and
work-related reproductive disorders develop-
ing under exposure to harmful factors is calcu-
lated as per the formula 4:

igt:1—f[.(1—R‘d).

Risks are assigned into different risk
categories as per the criteria suggested in the
work by N.V. Zaitseva [3]. Negligible and
low occupational risks are considered to be
acceptable.

Severity of outcomes caused by an expo-
sure to a harmful factor is a risk-characterizing
determinant. It is advisable to determine sever-
ity of outcomes caused by variable responses
(effects) of reproductive health using coefficient
values recommended by the WHO [20, 21].
However, bearing in mind that the same out-
comes can potentially be significant not only
for workers but also for their offspring (a possi-
bility to have any offspring), we suggest using
“fertility loss™ as a basic indicator. Its value is
determined based on data about duration of a
fertility period and a period during which all the
attempts to conceive a child have failed. Thus,
in case a man or a woman has completely lost a
possibility to conceive a child, “fertility loss” is
recommended to be taken as equal to 1; if this
loss is only partial, it is necessary to calculate
its value. Necessary data can be provided by
social surveys or taken from clinical case histo-
ries. We should note that the final assessment
takes into account all detected risks, both for
exposed workers and outcomes for their oft-
spring together with selecting the priority
(maximum) risk level.

Therefore, when assessing reproductive
risks, it is necessary to take into account sex-
specific peculiarities, sensitive periods in the
reproductive cycle, different physiological
states, as well as health disorders in offspring
caused by parental occupational exposures.
Risk quantification involves taking into ac-
count an additional probability of developing
disorders and their severity. Results produced
by epidemiological studies are suggested as
grounds for such quantitative risk assessment.
Epidemiological studies can have various de-

(4)
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signs depending on a type of an examined out-
come and a period of its occurrence. A certain
peculiarity of assessment which concentrates
on severity of outcomes is its focus being not
only on health losses borne by potential par-
ents but also on damage caused by declining
birthrates and developing disorders and dis-
eases, including congenital ones, in children.

The suggested algorithm was tested on the
results produced by a study which focused on
gynecological morbidity, fertile functions, and
pregnancy outcomes in women employed at a
petrochemical production (chemical engineers,
chemical analysts, samplers, etc.) [5]. Working
conditions at their workplaces corresponded to
hazard category 3.1 (hazardous, class 1).
These conditions occurred due to a combined
exposure to chemical factors (saturated, un-
saturated, aromatic hydrocarbons and their de-
rivatives, vapors of fatty acids and spirits,
phenol, non-organic toxic compounds of car-
bon, sulfur, nitrogen, etc.) and labor intensity
(work was organized in three shifts).

Table 2 provide initial data on the fre-
quency of negative responses (outcomes) from
women’s reproductive health taking into ac-
count the reproductive cycle as well as epide-
miological criteria (relative risk, RR; etiologi-
cal fraction, EF) which confirm intensity of a
correlation between a pathology and harmful
occupational factors.

We determined an additional probability
of each response (Table 3) using data on fre-
quencies of reproductive losses borne by fe-
male workers employed at a petrochemical
production in the test and reference group.

Reproductive risks were calculated and
assessed bearing in mind severity of estab-
lished health outcomes; the results are given in
Table 3.

We established that a risk of infertility
amounted to 4-10* for female workers em-
ployed at a petrochemical production during a
period in the reproductive cycle when they
were not pregnant. This risk was classified as
“low” whereas a risk of menstrual function

Table 2

Frequencies of negative responses from reproductive health of women employed
at a petrochemical production and epidemiological criteria

A per10('1 in the Disease (ICD-10 code) Frequency of RR EF. % Intensity 'of
reproductive cycle a response a correlation
Menstrual function disorders (N91,N92,N94) | 27.1+1.9 43 79.6 Very high
A woman Benign neoplasms .
notpregnant  |(D25-D28) 18.7+1.7 2.5 60.0 High
Female infertility (N97) 94+13 2.2 54.5 High
A preenant woman Threat of miscarriage (020.0) 419+27 1.6 37.5 Average
pregh Gestosis in the 2" half of pregnancy (010-016) | 48.9+2.7 1.9 474 Average
Offspring Intrauterine hypoxia (P20) 39.1+£2.6 5.2 80.8 Very high
Table 3

Results produced by calculating reproductive risks for female workers employed
at a petrochemical production

A period in the

reproductive cycle Disease (ICD-10 code) Prdacd G R Risk category
A woman Menstrual function disorders (N91, N92, N94) 0.208 0.011 2 10’2 Moderate
not pregnant Benign neoplasms (D25-D28) 0.112 0.011 1107 Moderate
Female infertility (N97) 0.051 0.008 410" Low
A pregnant woman Threat of miscarr(iiage (020.0) 0.157 0.008 1-10° Moderate
Gestosis in the 2™ half of pregnancy (010-016)| 0.232 0.049 1.1-10° Average
Offspring Intrauterine hypoxia (P20) 0.316 0.01 310 Moderate

Note: Prdadis an additional probability of i-th reproductive disorder; G'is severity of an outcome caused by
a reproductive disorder; R is a risk level of a developing i-th reproductive disorder.
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disorders and developing benign neoplasms
rose up to being “moderate” and amounted to
2:107 and 1-10~ accordingly. We established
that pregnant woman were exposed to a
“moderate” risk of developing disorders
which threatened normal course of a preg-
nancy (1-107) and an “average” risk of gesto-
sis during the second half of a pregnancy
(1.1-107). Since we didn’t detect any ODs
causing reproductive losses, we assumed that
the integral risk for women’s reproductive
age was created only by WRDs and amounted
to 1.6:107 (“average” risk).

As we noted earlier, occupational factors
which parents (mothers) are exposed to have a
correlation with development of healthy off-
spring. In our example a direct response from
offspring is intrauterine hypoxia with its risk
being “moderate” (3-10°).

Besides, certain occupational gyneco-
logic diseases of a mother can have some in-
fluence on offspring’s health. Thus, bearing
in mind “fertility loss” indicator which should
be considered equal to 1 in case of infertility,
severity of health outcomes for offspring is
also taken as equal to 1. Consequently, a risk
rate rises and a risk becomes “high” (5-107%)
whereas it was only “low” for a woman her-
self. The ultimate assessment should be based
on selecting the priority risk rate, that is, the
health risk is “high”.

Therefore, the results produced by test-
ing the suggested methodical approaches to
assessing reproductive risks indicate that
working conditions at workplaces of female
workers employed at a petrochemical pro-
duction create unacceptable health risks both
for women themselves (menstrual function
disorders, developing benign neoplasms, un-
favorable course of a pregnancy) and their
offspring.

Discussion. The methodology for assess-
ing OR has several key points; they are top

priority assigned to safety, exposure assess-
ment based on using the most relevant meas-
urement techniques, and sticking to the correct
order of stages in assessment’. We substanti-
ated the necessity to take into account sex-
related differences, sensitive periods in the re-
productive cycle, and different physiological
conditions when assessing reproductive risks.
It 1s also important to remember that certain
health disorders in offspring can be caused by
parental occupational exposures.
Unfortunately, specific assessment of
working conditions (a priori assessment)
doesn’t involve assessing workers’ health or
severity of probable health outcomes; as for
semi-quantitative assessment, it focuses solely
on those ODs which are proven to be related to
a specific occupation. Given that, we have sug-
gested new approaches to quantifying health
risks which allow for an additional probability
of health disorders and their severity.
Quantitative risk assessment should be
based on results produced by epidemiological
studies which establish and prove cause-effect
relations between a health outcome and an oc-
cupational factor. These studies may have dif-
ferent design depending on a type of an exam-
ined reproductive disorder and a period of time
when it occurs. Assessment of outcome sever-
ity has a peculiarity which is its focus being
not only on health losses born by potential
parents but also damage caused by declining
birthrates and developing disorders and dis-
eases in offspring, including congenital ones.
According to the Order by the RF Ministry for
Public Healthcare and Social Development
No. 1607, such reproductive health disorders as
“abortion” and “loss of reproductive functions
and ability to procreate” are considered to be
severe damage (severe health outcomes).
However, the Order doesn’t provide any quan-
tification to assess them. Therefore, we rec-
ommend using the coefficients developed by

7Ob opredelenii stepeni tyazhesti povrezhdeniya zdorov'ya pri neschastnykh sluchayakh na proizvodstve: Prikaz
Minzdrava i sotsial'nogo razvitiya RF ot 24.02.2005 Ne 160 [On determining severity of damage to health caused by an occupa-
tional injury: The Order by the RF Ministry for Public Health and Social Development issued on February 24, 2005 No. 160].
KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/901927104

(December 27, 2021) (in Russian).
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the WHO to assess severity of outcomes for
reproductive health [20, 21]. We suggest using
“fertility loss” as an indicator which helps de-
termine severity of outcomes for offspring
(a possibility to procreate). The indicator is
calculated based on a duration of a fertility pe-
riod and a period during which all the attempts
to conceive a child have failed. It should be
noted, that a reduction in a fertility period can
be a deliberate choice made by a woman (con-
traception) and this, in its turn, creates an un-
certainty in assessing severity of outcomes for
offspring.

The results produced by testing the sug-
gested approaches give an opportunity to de-
tect an unacceptable occupational risk caused
by chemical factors and labor intensity for
reproductive health of women employed at a
petrochemical production. The highest health
risk for female workers was associated with
developing gestosis during the 2™ half of
pregnancy (moderate occupational causation);
moderate health risks were associated with
developing disorders of the menstrual func-
tion (very high occupational causation), be-
nign neoplasms (high occupational causation)
as well as threat of miscarriage (average oc-
cupational causation). We detected a moder-
ate risk for offspring’s health associated with
intrauterine hypoxia (very high occupational
causation) and a high risk associated with in-
fertility (high occupational causation). Occur-
rence of such negative outcomes is quite
probable and is explained with data available
in literature. For example, benign neoplasms
are assumed to develop under exposure to
harmful working conditions which don’t cor-
respond to adaptation capabilities of a female
body. Changes in the hormonal status and
subsequent disorders of the menstrual func-
tion as well as infertility can be caused by
chronic occupational stress (or labor inten-
sity) and inhalation exposure to chemicals

[10]. Chemicals which are used in production
operations include saturated aromatic hydro-
carbons, toxic carbon compounds, and vapors
of various spirits. They exert negative influ-
ence on development thus creating unaccept-
able risks for offspring®. Obviously, the situa-
tion requires immediate actions aimed at
elimination these risk factors. To do that, we
can recommend using an algorithm for man-
aging occupational risks for the reproductive
system developed by experts from N.F. Iz-
merov’s Scientific Research Institute for Oc-
cupational Medicine.

Conclusions:

1. Quantitative assessment of occupa-
tional health risks involves taking into ac-
count an additional probability of developing
disorders and their severity. When assessing
occupational risks for reproductive health, it
is advisable to pay attention to sex-related
peculiarities, sensitive periods in the repro-
ductive cycle, different physiological condi-
tions, as well as occupational causation of
health outcomes in offspring caused by paren-
tal exposures.

2. The suggested methodical approaches
involve epidemiological research with its re-
sults giving grounds for assessing an addi-
tional probability of developing reproductive
disorders (a difference between a probability
of negative health outcomes in test and control
groups); determining OR rates as regards re-
productive disorders; determining an integral
OR of reproductive disorders; assigning occu-
pational risks into risk categories and assessing
acceptability of reproductive OR rates.

3. It is suggested to determine severity of
responses (outcomes) for reproductive health
and an indicator which describes a risk and is
necessary to quantify it by using coefficients
recommended by the WHO, in particular, “fer-
tility loss” indicator since it is significant for
assessing severity of outcomes for offspring.

8 R 2.1.10.1920-04. Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh veshchestv,
zagryaznyayushchikh okruzhayushchuyu sredu: utv. Pervym zamestitelem Ministra zdravookhraneniya RF, Glavnym gosu-
darstvennym sanitarnym vrachom RF G.G. Onishchenko 05.03.2004 [Guide R 2.1.10.1920-04. Human Health Risk Assessment
from Environmental Chemicals: approved by G.G. Onishchenko, the RF Chief Sanitary Inspector, the First Deputy to the RF
Public Healthcare Minister on March 5, 2004]. Moscow, Rospotrebnadzor’s Federal Center for Hygiene and Epidemiology,

2004, 143 p. (in Russian).
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4. An integral risk of reproductive losses
caused by harmful occupational and work-
related factors covers both occupational and
work-related diseases. Moreover, in cases
when detected risks concern not only exposed
workers but their offspring as well, it is rec-
ommended to select the priority (maximum)
risk rate as the ultimate assessment result.

5. We tested the methodical approaches on
a group of women employed at a petrochemical
production and exposed to such harmful occu-
pational factors as chemicals and labor intensity
which allowed ranking working conditions at
their workplaces as belonging to hazard cate-
gory 3.1. The testing results revealed that the
integral risk for their reproductive health
amounted to 1.6:107 thus indicating that the
group risk was unacceptable. We detected such

probable negative health outcomes as disorders
of the menstrual function, developing benign
neoplasms, and unfavorable course of preg-
nancy. Besides, when a mother is exposed to
the examined occupational factors, this creates
an unacceptable health risk for offspring, in par-
ticular, a risk of intrauterine hypoxia (3-107).
Such a reproductive disorder as infertility cre-
ates “low” risks for a woman whereas the risk
rate grows up to “high” risk when it comes to
potential offspring. The ultimate assessment
result is selecting the maximum risk rate, that
is, the ‘high” risk for offspring’s health.
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CONTEMPORARY ASPECTS IN CONTROL OVER RESISTANT TO ANTIBIOTICS
MICROBIAL CONTAMINANTS OF FOOD, TAKING INTO ACCOUNT
PECULIARITIES OF RELATED HEALTH RISK ASSESSMENT. PART 1

S.A. Sheveleva, Yu.V. Smotrina, I.B. Bykova

The Federal Research Center of Nutrition and Biotechnology, 2/14 Ust’inskii passage, Moscow, 109240,
Russian Federation

Antimicrobials are widely used in agriculture to prevent and treat diseases and to stimulate growth of food-producing
animals. However, this induces developing antimicrobial resistance among animal bacteria, and this resistance is then
transmitted along food chains and spreads in the environment. It is commonly accepted at the moment that effective meas-
ures should be taken to contain it in food production, to prevent it from spreading on the global scale and to minimize re-
lated negative health outcomes. This can be achieved, among other things, due to intensifying inter-branch interactions.

This review aimed to consider contemporary aspects in preventing development of antimicrobial resistance in micro-
organisms that contaminate raw materials and processed food products; to dwell on how the issue is controlled in food pro-
duction both in Russia and abroad; to focus on trends and prospects of devel oping new effective measures in the sphere.

The review involved analyzing domestic and foreign regulatory and legal documents concerning prevention of antim-
icrobial resistance and analysis of related risks, generalizing and analyzing latest scientific research works published in
reference databases including Web of Science, Scopus, PubMed, Google scholar.

As a result, we described the experience accumulated in organizing monitoring over prevalence of antimicrobial resis-
tance in foreign countries, to generalize international recommendations as well as regional and national ones on monitoring
over microorganisms that are resistant to antimicrobials, and to highlight practical activities aimed at preventing occur-
rence and spread of antimicrobial resistance in food production. We substantiated certain peculiarities of related health risk
assessment, namely, occurrence of genetic determinants of antimicrobial resistance and antibiotic residues in food together
with resistant microorganisms. We also formulated basic principles of organizing and conducting monitoring over antim-
icrobial resistance in food chains (with the focus on antimicrobial medications that are crucially important in medicine).
These principles can be applied in the Russian Federation within programs aimed at preventing antimicrobial resistance.

Key words: antimicrobial resistance, antimicrobial veterinary medications, monitoring over antimicrobial resistance,
sub-inhibitory doses of antimicrobials, food safety, harmful factors related to antimicrobial resistance, markers of antim-
icrobial resistance in food, antibiotic residues, genes of antimicrobial resistance in food isolates, food isolates with antim-
icrobial resistance.

Annually approximately 500,000 people vent zoonotic agents from becoming resistant
die due to antimicrobial resistance all over the as a response to antimicrobial use in veteri-
world [1]. nary; a lot is done to prevent incidence among

Multiple efforts have been made recently, population caused by this resistance. The
both at the international and local level, to pre- Global Action plan on antimicrobial resistance
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which was approved on the 68" WHO General
Assembly introduced “One Health” inter-
brunch approach. This approach involves im-
plementing complex activities aimed at fight-
ing the phenomenon both in healthcare and
agriculture. There are several directions within
it including monitoring over resistance of cir-
culating agents, prevention of infections, ra-
tional antimicrobial use and implementation of
alternatives to antimicrobials, etc. The WHO
and FAO approved on several policy docu-
ments for supporting actions taken in different
countries in agriculture, including the Guide-
lines on use of medically important antimicro-
bials in food-producing animals and the FAO
Action plan on antimicrobial resistance 2016—
2020 [2, 3].

In 2017 the Strategy for preventing spread
of antimicrobial resistance for the period up to
2030 was adopted in the Russian Federation.
The document fixes the necessity to examine
prevalence of antimicrobial resistance, develop
relevant legislation in due time and implement
activities aimed at containing it in food pro-
duction'. At the same time Rospotrebnadzor
and FAO started a joint project aimed at assist-
ing their partner states in the Eastern Europe
and Central Asia in developing national strate-
gies and action plans on fighting against an-
timicrobial resistance’. The primary tasks of
the project are to enhance a country potential
regarding monitoring over pathogen resistance
and to organize systems for laboratory control
over this resistance regarding food products
with the major project reference center to be
located in Russia.

All the aforementioned strategies are un-
doubtedly justified, first of all, with respect to
food products being the primary object under
surveillance since basic quantities of environ-

mental contaminants (up to 70 %) enter the
body with food and resistance is known to be
the most important attribute of microbial con-
taminants. Control over it in various pathogens
is vital since it is necessary to minimize above-
mentioned outcomes of foodborne toxico-
infections (FBTIs) and to search for effective
therapy.

However, we should point out that fight-
ing against antimicrobial resistance in food-
borne bacteria is primarily aimed at preventing
its occurrence and spread along food chains as
well as its transmission to gut microbiota [2,
3]. Monitoring which is limited to pathogens
(in most countries they are predominantly
Salmonella in raw foods) can’t give a clear
picture of the examined phenomenon even if it
is well-organized and efficient. Population ex-
posure to non-pathogenic potential resistance
transmitters in cooked foods is much higher
than that covered by such monitoring and
therefore should be estimated as per relevant
indicators.

This example provides clear evidence that
certain weak spots can be detected already at
an initial stage in developing and implement-
ing activities aimed at fighting antimicrobial
resistance. Accordingly, it is necessary to con-
stantly apply logical thinking to understand the
problem better, to adjust measures and to har-
monize them with the best available practices
if we want to enhance surveillance over antim-
icrobial resistance in every country all over the
world.

Aim. This review aimed to consider con-
temporary aspects in containing and control-
ling antimicrobial resistance in microbial con-
taminants in food as well as trends and pros-
pects of developing effective measures in the
sphere.

! Strategiya preduprezhdeniya rasprostraneniya antimikrobnoi rezistentnosti v Rossiiskoi Federatsii na period do 2030
goda: utv. rasporyazheniem Pravitel'stva Rossiiskoi Federatsii ot 25.09.2017 Ne 2045-r [The Strategy for preventing spread of
antimicrobial resistance in the Russian federation for the period up to 2030: approved by the RF Government Order on Septem-
ber 25, 2017 No. 2045-r]. GARANT: the information and legal portal. Available at: https://www.garant.ru/products/ipo/pri-

me/doc/71677266/ (November 29, 2021) (in Russian).

20 realizatsii rasporyazheniya Pravitel'stva Rossiiskoi Federatsii ot 03.02.2017 Ne 185-r: Prikaz Federal'noi sluzhby po
nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka ot 26.02.2018 Ne 97 [On implementation of the RF Gov-
ernment Order dated February 03, 2017 No. 185-r: The Order by the Federal Service for Surveillance over Consumer Rights
Protection and Human Wellbeing issued on February 26, 2018 No. 97]. KODEKS Auvailable at: http://docs.cntd.ru/

document/551223268 (November 29, 2021) (in Russian).
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Materials and methods. The review in-
volved analyzing domestic and foreign regula-
tory and legal documents specifying how to
contain antimicrobial resistance and analyze
related risks. We generalized and analyzed lat-
est scientific research works published in
2005-2021 in reference databases including
Web of Science, Scopus, PubMed, and Google
scholar. We searched for literature sources us-
ing the following key words: antimicrobial re-
sistance, food isolates resistant to antimicrobi-
als, antimicrobials in forage, veterinary antim-
icrobials, monitoring over antimicrobial
resistance, horizontal transfer of antimicrobial
resistance genes, sub-inhibitory doses of an-
timicrobials.

To organize an activity: what is neces-
sary for its effectiveness? The first step in im-
plementing activities against antimicrobial re-
sistance in any country is to develop and adopt
a national action plan. The RF Government
approved a middle-term action plan for 2019—
2024 within the Strategy for preventing spread
of antimicrobial resistance for the period up to
2030°. Given specific tasks on fighting against
resistance in food chains, two sets of measures
were included into the plan; they were aimed
at preventing both its occurrence and spread.
The first set is aimed at developing a regula-
tory base in the short-term (prohibiting use of
veterinary antimicrobials with non-therapeutic
purposes or use of medications not included in
sanctioned lists as well as stricter regulation of
such substances in forage production). Non-
therapeutic use means that healthy animals are
fed with forages which contain antimicrobials
in low doses; though, it is still permitted to ap-
ply antimicrobial prevention in intensive ani-

mal farming when there is a danger of a mass
infection among cattle and poultry.

The second set is aimed at preventing and
containing circulation of infectious agents
which have antimicrobial resistance. The key
component here is organizing and conducting
monitoring over antibiotic residues in food raw
materials and food products and resistance of
bacteria isolated from animals, raw materials
and food products; this monitoring can also be
conducted within international cooperation.
According to the plan, a unified inter-
departmental database is to be created with
participation by the RF Public Healthcare Min-
istry, Rospotrebnadzor, and other concerned
federal executive authorities. This database
will contain data on prevalence of antimicro-
bial resistance. Other important steps are to
optimize and standardize methods applied to
monitor microbial resistance. These tasks are
being tackled at the moment and there are two
active platforms: AMRmap® in medicine and
AMRCloud’ in veterinary medicine.

In 2021 the plan envisaged creating a list
of veterinary antimicrobials with limitations on
their use including in food-producing animals.
We should note that similar lists created by the
WHO and EU contain, for example, chloram-
phenicol, nitrofuranes, and metronidazole® [4],
whereas these important provisions have been
approved on in the RF for the first time only
recently and after a long-term discussion.

At the same time there are very few con-
crete data in the plan on interdepartmental in-
teractions in RF regions and terms are not
specified (2019-2024). This will require cer-
tain adjustments to provide implementation of
actual activities.

30b utverzhdenii plana meropriyatii na 2019-2024 gg. po realizatsii Strategii preduprezhdeniya rasprostraneniya an-

timikrobnoi rezistentnosti v RF na period do 2030 g.: rasporyazhenie Pravitel'stva RF ot 30.03.2019 Ne 604-r [On Approval of
the action plan for the period 2019-2024 on implementing the Strategy for preventing spread of antimicrobial resistance in the
Russian Federation for the period up to 2030 dated March 30, 2019 No. 604-r]. The RF Government. Available at:
http://government.ru/docs/36320/ (November 29, 2021) (in Russian).

* AMRmap: online platform for analyzing data on antimicrobial resistance in Russia. Available at: https:/amrmap.net/
(November 24, 2021).

> AMRcloud: web platform for analysis and sharing of AMR surveillance data. Available at: https://amrcloud.net/en/ (No-
vember 29, 2021).

8 Reglament Evropeiskoi Komissii 37/2010 ot 22.12.2009 o farmakologicheski aktivnykh veshchestvakh i ikh klassifi-
katsii v otnoshenii maksimal'no dopustimykh ostatkov v pishchevykh produktakh zhivotnogo proiskhozhdeniya [Commission
Regulation (EU) No. 37/2010 of 22 December 2009 on pharmacologically active substances and their classification regarding
maximum residue limits in foodstuffs of animal origin]. Saratov, IPR media, 2019, 144 p. (in Russian).
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As the action plan was being discussed
and approved by the RF Federal Assembly, the
senators adopted several legislative initiatives
for the highest federal executive authorities.
Thus, the RF Public Healthcare Ministry was
given a task to create a federal system for
monitoring over resistance of the leading in-
fectious agents causing human infections. The
system 1is to be created on the basis of a net-
work comprising local centers (laboratories at
medical and prevention organizations) in RF
regions with its methodical verification center
located in Smolensk Medical University. The
Ministry will also be responsible for providing
finance and material and technical support for
these centers. This initiative fixes and en-
hances the potential of the former federal sci-
entific and methodical center for monitoring
over antimicrobial resistance which was previ-
ously created by the Ministry in 2015 and pro-
vides the logistics for the national database on
antibiotic resistance and control over it in
clinical medicine”®.

However, no similar decisions have been
made with respect to monitoring over non-
clinical strains, first of all, foodborne ones.
The federal executive authorities who are re-
sponsible for the sphere are to develop a
proper scientific-methodical and regulatory
base. Thus, Rospotrebnadzor should develop
relevant clinical recommendations and harmo-
nize them with the existing clinical recom-
mendations on determining antimicrobial sen-
sitivity of bacteria isolated from food products
and food raw materials. These recommenda-
tions should be based on using epidemiologi-
cal boundary values of strain sensitivity esti-
mation. The RF Agricultural Ministry is to de-
velop unified veterinary rules for use of
veterinary antimicrobials in animal farming’.

We remember that all the aforementioned
documents are significant; still, their develop-
ment is only a step in a whole set of activities
aimed at creating a necessary system in the
country for control over antimicrobial resis-
tance which is transmitted with food. In all
developed countries such transmission is given
the same attention as clinical one due to objec-
tively higher volumes of antimicrobials used in
contemporary food production. Thus, the
WHO Advisory Group on Integrated Surveil-
lance of Antimicrobial Resistance (AGISAR)
provides data on how antibiotics are distrib-
uted in the world and thereby indicates that
ratio of hospital purchases and chemists’ sales
to purchases by manufacturers using antibiot-
ics in food-producing animals and plants is
20 % : 80 %. When recalculated per 1 kg of a
standardized body mass of an ultimate con-
sumer, 1.5 times higher volumes of such
medications are sold to be used in animal
farming than in treating people [5].

Therefore, given the selective exposure to
antibacterial medications from all possible
sources, occurring resistance determinants un-
avoidably penetrate the environment and are
involved into the joint circulation (Figure) [6].

This situation calls for counteractions in
two directions, by imposing limits on use of
antimicrobials and making it rational in all
possible spheres and by breaking paths of
resistance spreading in the environment, in-
cluding food chains as the objects being the
most susceptible to contamination. The most
effective way is to combine efforts by all
concerned parties, to create a common data-
base on preparations applied in medicine and
veterinary medicine and on resistant isolates,
and to coordinate all the activities from a
common center.

7 Antibiotikorezistentnost’ v Rossii: rasprostranennost' i zakonodatel'nye initsiativy v reshenii problem: reshenie
zasedaniya Ekspertnogo soveta po zdravookhraneniyu Komiteta SF po sotsial'noi politike ot 03.07.2018 Ne 3.8-13/1616 [Anti-
biotic resistance in Russia: prevalence and legislative initiatives on finding solutions to the related issues: the decision made at
the meeting by the Expert Council on Public Healthcare of the Federal Assembly Committee on social policy dated July 3, 2018
No. 3.8-13/1616]. The National Association of experts on infection control. Available at: http://nasci.ru/?id=4261 (November

29, 2021) (in Russian).

80 federalnom nauchno-metodicheskom tsentre monitoringa rezistentnosti k antimikrobnym preparatam: Prikaz
Minzdrava Rossii ot 03.06.2015 Ne 302 [On the federal scientific-methodical center for monitoring over antimicrobial resis-
tance: the Order by the RF Public Healthcare Ministry issued on June 03, 2015 No. 302]. KODEKS Available at:
https://docs.cntd.ru/document/420281390 (November 29, 2021) (in Russian).
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Figure. Circulation of resistance determinants in the environment

In our country, there are monitoring activi-
ties regarding antimicrobial resistance in bacte-
ria circulating in various environmental objects,
including the food chain, but this monitoring
cannot yet be considered systematized.

Laboratory services existing at medical
organizations deal with strains which spread
from sick people and objects in in-patient hos-
pitals but their target microbes are those which
cause suppurative infections or so called
Healthcare-Associated Infections (HAIs) and
they don’t usually pay any attention to agents
causing FBTIs. And we should remember that
nosocomial enteric bacteria acquire the highest
resistance to semi-synthetic penincillins and
3d_g4h generation cephalosporins (from 75 to
98 % strains), as well as to 3" generation
fluoroquinolones (70 %) [7].

Regional veterinary laboratories analyze mi-
croorganisms isolated from sick and dead animals
at animal farms. According to data provided by

Rossel’khoznadzor (the Federal Service for Vet-
erinary and Phytosanitary Surveillance) in 2012
50-90 % of E.coli, Salmondla, Enterococcus
Sop. were highly resistant to tetracyclines,
chloramphenicol, furazolidone; there was also
growing resistance of Salmonella spp. to ampicil-
lin, doxycillin, streptomycin, ciprofloxacin and
norfloxacin in comparison with 2009.

Isolates of nontyphoidal salmonella from
people and environmental objects, including
food, are examined in Rospotrebnadzor’s na-
tional reference center. In 2017 isolates turned
out to be resistant in 58.5 % cases overall, in-
cluding 93 % cases among S infantis; S. typhi-
murium, 69 %; S enteritidis, 47.5 %. 4 % of
strains were resistant to 10 and more medica-
tions. Predominantly, isolates were resistant to
cefurotoxime (44 %), cefalotin (29 %), ticarcil-
lin (16 %), amoxicillin (15.5 %), piperacillin
and tucarcillin / clavulanic acid (15 % each),
cefotaxime (12 %) and co-trimaxozole (11 %)’.

? 0 sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2017 godu: Gosu-
darstvennyi doklad [On sanitary-epidemiologic welfare of the population in the Russian Federation in 2017: The State Report].
Rospotrebnadzor, 2018, 268 p. Available at: https://www.rospotrebnadzor.ru/documents/details.php? ELEMENT ID=10145

(November 29, 2021) (in Russian).
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Since 2018 monitoring over antibiotic
residue and resistance of bacteria isolated from
food raw materials and food products has been
conducted by a reference center organized
within the above-mentioned international pro-
ject at Rospotrebnadzor’s Central Scientific Re-
search Institute for Epidemiology”. By the be-
ginning of 2019, experts created profiles of
1068 pathogenic strains (Salmonella spp., S
aureus, L. monocytogenes) isolated from food
samples which were selected in 7 different food
product groups with elevated total microbial
contamination [8]. 42.7 %, 38.7 % and 18.6 %
strains accordingly turned out to be resistant.

Non-pathogenic food isolates are not
monitored in the RF. There are data in scientific
publications that coliform bacteria and entero-
cocci occurring in qualitative domestic milk
and meat products have some resistance to an-
timicrobials which varies from 10 to 90 %. En-
terococci resistant to ciprofloxacin are detected
in 80-90 % cases. Klebsiella and E. coli with
multi-resistance (up to 8 antibiotics) are de-
tected in 17.4 % cases [9, 10]. Campylobacteria
in poultry meat are practically totally resistant
to 3" generation fluoroquinolones (96 %),
highly resistant to tetracyclines (88 %) and
semi-synthetic penicillins (57 %) [11].

Obviously, in the RF resistant strains pre-
vail not only in clinical environment but also in
food chains and antimicrobial resistance is de-
tected for clinically important antimicrobials of
the latest generations. But even if we have this
latest data, we still can’t get a clear picture of
resistance as a whole and any effects produced
by the introduced measures. The reason is that,
apart from separate monitoring activities in dif-
ferent spheres, there is no common functional
network comprising local centers for control
over non-clinical isolates. There aren’t any de-
cisions either on how to provide such centers
with financial and logistic support.

So, we generalized international recom-
mendations and experience accumulated by
regional and national systems for monitoring
over antimicrobial resistance [3, 12, 13]. As a
result, we were able to formulate optimal prin-
ciples for monitoring over it in food chains at
the national level:
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e aim: to protect human and animal health
by managing risks and minimizing resistance
in zoonotic agents, commensal and techno-
logical microorganisms as well as by selecting
effective therapies;

e interdepartmental interactions and coor-
dination by a national reference center(s);

e taking samples of strains alongside the
whole food chain: healthy and sick animals,
forages, food raw materials and food products,
sick people (consumers);

e standardized sampling protocols;

e sampling design and criteria which con-
form to validity requirements;

e target strains: pathogenic bacteria which
cause food-borne infections, non-pathogenic
microorganisms (gut microbiota, biotechno-
logical microorganisms);

e strain identification down to genus /
species;

e determining phenotypic sensitivity of
strains to antimicrobials using standardized
techniques;

e systemic control over research quality;

euse of common and harmonized as-
sessment criteria (boundary values) for mini-
mal inhibitory concentrations (MIC) and zones
where a growth in quantities of “epidemiologi-
cal” bacteria could be slowed down;

e identifying determinants, nature and
mechanisms of antimicrobial resistance using
reproducible analysis techniques, including
molecular and genetic ones;

e storage of original strains in cryobanks
for further studies focusing on resistance
mechanisms;

e participant confidentiality, transparent
and well-mapped results, effective partnership,
and validated approaches.

Practices applied in well-organized moni-
toring systems in different countries highlight
the significance of simultaneous surveillance
over a range and quantities of antimicrobials
used both in people and animals. This is done
by collecting data on sales on the national
level, observations over use of medications at
hospitals and animal farms as well as by direct
control over their residues in forages and
manufactured products [5, 13].
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When a system is integrated in such a
way, it fully corresponds to tasks set within
“One Health” approach. Comparing data on
resistance which come from different sources
provides competent authorities with a whole
number of opportunities to assess and manage
risks at the national level. Among other
things, this allows making correlations be-
tween data on antimicrobial use and resis-
tance in different socioeconomic sectors,
identifying emerging risks of antimicrobial
resistance, prioritizing these risks along food
chains (which sector? which bacteria? what
resistance? which products?) and creating an
authentic database for developing specific
policies and effective measures.

The European antimicrobial resistance
monitoring for zoonotic and indicator bacteria
of animal, human, and food origin that started
in 2005 is in line with most aforementioned
principles. In 2017 a new action plan was
adopted with its focus on fighting this resis-
tance and its basic motto being “turning the
EU into a region with best applied practices”.
The Action plan includes more than 75 spe-
cific tasks. The focus is on intensified re-
search, development, and innovations, finding
new solutions and instruments to prevent and
treat infections as well as better diagnostics of
resistance prevalence. A whole section is de-
voted to intensifying efforts on developing
global measures and reducing risks related to
resistance all over the world.

In 2019 the UN Secretary-General Anto-
nio Gutterres made a statement stressing out
that integration was crucially important in
fighting against antimicrobial resistance. The
statement was made on the 73rd session of the
UN General Assembly summarizing all the
efforts on implementing national action plans
and measures taken to implement the political
declarations made on the high-level meeting in
2015. It was said that “Along with the human
health sector, the full engagement of the ani-
mal and plant health and environmental sectors
through a “One Health” approach and a func-
tional multisectoral coordination mechanism
are urgently needed in each country; national
action plans should be reviewed to reflect a
comprehensive “One Health” approach” [14].
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To sum up all these data, we can con-
clude that it is urgent to implement integral
assessment of microbial resistance in Russia,
not only in the clinical sphere but also in food
production. To do that, legislative initiatives
are required immediately; they should provide
support for inter-brunch interactions by creat-
ing an interdepartmental structure with a co-
ordination scientific-methodical center and a
network comprising local monitoring centers.

Risk-based approach in global fighting
againgt resistance in food production and dis-
tribution. In 2018 the second intergovernmental
target group was created by Codex Alimentarius
Commission as a response to growing attention
paid to threats for public health imposed by an-
timicrobial resistance. Its major task was to de-
velop science-based guidelines on coordinated
management of antimicrobial resistance along
the whole food chains [15]. The RF participates
in both parts of this project which concentrate on
revising the Code of practice to minimize and
contain antimicrobial resistance in food products
(CAC/RCP 61-2005) and developing the Guide-
lines on integrated monitoring and surveillance
over food-borne antimicrobial resistance.

CAC/RCP 61-2005 is being actively re-
vised by remote work teams with 41 EU coun-
tries and regions participating in the process.
The document should provide grounds for de-
veloping measures aimed at reducing risks of
resistance transmission with food. These meas-
ures can be implemented by any country within
its national strategies on antimicrobial resis-
tance taking its priority and capabilities into
account and during a reasonable period of time.
At present, 3 stages out of total 8 planned to be
considered have been completed [16].

This code of practice is an integral part of
risk analysis regarding foodborne antimicrobial
resistance; it focuses on managing risks. All
instructions on relevant measures and practices
along food chains included into it are based on
risk assessment and analysis [17]. These in-
structions cover such areas as responsible and
reasonable production, registration, sale, deliv-
eries, prescription, and use of antimicrobials in
animal farming, aquaculture, plant growing as
well as forages. They also provide guidance on
how to contain development and spread of re-
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sistant microorganisms, and how to identify
resistance determinants in food processing,
cooking, storage, transportation, selling, and
consumption. The Code is interrelated with the
Guidelines for risk analysis of food-borne mi-
crobial resistance (CAC/GL 77-2011) created
in 2011 with its aim being to develop all com-
ponents in analyzing risks of foodborne antim-
icrobial resistance, including science-based
health risk assessment methodologies.

Peculiarities in assessing risks of food-
borne antimicrobial resistance. CAC/GL
77-2011 describe how to assess health risks
caused by presence of antimicrobial resistant
microorganisms (AMRM), their determinants
(AMRD) and/or residues of antimicrobial use
(AMU) to which resistance is expressed in food
products and animal forages and their transmis-
sion along food chains [17]. In Russia a similar
guide covering these issues was introduced in
2012 and entitled MR 2.1.10.0067-12 “As-
sessment of health risks caused by exposure to
microbial factors in food products” '°.

Negative outcomes for human health
caused by resistant food isolates are not al-
ways urgent and can be even rather latent (in
case of genetic determinants). Therefore it is
more difficult to assess them than to assess
risks related to clinical resistance or risks re-
lated to microbial contamination in food prod-
ucts. Such outcomes should be separated from
all other obvious ones caused by microbial
factors and assessment methodology in their
case should be based on specific approaches.

In general, assessment of risks caused by
resistance transmitted with food is not struc-
turally different from the conventional micro-
bial risk assessment (MRA) [18]. Initially a
risk profile is created as a combination of a
specific product with AMRM, AMRD or
AMU. However, we should bear in mind much
more information sources than it is stipulated
by MRI for infectious agents which cause
FBTIs. Usual information sources include
monitoring programs, epidemiological analy-

ses of outbreaks and sporadic cases caused by
resistant microbes, clinical examinations and
reports on incidence of foodborne infections,
results produced by antimicrobial therapy and
a correlation between resistance and frequency
and severity of related diseases. But apart from
that, we should take into consideration na-
tional or regional recommendations on FBTIs
treatment, enhanced data on microbial proper-
ties (pathogenicity, virulence, survivability and
growth in food products and the environment,
resistance to selection and gene element trans-
fer (in vitro, in vivo)) and resistance determi-
nants (mechanisms, localization, cross resis-
tance to other antimicrobials transmission be-
tween microbes and spread in the
environment). It is important to have an insight
into relations between resistance, virulence,
and adaptability; to understand AMU pharma-
cokinetics and pharmacodynamics when such
medications are used to treat humans and ani-
mals; to examine correlations between antim-
icrobial use and resistance of flora in animals
and agricultural plants. It is also necessary to
analyze data on food products bearing in mind
their influence on risk management (how they
are treated and processed prior to consump-
tion, pH, Ay, etc.), to describe factors and risks
influencing how safe a given food product is
on its way to ultimate consumers (primary
production — processing — storage — proc-
essing — distribution — consumption)'’ [17].
Assessment of risks caused by foodborne
resistance, just as in case with MRA, involves
hazard identification, exposure estimation,
hazard characteristics, and risk characteristics.
But given all specificity of the issue, each
stage unavoidably involves epidemiological
monitoring which is not a traditional compo-
nent in MRA'. This monitoring conducted at
each stage in assessment allows spotting out a
correlation with consumption of food which is
not simply contaminated with pathogens or
antibiotic residues but with consumption of
food which contains such a harmful factor as

'"MR 2.1.10.0067-12. Otsenka riska zdorov'yu naseleniya pri vozdeistvii faktorov mikrobnoi prirody, soderzhashchikh-
sya v pishchevykh produktakh. Metodicheskie osnovy, printsipy i kriterii otsenki: metodicheskie rekomendatsii [MR
2.1.10.0067-12. Assessment of health risks caused by exposure to microbial factors in food products. Methodical grounds, as-
sessment principles and criteria: methodical guidelines]. Moscow, The Federal Center for Hygiene and Epidemiology of Ro-

spotrebnadzor, 2012, 44 p. (in Russian).
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antimicrobial resistance. Among other things,
such assessments include additional steps
which can’t be found within simple MRA:

— hazard identification, apart from de-
scribing resistance of microbes and/or deter-
minants in forages, aquaculture, or food matri-
ces, involves examining the same features of
sensitive strains belonging to the same or re-
lated taxa and/or them having determinants;

— exposure estimation involves calculating
frequency and quantity of resistant microbes
and/or determinants which result from AMU in
all possible ranges, from food-producing animals
to agricultural plants (from animal wastes) and
in finished food products ready to be consumed
after processing. And when resistance determi-
nants are target hazards, including those in
commensal bacteria, then it is advisable to con-
sider rates of their transmission to human patho-
gens and symbionts which become resistant.
Synthesis of data on frequency and quantities of
target agents in food taking into account all fac-
tors which can influence these indicators and
knowledge about structure of consumption de-
termine exposure to AMRM, AMRD or AMU
for a person, a group, or population as a whole.

— hazard characteristics involve estimat-
ing contagion probability, a number of disease
cases and other outcomes as a response to ex-
posure; the stage also involves identifying ad-
ditional health outcomes (more frequent and
severe pathologies, their longer duration, fre-
quency of infections in blood flow, admissions
to hospitals and mortality, failed treatments)
caused by antimicrobial resistance. Similar to
the 1% stage in MRA, reactions by sensitive
microorganisms are also estimated;

— risk characteristics combines all conclu-
sions made at the previous stages; it can be
given using such indicators as an individual
risk of a disease due to resistance in food,
population health risk (risk for specific sub-
groups), risk caused by a single meal or annual
consumption, or as calculated damage due to
diseases. Validity of the ultimate estimation
depends on changeability, uncertainty and as-
sumptions accepted during MRA.

Ultimate assessment results are taken into
account in giving grounds for systemic meas-
ures aimed at preventing diseases among
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population, implementing new technologies in
agriculture, and making choices on new pro-
spective research directions in science.

Another specific feature is the necessity to
permanently reevaluate risks due to frequent
changes in AMU range applied in agriculture
or to new detected mechanisms of resistance'.

Development of the risk-based approach
within an integrated system for monitoring
and surveillance. Although we are provided
with the legitimate risk analysis methodology
described in CAC/GL 77-2011, there still ha-
ven’t been any etalon risk assessments per-
formed either at national or global levels. Ide-
ally, integrated systems for monitoring and
surveillance which are outlined in the WHO-
AGISAR guidelines should be developed tak-
ing into consideration all possible health risks
related to foodborne antimicrobial resistance.
Among other things, they should provide a
solid basis for assessing population exposure
to resistant microbes and/or determinants [5].
But such knowledge has turned out to be al-
most unavailable in most countries. This is pri-
marily due to a very vague idea about scales in
which preparations are used in agriculture and
we should remember that scopes of occurring
antimicrobial resistance depend on them. An-
other reason is that resistance profiles in peo-
ple vary greatly depending on selected micro-
organisms and geographical regions [15]. This
is confirmed by the fact that the overall global
market of goods for animal health is estimated
to be equal to 22 billion USD (in 2011) but
only 22 % of all UN member countries have a
full-fledged and operational system for collect-
ing data on use of antimicrobials in animal
farming. At present there is no any common
database with data on global use of antimicro-
bials in farm animals [15].

To solve the aforementioned issues, experts
have proposed draft Guidelines on Integral
Monitoring and Surveillance (GLIS) of Food-
borne Antimicrobial Resistance. The document
conforms to the concept stated by the WHO-
AGISAR but also envisages step-by-step im-
plementation taking into account priorities, in-
frastructure, capabilities and resources in differ-
ent countries [19]. The draft describes a proce-
dure for coordinated systemic data collection and
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sampling at all stages in food chains, their testing
to determine AMRM, AMRD or AMU in them
using harmonized methods for sampling, inves-
tigation, and reporting as well as complex analy-
sis of relevant epidemiological data on humans,
animals, food products, agricultural plants, and
environments at food production.

All this indicates that GLIS data on
AMRM, AMRD and AMU in food chains, in-
cluding their transmission during food process-
ing and spread in the environment, are not only
useful for solving issues related to food safety
but also provide important information for risk
assessment and making decisions on managing
risks caused by antimicrobial resistance for hu-
mans, animals, and plants. That is, these data are
an integral, well-organized, and well-structured
part of theoretical and practical risk assessment
and a very important stage in risk analysis.

In this context a major issue in any country,
Russia included, is how to provide proper man-
agement and coordination within GLIS systems
and to support its legitimacy with political deci-
sions made by the highest executive authorities
and with a relevant legal and regulatory base.
The Action plan on implementation of the Strat-
egy for preventing spread of antimicrobial resis-
tance in the Russian Federation for the period up
to 2030 stipulated the responsibility borne by
the RF Public Healthcare Ministry, Rospotreb-
nadzor, and other concerned federal executive
authorities for developing relevant departmental
documents in 2020°. These documents should
cover such issues as organizing and conducting
monitoring over antibiotic residues in food raw
materials and food products and over antimicro-
bial resistance in bacteria isolated from animals,
food raw materials and food products. Another
important issue was to create and develop a
common (interdepartmental) database on preva-
lence of antimicrobial resistance and to include
this database into a state information system for
providing chemical and biological safety which
is being created at the moment. However, it is
rather complicated to achieve relevant coordina-
tion in the process since public healthcare or-
ganizations and concerned federal executive au-
thorities still participate in it independently from
each other. It is also difficult to coordinate im-
plementation of separate systems for monitoring
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over antimicrobials turnover (monitoring over
turnover of preparations used in medicine and
monitoring conducted by the federal state infor-
mation system in veterinary medicine). Both
points require certain adjustment and well-
grounded initiatives, especially with respect to
assigning a relevant authority responsible for
their implementation.

But still, in 2018 monitoring over antibi-
otic residues in food raw materials and food
products and antimicrobial resistance in food
isolates was introduced within the aforemen-
tioned international project by Rospotrebnad-
zor and FAO?. This monitoring is well in line
with all the concepts outlined in the new
Guidelines. Full-fledged GLIS can be imple-
mented on its basis; to do that, it is necessary
to introduce the same monitoring process in
other spheres in food chains including veteri-
nary medicine, environments at production
facilities, and consumers’ health. The process
will require certain adjustments made in the
regulatory and legal documents.

Aspects of the risk-based approach in se-
lecting GLIS directions and objects. This new
progressive approach should be implemented
as a risk-based one at each stage in conformity
with CAC/RCP 61-2005 [16] and MR
2.1.10.0067-12" and take into account all
available knowledge on risks related to food-
borne resistance and accumulated international
experience. It is also important to provide data
compatibility at the global level.

At initial stage in monitoring a correct
choice should be made on GLIS objects
(AMRM, AMRD and AMU to which resis-
tance in expressed in food chains). To do that,
it is vital to analyze relevant legitimate data on
types and quantities of antimicrobials sold in a
country to be used in non-medical purposes
and their shares used in agriculture as well as
their significance for public healthcare.

In the RF the issue is hardly transparent at
the moment although at least two State Strate-
gies stipulate certain plans on how to track an-
timicrobials used in food production. One of
them is the aforementioned federal state infor-
mation system in veterinary medicine; another
is the unified information system for food
products tracking which is mentioned in the
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Strategy for improving food quality in the RF
for the period up to 2030'". This will make
sources of imported foods more transparent and
provide availability of knowledge on antibiotics
used to produce them. But the system hasn’t
been fully developed and implemented yet.

It is also hardly reasonable to rely on a list
of standardized antibiotics in food. In the RF
they are controlled according to the principles of
mandatory priority and voluntary application. It
means that mandatory inspections are to be per-
formed regarding residues of antibiotics which
are widely used in animal farming (predomi-
nantly 1*-2™ generation preparations); other an-
tibiotics are to be inspected only in case there is
an application from a food manufacturer'?. It is
impossible to make any correct estimations of
the whole range of preparations used in the
country since the application procedure lacks
credibility and integrity. Therefore, monitoring
over AMU can’t be equated with a system for
goods conformity assessment. To sum up, we
can state that it is advisable to use data from the
register of veterinary preparations, results pro-
duced by veterinary and sanitary inspections
which clarify their residues in food raw materi-
als, monitoring results in other countries and sci-
entific publications, especially those focusing on
screening of raw materials using multi-residue
detection and heat map creation'® [17].

Medical significance of antimicrobials is
an unconditional criterion which should be
used when GLIS objects are selected” [20].
The Table provides data taken from the WHO
list of critically important antimicrobials
which are used in medicine, the 6" revision
accomplished in 2018.

All antimicrobials in the List are divided
into 3 groups according to their significance:
critically important, highly important and impor-

tant. Many of them or their analogues are used in
food-producing animals. This leads to selection
and spreading resistance to these antimicrobials
in animal bacteria, induction of cross and co-
resistance which are then transmitted to people
with food® [11]. This undermines effective an-
timicrobial use in medicine which is especially
dangerous in case of critically important prepara-
tions since they are the only available therapy or
highly important drugs which are included into
treatment standards for treating zoonoses and
suppurative infections in people who are able to
induce resistance to their agents in non-clinical
conditions thus making these drugs completely
non-productive and useless.

To reduce health risks caused by use of
critically important and highly important an-
timicrobials in agriculture, the WHO devel-
oped recommendations on optimization and
best available practices of using them in food-
producing animals. These recommendations
are based on evidence statistics and are in-
cluded into the WHO Guidelines [2]. It is rec-
ommended to impose complete limitations on
use of medically important antimicrobials in
food-producing animals:

— all categories, not to be used to stimu-
late growth and prevent infections which are
not diagnosed clinically;

— critically important, not to be used to
control clinically diagnosed infections;

— critically important classified as top pri-
ority, not to be used to treat clinically diag-
nosed infections.

Accordingly, for example if chicken meat
turns out to contain residues of fluoroquinolones or
E. coli which are phenotypically resistant to them
or DNA-gyrase genes which code resistance to
these medications, it means that producers failed to
adhere to recommendations on use of quinolones

' Strategiya povysheniya kachestva pishchevoi produktsii v Rossiiskoi Federatsii do 2030 g.: utv. rasporyazheniem
Pravitel'stva RF ot 29.06.2016 Ne 1364-r [The Strategy for improving food quality in the Russian Federation for the period up to

2030: approved by the RF Government Order

on June 29,

2016 No. 1364-p]. KODEKS Available at:

https://docs.cntd.ru/document/420363999?marker=6540IN (December 01, 2021) (in Russian).
2Edinye sanitarno-epidemiologicheskie i gigienicheskie trebovaniya k tovaram, podlezhashchim sanitarno-

epidemiologicheskomu nadzoru (kontrolyu): utv. resheniem Komissii Tamozhennogo soyuza ot 28.05.2010 Ne 299 (v red.
ot 08.12.2020) [The unified sanitary-epidemiological and hygienic requirements to goods which are subject to sanitary-
epidemiological surveillance (control): approved by the Decision of the Customs Union Commission on May 28, 2010
No. 299 (last edited on December 8, 2020)]. Rospotrebnadzor. Available at: https://www.rospotrebnadzor.ru/deyatel-
nost/tsouz/doc/?ELEMENT ID=922 (November 29, 2021) (in Russian).
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Table
WHO list of Critically Important Antimicrobials for Human Medicine [20]
Criterion /
Antimicrobial class Prioritization factor
(Yes=e) .
CRITICALLY IMPORTANT |(C1 |C2 |P1 |P2 | P3 -
ANTIMICROBIALS \ 4
Highest priority C1 - Criterion 1. The antim-
Cephalosporins | e ° ) ° e | icrobial class is the sole, or
(3rd, 4th and 5th generation) one of limited available
Glycopeptides | o ° ° ° e | therapies, to treat serious
Macrolides and ketolides ° ° ° ° ° bacterial infections in people.
= Polymyxins | e ° ° ° °
£ Quinolones | © | o | © | o | e | C2—Criterion 2. The antim-
2 High priority icrobial class is used to treat
g Aminoglycosides | e ° ° e | infections in people caused by
::‘ Ansamycins | e ° ° ° either: (‘1) bacteria that may be
}% Carbapenems and other penems | o o ° ° transmitted to humans from
5 Glycylcyclines | _® o . nonhqman sources, or 2)
Lipopeptides | o o bacteria that may acquire re-
Monobactams | e o o sistance genes from nonhu-
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= Phosphonic acid derivatives | e ° ° ° with serious infections in
Z Drugs used solely to treat tubercu- | o ° ° . health care settings), who are
g losis / mycobacterial diseases affected by diseases for which
E HIGHLY IMPORTANT C1|C2 Pl | P2 P3> there are very limited antim-
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E Amphenicols °
‘-g Cephalosporins (1st and 2nd gen- ° P2 — Prioritization factor 2.
s eration) and cephamycins High frequency of use of the
‘g Lincosamides ° antimicrobial class for any
5 Penicillins (amidinopenicillins) d indication in human medi-
g Penicillins (anti-staphylococcal) ° cine or in certain high-risk
ey Penicillins (narrow spectrum) ° groups (e.g. patients with seri-
%o Pseudomonic acids ° NA ous infections in health care
T Riminofenazines | e settings), since their use may
Steroid antibacterials ° favor selection of resistance.
Streptogramins ° o
Sulfonamides, dihydrofolate reduc- ° P3 — Prioritization factor 3.
tase inhibitors and combinations The antimicrobial class is used
Sulfones | e to treat infections in people for
Tetracyclines | o which there is already exten-
IMPORTANT Cilcz PP P3 sive evidence of transmission
ANTIMICROBIALS | | | == ..p | Of resistapt bacteria (e.g.
2 Aminocvelitols nontyphoidal Salmonella spp.
£ . yen and Campylobacter spp.) or
3 Cyclic polypeptides . .
o - —— resistance genes (high for E.
= Nltrofur'an qer.watwes NA coli and Enterococcus spp.)
N1tr01m1da2f)}es from non-human sources.
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in agriculture thus creating an elevated risk of re-
sistance to them in clinical settings. Therefore, rec-
ommendations outlined in these Guidelines should
be treated as priority ones in examining all moni-
toring objects with the focus on products-carriers
which are manufactured at relevant stages in food
chains (when kettle and poultry are grown for
meat, or milk is produced by cows which were
treated with antimicrobials etc.).

When assessing risks within monitoring
over foodborne antimicrobial resistance, it is also
important to determine certain stages in food
chains where its transmitters (ARMM, ARMD,
or AMU) can occur, spread or be inhibited. The
issue is being discussed due to many practical
experts trying to confine monitoring solely to
food raw materials thus avoiding methodological
problems arising when processed foods are con-
trolled including those with mixed compositions
even if there are clear recommendations on the
necessity to examine them [17].

But international experience shows that
control over raw materials allows assessing
food contamination with AMRM, AMRD and
AMU and managing these risks only when it
concerns agricultural producers. It doesn’t pre-
vent negative effects produced by these factors
during food processing, storage, transporta-
tions, sales, imports included, and consump-
tion [21]. Besides, certain technologies applied
to process food raw materials (drying, jerking,

thickening, or condensation) support AMU
residue concentration and do not destroy
AMRD. In particular, we were able to detect
coliform bacteria resistant to four and eight
antimicrobials simultaneously exactly in prod-
ucts ready for consumption (curds and pickle
cheese) [9, 10]. Therefore, we can conclude
that monitoring over such markers of food-
borne antimicrobial resistance as AMRM,
AMRD and AMU should cover all food chains
up to actual consumption.

Conclusion. Implementation and further
development of a system for integrated moni-
toring and surveillance will result in wider use
of their results in assessing actual consumer
exposure to such harmful factors as resistant
microorganisms and genes, antibiotic residues
and risks related to food products being con-
taminated with them. This can be especially
useful for examining antimicrobial resistance,
new impacts on food chains, changes in pat-
terns of antibiotic residues in humans and
animals, and new testing methodologies.
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HOW TO MINIMIZE INFECTIOUS HEALTH RISKS FOR ELDERLY PEOPLE
(BASED ON FOCUS GROUP DATA)

A. Yagodina, I. Serova, U. Maslov, S. Korotin

Perm State Medical University named after Academician E.A. Wagner, 26 Petropavlovskaya Str., Perm, 614990,
Russian Federation

This literature review focuses on practices aimed at mitigating infectious health risks for elderly people in acute care inpa-
tient hospitals with multiple specializations. We revealed a necessity to create medical information centers, common reference cen-
tersfor PCR diagnostics, sequencing, plasmid analysis, and MULDI-TOF; aswell asto provide support and further development of
bacteriological and hygienic service in medical and preventive organizations. Our review also dwells on theoretical solutions to
issues related to minimizing infection risks in nursing homes and prospective approaches to providing infectious safety at home. A
focus group was organized on May 20, 2021 at the E.A. Wagner’s Perm State Medical University of the RF Public Healthcare Min-
istry with its aim being to implement theoretical approachesinto practices of minimizing infectious health risks for elderly peoplein
Perm region within the “ aging in place’” paradigm. The sociological explication made it possible to fix the regional agenda on
minimizing infectious heath risks for elderly people as per three basic directions: by improving living conditions, by improving care
provided for elderly people at home, and by making elderly people’slives more active as a way to support their immunity.

All the discussion participants unanimously agreed both on assigning the primary role to the strengthened immunity as a way
to minimize infectious health risks and on obvious absence of any drugs which would be able to resolve the issue. Experts believe
adherence to conventional recommendations on how to improve elderly people’ s immunity to be fundamental for infection risk miti-
gation. We should remember that some elderly people live in improper housing which should be renovated and adapted to basic
needs of an elderly person. It isalso important to develop the city environment taking into account elderly peopl€e' s habits and needs
(they should be provided with a special place in the yard where they can communicate with each other, play board games or do
physical exercises). Financial support should be given to “ Inpatient hospital at home” program and to developing tools used to
promptly minimize infection risks, for example, telemedicine which allows detecting certain alerting symptoms typical for communi-
cable diseases (fever, complaining about cough and running nose, painsin the lumbar spine, decreased diuresis etc.)

Key words: sociology of medicine, infection risks, infectious safety, stereotypes of medical care, elderly patients,
transmission routes of hospital acquired infections, vaccination, immunity.

Today there are hardly any doubts that is-
sues related to viral and bacterial infections are
top priority since their prevalence is growing
persistently every year. Elderly people are a
specific population group exposed to high
risks of infections. A combination of an infec-
tion and an old age is unfavorable for health
and has some peculiarities.

Firstly, infections tend to have atypical
clinical course in elderly people, that is, they
are often afebrile and their symptoms are
vague due to concomitant diseases; as a result

© Yagodina A., Serova 1., Maslov U., Korotin S., 2022

infections are diagnosed too late and are not
treated properly. As a rule, infections in eld-
erly people are concomitant diseases, not pri-
mary ones. But if they are not treated, they can
become a major health issue and even result in
a patient’s death.

Secondly, elderly people are a population
group who has higher risks of developing sep-
sis. According to some research data, lethality
of bacteremia amounts to 49 % among elderly
people during the following 3 years after diag-
nosis [1, 2]. Sepsis also has some remote ef-
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fects including metastatic infection foci (recur-
rent sepsis), people becoming carriers of
highly pathogenic strains and fungal invasion
agents, and antibiotic-associated diarrhea. Bac-
teremia in clinical case history has its negative
influence on life quality and cognitive func-
tions in future. Experts generalized data on
637,867 elderly patients (older than 65 years)
focusing on their functional and cognitive
abilities after sepsis over the following 3 years.
As a result, it was established that 476,311
people had functional disorders and 106,311
people had cognitive ones [3].

Thirdly, comorbidity in elderly patients
creates favorable conditions for infectious proc-
esses developing more actively. Mild or even
asymptomatic infections in an elderly person
can cause severe complications: pneumococcal
infection can develop together with viral pneu-
monia and cause otitis, meningitis and sepsis as
well [4]. It was established that bacterial intes-
tinal infections, salmonellosis and shigellosis
had certain clinical peculiarities in patients who
were older than 60 years and their clinical
course was usually more severe in such patients
than in those aged 20—40 years [5].

Fourthly, infection health risks grow con-
siderably during the present COVID-19 pan-
demic since the disease is the direct cause of
mortality among elderly people. According to
data provided by the WHO, a half of lethal
outcomes due to COVID-19 in Europe were
registered in nursing homes [6]. 89 % of
deaths due to COVID-19 in Great Britain oc-
curred among people who were older than 65
years [7]. Outbreaks of the new coronavirus
infection were analyzed in 4 nursing homes in
Great Britain with their total number of inhabi-
tants being 394 people. The analysis revealed
that 26 % of elderly people in these nursing
homes died during the first 2 months since an
outbreak started [8]. However, according to

the US CDC, in December 2021 the total vac-
cination among people older than 65 years re-
duced risks of hospitalization by 17 times in
the country and vaccination with an additional
dose or a buster reduced these risks by 50
times against non-vaccinated people [9].

Fifthly, the immunity, in particular, T-cells
activity, becomes weaker with age. Such
changes mean that as people get older their
bodies gradually lose the ability to react to new
infections and vaccines. This phenomenon is
known as the immune system aging [10].

In our research, we didn’t consider a risk
as something resulting from threats which oc-
cur due to a direct presence of a person in a
certain group. Instead, we examined it as a cer-
tain contact with a danger, as a combination of
factors which increase or reduce this danger.
“That is, risk prevention involves not observ-
ing one particular person but rather probable
occurrence of diseases, anomalies and deviant
behavior in order to minimize them and, con-
versely, to maximize healthy behavior preva-
lence” [11]. In other words, you are in a risk
zone not due to being who you are but due to
doing what you do and certain practices you
adhere to can even be lethal. Let us note that
the pandemic development directly depends on
people’s behavior.

The issue of minimizing infection health
risks for elderly people has been studied by ex-
pert society with its major focus being on ex-
amining causes and clinical course of health-
care-associated infections (HAIs). The issue is
closely related to different levels of medical aid
provided for elderly patients (polyclinic, diag-
nostic center or in-patient hospital), hygiene,
dynamics of infection processes influenced by a
number of elderly patients, etc.

Medical aid provision for elderly pa-
tients at different levels is regulated by
international', federal’ and regional legal

'Rhodes A., Evans L.E., Alhazzani W., Levy M.M., Antonelli M., Ferrer R., Kumar A., Sevransky J.E. [et al.]. Surviving
Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Critical Care Medicine, 2017,
vol. 45, no. 3, pp. 486-552. DOI: 10.1097/CCM.0000000000002255

2 0b utverzhdenii Poryadka okazaniya meditsinskoi pomoshchi po profilyu «geriatriya»: prikaz Ministerstva zdravookhraneniya
RF ot 29.01.2016 Ne 38n [On Approval of the procedure for medical aid provision as per “geriatrics” profile: the Order by the RF
Healthcare Ministry issued on January 29, 2016 No. 38n (last amended on February 21, 2020)]. KODEKS the eectronic fund for legal
and reference documentation. Available at: https://docs.cntd.ru/document/420339190 (August 18, 2021) (in Russian).
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acts’. Though we can admit that these docu-
mented recommendations are effective, we
still can’t fail to notice that it is rather diffi-
cult to implement them in reality since dif-
ferential diagnostics of sepsis with systemic
diseases of the connective tissue, infectious
pathology (meningococcal infection, hemor-
rhagic fever with renal syndrome, and tuber-
culosis), leucosis, and oncologic diseases is
rather complicated. Minimization of infec-
tion risks for elderly people involves accept-
ing the fact that such strains exist practically
in every in-patient hospital.

An optimal solution to the HAls-related

issues would be to implement express-
diagnostics of highly pathogenic strains
(MALDI-TOF mass spectrometry, PCR-

analysis, sequencing, plasmid analysis) on the
basis of common reference centers or to de-
velop bacteriological services in medical and
prevention organizations.

Some authors believe failure to put a cor-
rect diagnosis to be the major cause for severe
clinical course of infections in elderly people.
For example, according to Big and others [12]
patients older than 80 years who had bactere-
mia caused by . Aureus didn’t have echocar-
diography in 45 % cases. Failure to prescribe
echocardiography to elderly patients results in
a failure to diagnose “Infectious endocarditis”
and rational antibiotic treatment is not pro-
vided for them in due time [13, 14].

High-tech medical treatment procedures
improve health and make life expectancy
longer; they also facilitate surgeries on elderly
patients which were previously considered im-
possible. However, certain involutive and
pathological processes in elderly people’s bod-
ies can aggravate a post-surgery period and
create health problems during it. A growing
range of facultative normal flora in all locuses
is among such potentially hazardous aspects
[15]. The situation is further aggravated by

lower production of local (lysozyme, comple-
ment) and acquired (secretory immunoglobu-
lins A) immunity factors together with antibac-
terial treatments a patient has been prescribed
to have during the whole lifespan. There is a
growing risk that a body would be colonized
by poly-resistant microflora with elevated
pathogenic potential. Susceptibility of elderly
people’s bodies to such flora is only growing
in clinical settings (directly depending on a
period of time spent in a hospital), especially
in a post-surgery period [16]. It was proved
that septic shock was much more likely to de-
velop in elderly patients and acute kidney fail-
ure developed two times more frequently in
them than in middle-aged people [17]. Accord-
ing to some research works, infections are sus-
pected in 51 % of patients in intensive care
units [18]. Inflammatory processes become
more severe with age, they occur more fre-
quently and last longer thus inducing specific
changes in the body which suppress immune
reactions and create favorable conditions for
developing inflammations and lesions in the
lungs. Therefore, it is completely reasonable to
try and minimize a period of hospitalization
for elderly patients since this helps mitigate
infection risks considerably.

The most acute issue in elimination of
hospital-acquired infections is active use of
catheters. Use of a urine catheter to treat pa-
tients with neurological or cognitive disorders
results in 3-7 % higher risks of developing
infections in the urinary system. In case of
pyelonephritis risks related to bacteremia be-
come even higher. Vascular catheters cause
bacteremia in 1-10 % cases. “Long-term usage
of a catheter results in a higher risk of devel-
oping catheter-associated urinary tract infec-
tions (CAUTI).” [19].

In our opinion, when we discuss alterna-
tive approaches to using catheters bearing in
mind infection risk minimization [20-22], we

3 Ob organizatsii meditsinskoi evakuatsii bol'nykh i postradavshikh v Permskom gorodskom okruge (s izmeneniyami na
30.06.2021): Prikaz Ministerstva zdravookhraneniya Permskogo kraya ot 14.09.2018 Ne SED-34-01-06-786 [On organizing
medical evacuation of diseased and injured in Perm city (last amended on June 30, 2021): the Order by the Healthcare Ministry
of Perm region issued on September 14, 2018 No. SED-34-01-06-786]. KODEKS: the electronic fund for legal and reference
documentation. Available at: https://docs.cntd.ru/document/550193670/titles/1A9QHUG6 (August 18, 2021) (in Russian).

74

Health Risk Analysis. 2022. no. 1



How to minimize infectious health risks for elderly people (based on focus group data)

should focus from the very beginning on a dif-
ferential approach to two different groups of
patients: those who require hourly diuresis
control and those who don’t need it so criti-
cally. This approach allows avoiding exces-
sive, too long and groundless use of catheters.
Undoubtedly, any catheter should be replaced
immediately in case its integrity or working
capacity is lost. However, the basic challenge
which should be overcome here is violated
septic and antiseptic rules when medical work-
ers don’t want to work in sterile gloves or use
non-sterile glycerin, etc. Systemic review of
reasons for weak control over infections in
nursing homes also revealed that personnel
were rather incompetent with respect to pro-
viding infection safety and necessity to elimi-
nate infections [23].

An idea to support basic treatment proce-
dures provided for elderly people with some
hygienic ones has been accepted as a very ef-
fective way to minimize infection risks. These
hygienic procedures include oral cavity, skin,
body, and feet hygiene [24]. Immune functions
performed by skin deteriorate in elderly people
and this is accompanied with greater frequency
of bacterial (streptococcal and staphylococcal
cellulite) and fungal (most frequently candido-
sis) infections and also makes a contribution to
more frequent cases of malignant neoplasms of
skin [25, 26].

Proper oral cavity hygiene is an integral
part of fighting against infections. Dentists
discuss how to minimize infection health risks
within a new discipline which is called geron-
tostomatology [27]. Oral cavity hygiene is in-
cluded into national healthcare programs in
most countries since prevalence of dental
problems among elderly people varies from
42 % in low income countries to 29 % in high
income ones [28]. Major oral health issues,
such as dry mouth or caries, are caused by
weaker salivation [29]. Acinar tissue atrophies
with age, proliferation of duct elements occurs
and there are some degenerative changes in
major and small salivary glands. Accordingly,
salivation reduces gradually and the process
can be influenced by frequent use of multiple
medications. There are some ways recom-
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mended to prevent and treat dry mouth in older
age. They include installing air humidifiers
which regulate air humidity automatically;
having drinking water available all the time;
avoiding spicy, salty or too sweet food, car-
bonated drinks and coffee; drinking herbal teas
or drinks made of cranberries, sea-buckthorn
berries, or cowberries. It is also effective to
use chewing gums and lollypops with xylite
and prebiotics. Training sessions on proper
oral cavity hygiene provided for patients in in-
patient hospitals are aimed at teaching them
how to properly clean the teeth and tongue,
removable and non-removable dental prosthe-
ses and how to choose personal hygiene means
correctly.

When discussing where elderly people
live, we should pay attention to the fact estab-
lished by international social studies per-
formed in many countries, Russia included.
The fact is that only 5 % of respondents would
like to live in alternative housing such as nurs-
ing homes, various specialized boarding
houses, or other social housing instead of their
own home [30].

The national guide on infection control
contains comprehensive recommendations on
how to minimize infection risks in nursing
homes for elderly people [31]. Long-term stay-
ing in nursing homes is considered a factor
that can cause contamination with resistant
agents. According to these recommendations,
patients carrying some strains should be placed
in such ways so that cross contamination
would be prevented. However, elderly patients
carry pathogenic and opportunistic bacteria
and fungi so frequently that any attempts to
place them in accordance with carrying this or
that microorganism are hardly effective. Any
placement can’t prevent contacts and interac-
tions between different cohorts of patients.
Therefore it is more important to create barri-
ers “inside” elderly patients, that is, maintain
their immunity rather than to try and create
protection “around” them.

Obviously, elderly people spend most
their time at home. In 2021 the RF Govern-
ment announced that a new expert long-term
system of permanent care would be developed
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in the country and would have permanent
funding sources. The accomplished steps in-
clude creating roadmaps on implementation of
hospital-replacing technologies for elderly
people; training nurses or caregivers; in some
regions mobile inter-branch teams are created
to bring medications or foods to elderly peo-
ple’s homes. In 2007 the WHO issued the re-
port “Cities comfortable for elderly people”
where the accent was made on creating an en-
vironment which stimulates active aging.
There are some research works concentrating
on assessing how well a city is adapted to its
elderly citizens [32]. A lot of support is given
to an idea to develop clubs for elderly people
(retired freelancers) where they, on one hand,
can develop some new skills, for example,
computer ones, or become more physically
active, but on the other hand, they can help
other people doing what is within their power
and getting paid for it. There are works in
literature where their authors state that it is
advisable to develop city infrastructure for
leisure, labor, and social activities of elderly
people; it is important to preserve social capi-
tal of elderly people (including their
neighbors) [33]. Some experts established a
correlation between social isolation and poor
health [34, 35], examined peculiarities of
communicative therapy applied to treat de-
mentia, rules and standards of talking to eld-
erly people [36], and described attitudes to-
wards aging prevention [37]. There are a lot of
publications focusing on up-to-date ways to
develop medical aid provided for elderly peo-
ple at home using artificial intellect [38] and
peculiarities of immune prevention for them
[39, 40].

In theory, all these aforementioned ap-
proaches should minimize infection health
risks for elderly people at home. The question
is how to implement them into everyday rou-
tines of elderly people living in Perm region.
A tendency to neglect banal solutions makes
people’s life quality poorer because when we
consider obvious and vital things to be simply
banal, we exclude basic statements which rep-
resent the reality in the best possible way from
our social discourse thus allowing ourselves
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not to think about the essentials (for example,
we stop talking to our old relatives, etc.). It is
well known that “ignoring banalities comes at
the highest price” (I. Kant).

Our research goal was to explicate
managerial decisions aimed at minimizing in-
fection risks for elderly people in a given re-
gion. Perm region was chosen as a research
object. Sociological methods give an opportu-
nity to find an answer to the question what
known instruments aren’t still used properly to
achieve the major target, an increase in life
expectancy in the region. These methods also
help determine peculiarities of hygienic cul-
ture necessary for elderly patients who are in-
volved into an epidemic process in their fami-
lies. “A sociological approach, rather than a
scientific one, is required to analyze all the
roles played by all the concerned parties in de-
cision making.” [41].

Practical significance. Expert estimates
produced by focus groups can be used both in
implementation of the Order by the RF Public
Healthcare Ministry issued on January 29,
2016 No. 38n “On Approval of the procedure
for medical aid provision as per “geriatrics”
profile” and the State Programs adopted in
Perm region including “Social support for
Perm region citizens” and “Qualitative health-
care”, the regional project “Development and
implementation of the program for systemic
support and improving life quality of elderly
people (Perm region)”.

Research technique. Focus groups as a
research technique differ from a formalized
expert questioning or depth interviews since
they are better focused on key issues. In our
research, there were three key issues:

1. How to minimize infection risks for
elderly people by improving their living condi-
tions in Perm region;

2. Relevant practices which can be im-
plemented in the region to improve care pro-
vided for elderly people at home;

3. How to make elderly people’s lives
more active as a way to support the immunity.

Our focus group was created as per the
following principles: a team should include
experts from multiple spheres; experts
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should be personally involved into practical
activities aimed at providing infection safety
for elderly people in the region. Participation
in the focus group was voluntary, and ex-
perts were representatives of all age groups;
the group included scientific experts from
higher educational establishments, practical
healthcare and business, and from various
occupational groups such as administrative
staff, doctors with various specialties, post-
graduate students, and independent experts
(a microbiologist, a philosopher, a business-
man, and a volunteer).

The focus group was created as per objec-
tive and subjective criteria. The objective ap-
proach meant that experts were chosen based
on documentary data (higher education, work
experience in the sphere relevant to the discus-
sion, an academic degree, title, position, a
number of published papers, and participation
in international conferences). The subjective
approach involved choosing experts bearing in
mind their knowledge on details, subtle points
and difficulties in providing infection safety
for elderly patients.

The ultimate goal was to stimulate the
participants in the discussion to share their
perception of practical results achieved in
mitigating infection risks for elderly people in
Perm region. To achieve this, the following
focus group was formed in full conformity
with the principles which should be followed
when an expert pool is created; all the partici-
pants fully corresponded to the definition of a
“true expert”.

1. L.A. — the moderator, a postgraduate
student at the Department of Microbiology and
Virology, epidemiologist;

2.N.A. — Doctor of Medical Sciences,
Professor at the Department for Polyclinic
Therapy, the Chief Free-lance Therapist of the
Perm Regional Public Healthcare Ministry;

3. YuN. — Doctor of Medical Sciences,
Professor, Leading researcher at the Central Sci-
entific Research Laboratory of E.A. Wagner’s
Perm State Medical University, Professor at the
Department of Microbiology and Virology;

4.K.S. — The Head of the social service
“The Social Welfare Center”;
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5. A.R. — the medical supervisor at the
Perm regional department of the All-Russian
Youth Social Organization “Russian Student
Groups™;

6. T.A.— a dermatovenerologist, Candi-
date of Medical Sciences;

7. I.LA.— Doctor of Philosophy, Professor;

8. A.Yu.— an infectiologist and therapist,
Candidate of Medical Sciences;

9.N.E. — a postgraduate student at the
Department for Neurology and Medical Genet-
ics, neurologist;

10. A.V. — a postgraduate student at the
Department for Anesthesiology, and Critical
Care Medicine, anesthesiologist and resuscitator;

11. S.V. — the director of “Liniya ulybki”
LLC (a dental clinic).

Results and discussion. The participants
in the discussion were guided by the central
idea in the European social policy developed
in the second half of the 20™ century. Accord-
ing to this idea, a possibility to live at one’s
own home is believed to be the fundamental
principle and value for an elderly person [42].
Living at home preserves one’s dignity and
gives an opportunity to pursue a lifestyle a
person is accustomed to. But still, to make
aging at home safe for elderly people, it is
necessary to implement active social strate-
gies when attention of all the relevant authori-
ties is concentrated on improving care, pro-
viding maximum possible comfort for elderly
people at their homes, as well as on consider-
ing elderly people to be productive partici-
pants in social life [43].

New risks occurred during the COVID-19
pandemic with respect to an issue how to or-
ganize safe living environment for elderly
people. When there are a lot of elderly people
at one place, this leads to high lethality due to
elevated infection risks. All the discussion par-
ticipants estimated people’s wishes to get old
at their homes, in their settlements, “age in
place”, and to remain at home in case of a dis-
ease in order to recover sooner [44] as evi-
dence that elderly people were quite reason-
able in this respect.

The discussion on the issue “How to
minimize infection risks for elderly people by
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improving their living conditions” advanced
by searching for up-to-date markers of proper
housing. These markers primarily include the
access to basic communal services such as safe
drinking water, energy to cook food, heating,
lighting, safe food storage, waste utilization,
and proper sanitary conditions [45]. The dis-
cussion participants mentioned a social survey
which was performed in spring 2020 among
retired people in Russia. According to the re-
sults, more than 30 % of retired people who
live in private houses don’t have permanent
access to hot water and warm toilet; 30 % of
respondents also complained that they didn’t
have elevators or comfortable bathrooms and
toilets in their houses [30]. The moderator also
mentioned another study focusing on sanitary-
epidemiological determinants of life expec-
tancy growth in Perm region. These determi-
nants include providing people with qualitative
drinking water and raising safety of certain
foods (meat, milk, fish, and bread) [46]. A cor-
relation between the aforementioned housing-
related and other everyday problems and
growing infection risks is obvious for experts.
[.A. outlined a promising administrative trend
in risk minimization, namely housing renova-
tion provided for elderly people; another sug-
gestion was to supplement widely used subsi-
dies provided to elderly people to help them
with payments for communal services with
funding provided for repairing living spaces
and making them more suitable to satisfy eld-
erly people’s needs. This means making door-
ways wider, removing high thresholds, prob-
able installment of shower cabins in bath-
rooms, making solariums on balconies, as well
as subsidizing elderly people’s expenses on
transport and communication.

The moderator drew the participants’ at-
tention to solitary elderly people and their
needs since they don’t feel safe and are often
afraid of falling or a sudden disease [47]. Ac-
cording to N.E.’s opinion, “Installing an
alarm button is the first step in helping a soli-
tary person”. N.A. mentioned systems which
were aimed at providing a so called “in-
patient hospital” at home. They make medi-
cine an integral part of a person’s life due to
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constant monitoring over his or her health,
either by constant wearing of artificial intel-
lect devices or by consulting and partnership
with medical workers (immunization, thera-
peutic exercises, detection of untreated dis-
eases, and improved drug therapies). A.Yu.
noted that telemedicine devices detect alert-
ing symptoms typical for communicable dis-
eases (fever, saturation, complaints about
cough, running nose, pains in the lumbar
spine, reduced diuresis etc.) in online mode
and give an opportunity to minimize infection
risks promptly and effectively.

When discussing the issue “Relevant prac-
tices which can be implemented in the region to
improve care provided for elderly people at
home”, the experts mentioned a positive trend
related to developing partnership between pri-
vate and state participants in finding solutions
to the problem. The social service supervisor
drew the participants’ attention to the fact that
elderly people could be provided with profes-
sional care at home if they applied to the Social
Welfare Center; they could hire a nurse at a rea-
sonable price for the service; there was a ser-
vice of transportation provided for bed-ridden
patients, escort for wheelchair-bound people,
and consultations on how to care for a bed-
ridden patient. “We are also ready to work in
close contacts and joint projects with the Pen-
sion fund, social security fund, medical organi-
zations, and to participate in medical and social
expertise” K.S. concluded.

I.A. believed that effective rehabilitation
of elderly people at home after treatment in
in-patient hospital was considerably ham-
pered by practices adopted by social services
when they solely react to citizens’ applica-
tions asking for help. A medical organization
should be obliged to provide a relevant so-
cial service with all the necessary data on a
patient who need professional care. In Great
Britain, the public healthcare system in-
cludes special information centers which are
responsible for finding optimal solutions to
variable challenges patients have to face.
Such information centers would be quite use-
ful for elderly patients since they can answer
not only the question “What hurts?” but also
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“What to do?” or “Where to get help most
effectively?” For example, hardly many peo-
ple know that the Social Welfare Center pro-
vides hygienic services for bed-ridden pa-
tients at home: washing in a bath, shaving,
nail care, and hairdresser’s services. Also
very few people know that cognitive disor-
ders require help by relatives and it is rec-
ommended to use diapers instead of catheters
since it helps minimize infection risks etc.

When discussing peculiarities of immune
prevention among elderly people, the partici-
pants expressed an opinion that people older
than 65 years should be the target audience for
vaccination against pneumococcal infection.
Patients aged 65—85 years are recommended to
get the first vaccination with pneumococcal
vaccine 13; then, after a year, pneumococcal
vaccine 23. Patients who accidentally got vac-
cinated with pneumococcal vaccine 23 should
get vaccinated with pneumococcal vaccine 13
during the year from the first vaccination, not
later. Revaccination with pneumococcal vac-
cine 23 is recommended every 5 years [48].
The participants discussed two probable atti-
tudes towards estimating remote effects pro-
duced by elderly people’s vaccination against
opportunistic pathogens. A.Yu. thought that
vaccination against pneumococcal infection
probably resulted in more aggressive microor-
ganisms, such as . Aureus, Acinetobacter
baumani, Klebsiella pneuminiae etc., starting
to dominate in the body. Yu.N. stated that
“Since it is pneumococcus which is called
“elderly people’s friend”, that is, the direct
cause of deaths among them, vaccination with
pneumococcal vaccines is the best way to pre-
serve their health”.

A.Yu. was still not fully convinced that
vaccination of elderly people against influenza
is effective. Yu.N. believed that according to
the reports on effectiveness of up-to-date sub-
unit and split influenza vaccines they are ef-
fective and optimal exactly for elderly people.
There was also no unambiguous attitude to-
wards vaccination against Type III herpes vi-
rus. Yu.N. believed that this vaccine was pri-
marily aimed at preventing chicken pox in
children; moreover, in some countries it is rec-
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ommended not to use it in old people since
there were cases of herpes zoster among peo-
ple who got immunized with it.

When the discussion moved to the issue
how to make elderly people’s life more active
in order to minimize infection risks, the Mod-
erator shared some results produced by a so-
cial survey according to which people didn’t
trust geroprotectors as an effective way to op-
timize their immunity [37] and they faced
certain problems when trying to stick to
“Don’t stay at home!” appeal, the effective
recommendation on how to support their im-
munity. We can’t fail to notice that yards are
now much more suitable for young people
and elderly people lost some territories which
they once considered theirs. There are no
wooden benches in the yards where elderly
women can sit and socialize; there are no ta-
bles with benches around them where old
men used to sit and play dominos, checkers,
backgammon and even chess or just socialize;
there are no chin-up bars for adults. City de-
velopment has led to elderly people losing a
space which was significant for them and a
number of people who spend all their time
indoors has grown drastically.

[LA. thought that a massive mass media
campaign aimed at promoting use of thera-
peutic exercises for various age groups and
for elderly patients with different pathologies
would make elderly people do them more ac-
tively; they could also be persuaded to do ba-
sic muscle-strengthening exercises to prevent
muscle weakness, go dancing or attend choral
singing sessions. In this respect, experts re-
membered Item 9 in the Order by the RF Pub-
lic healthcare Ministry issued on January 29,
2016 No. 38n where it is stated that “medical
aid as per “geriatry” profile is rendered by a
geriatrist who should interact with medical
workers with non-medical higher education
(speech therapists, medical psychologists, and
therapeutic training instructors) in order to
assess and correct the psychoemotional state
of a patient, communicative disorders, limita-
tions on physical activity, any disorders in
using one’s common and occupational skills”.
In ILA.’s opinion, today it is necessary to
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make young people understand that talking to
an elderly person is the most universal and
available care he or she can be given. Unfor-
tunately, this banality has lost its meaning as
a cultural pattern; therefore, social advertising
of home safety for elderly is priceless since
“banalities exist simply because they are the
truth in the essence” (Margaret Thatcher).
This social advertising can cover some topics
described on the relevant web-site [49]:

— Don’t warn you parents that you’re go-
ing to visit and come to them suddenly. This
will help you to understand how your parents
really get on.

— Watch over an elderly person when the
weather is too hot or too cold (this creates ele-
vated risks of heat strokes or frostbites).

— Encourage your beloved elders to wear
a necklace with an alarm button since this will
help them to call for help in case of emergency
(for example, if they fall).

— Teach your elders to move slower since
there are often no reasons to hurry.

— Recommend your elders to always ask
for your help instead of doing all the cleaning
or repairing themselves.

All the participants agreed that making
elderly people stronger and raising their vital
capacity would involve not only doing physi-
cal exercises at home, on sport grounds, in
parks or sport clubs, participating in volunteer-
ing activities, interesting leisure and travelling,
but also caring about beauty and strength of
one’s body. T.A. stated that “Skin elasticity
reduces with age due to decreasing volume of
liquid in the body, hydrolipid cellular mantle
becomes thinner, skins becomes drier and
loses one of its basic functions, namely, acting
as a barrier preventing adverse exposures. To
minimize infection risks, people should adhere
to several very simple rules of skin care at an
older age: they should not use spirit-containing
skin care products as well as means for skin
hygiene which contain antibacterial compo-
nents; they should avoid using stiff loofas
when washing and blot the body with a towel,
not rub it. The most important thing is to use
wetting cosmetics after bathing as well as dur-
ing a day in case of necessity”.
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Research works accomplished in many
countries indicate that in most cases dental
status of elderly people is unsatisfactory. But
at the same time, dentists manage to effec-
tively treat pathologies of hard tissues in eld-
erly patients who regularly visit them at least
twice a year to get primary and secondary pre-
vention of dental diseases and who are also
committed to proper dental care. Inflammatory
pathology in periodontium is usually in remis-
sion in such patients and oral cavity hygiene is
quite satisfactory which has positive effects on
their life quality [50]. S.V. stated that poor
awareness about adverse effects produced by
periodontal pathogens and low incomes of eld-
erly people prevented them from going to a
dentist at least every 6 months to have their
oral cavity to be cleaned by an expert. And it’s
a pity since it is well proven that dental tartar
and bacterial plaque removal reduces infection
risks considerably. We should also note that
oral cavity sanitation not only prevents HAIs
in elderly patients but also helps prevent caries
in their children and grandchildren. A smile
showing some teeth missing is ugly and stimu-
lates developing inferiority complex; missing
teeth also make people eat only high caloric
foods with very small quantities of useful nu-
trients (vitamins minerals, or dietary fiber)
which have been cooked with excessive me-
chanical and thermal processing. All this com-
bined leads to failures of various systems in
the body, including the immune system. A
beautiful smile which can be provided by a
proper prosthesis technology is a unique way
to raise one’s spirits and to start eating foods
which are useful for immunity (sour cabbage,
carrots, nuts, or celery).

I.A. suggested developing a bit paradox rec-
reational concept which once existed but eventu-
ally lost its drive. The concept was entitled
“Perm 1is a territory of ravines”. The idea is to
make elderly people’s life more interesting due
to organizing safe tobogganing for them in win-
ter, rock climbing or bicycle races in summer,
and creating special grounds for walking with
dogs. Infection risks for elderly people should be
minimized by creating safe routes for health
walks, benches where they can meditate etc.
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Conclusion. Risk management is improv-
ing everyday practices in elderly people’s lives
at their homes; this improvement should be
aimed at strengthening the immunity since it
helps minimize health risks caused by infec-
tions. Subjects who participate in the process
are relevant authorities, medical and social
workers and elderly people themselves. The
active long life paradigm makes it possible to
minimize infection risks as it changes behav-
ioral attitudes adopted by all the concerned
parties:

— authorities should be responsible for
creating not only a long-term care system but
also adequate infrastructure which helps eld-
erly people to realize their human potential
in everyday life, communication, labor and
leisure thereby supporting their immunity.
They should also provide funding for reno-
vating elderly people’s homes so that their
specific needs are satisfied and create special
places in yards where elderly people can
spend their time outdoors. Elderly people
should be encouraged to render mutual aid to
each other but the state should eliminate
poverty among them, at least, by providing
social benefits to cover expenses on trans-
port and communication. A number of social
workers who get paid by the government
should also be increased;

—managing health risks for elderly people
involves introducing stricter preventive measures
with respect to this population group due to ac-
tive social and medical aid provided at home;

—medical and social workers should re-
turn to providing elderly people with care at
home or in close proximity to places where
they live. This can be done, first of all, be
developing “in-patient hospital at home”
which makes medicine an integral part of a
person’s everyday life due to constant health
monitoring, either with artificial intellectual
devices worn constantly by a person or by
consulting and partner relations with medical
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workers (immunization, therapeutic exer-
cises, detection of diseases which haven’t
been treated, improved drug therapies). We
have already noted that telemedicine devices
detect alerting symptoms typical for com-
municable diseases (fever, saturation, com-
plaints about cough, running nose, pains in
the lumbar spine, reduced diuresis etc.) in
online mode and give an opportunity to
minimize infection risks promptly and effec-
tively. The discussion participants believe
that the immunity of elderly people is to a
great extent a derivative from improved in-
teractions between medical personnel and
relevant workers without medical education
(speech therapists, psychologists, IT-spe-
cialists, social workers, city-managers, and
paid workers who render assistance to those
in need in specific situations);

— any considerations on how to mini-
mize health risks caused by infections for
elderly people are based on eliminating de-
spondency by taking care of oneself. Un-
fortunately, a simple talk with an elderly
person as the most universal and available
care and way to relieve stress is a non-
banal banality which requires social adver-
tising and pedagogical innovations. Elderly
people’s communities organized near their
places of residence are a powerful resource
for health risk mitigation which, regretta-
bly, has been forgotten. If supported by lo-
cal authorities, elderly people’s communi-
ties are able to raise resistance to stress,
safety, stability, and self-confidence due to
mutual support. Complex care which eld-
erly people take of themselves is the most
effective practice to minimize infection
risks.
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The pandemic caused by SARS-CoV-2 remains a serious threat to human health. Non-specific protection measures in-
cluding face masks are an effective way to reduce risks of the infection spread. Face masks have different protective capaci-
ties and their effectiveness depends on an extent to which a material a mask is made of can retain droplets and aerosol parti-
cles containing the virus. Bacterial filtration can be used an as indicator showing how effectively a mask protects from con-
tagion and air permeability can be used to estimate how comfortableit is to wear it.

Our research aim was to comparatively assess effectiveness and comfort in wearing provided by masks which were
most frequently used by people during the pandemic.

We examined medical, cotton, and neoprene masks. Bacterial filtration was determined in accordance with the proce-
dure stipulated in the State Standard GOST 12.4.136-84. Air permeability was estimated by determining how thin air was
with VTPM-2 device produced by “ Metroteks” LLC. All the data were statistically analyzed with StatTech v. 2.4.1 software
package. We calculated quantitative indicators (M + SD, 95 % CI for normal distribution), Fischer’s test (comparison be-
tween groups as per quantitative indicators) and Spearman’s rank correlation coefficient (directions and intensity of corre-
lations). We developed our predictive model using linear regression.

© Shashina E.A., Belova E.V., Gruzdeva O.A., Skopin A.Y., Andreev S.V., Zhernov Y.V., Zhukova A.V., Isiutina-
Fedotkova T.S., Makarova V.V., Mitrokhin O.V., 2022

Ekaterina A. Shashina — Candidate of Medical Sciences, Associate Professor at the General Hygiene Department
(e-mail: shashina_e a@staff.sechenov.ru; tel.: +7 (499) 248-51-55; ORCID: http://orcid.org/0000-0002-5294-6813).

Elena V. Belova — Assistant at the General Hygiene Department (e-mail: belova e v@staff.sechenov.ru; tel.: +7 (499) 248-51-55;
ORCID: http://orcid.org/0000-0002-2134-6348).

Olga A. Gruzdeva — Doctor of Medical Sciences, Professor at the Epidemiology Department (e-mail: epidrmapo@mail.ru;
tel: +7 (495) 455-90-91; ORCID: http://orcid.org/0000-0002-1244-1925).

Anton Yu. Skopin — Candidate of Medical Sciences, Associate Professor at the General Hygiene Department; Head
of the Department for Scientific Support of Laboratory Research of Products and Environmental Objects (e-mail:
skopin_a_yu@staff.sechenov.ru; tel.: +7 (499) 248-51-55; ORCID: https://orcid.org/0000-0001-7711-9489).

Sergey V. Andreev — Candidate of Chemical Sciences, Associate Professor at the Analytical Chemistry Department;
Head of the Laboratory of Chemical Research of Disinfectants (e-mail: nautilusser@gmail.com; tel.: +7 (915) 177-45-26;
ORCID: https://orcid.org/0000-0003-2405-9931).

Yury V. Zhernov — Doctor of Medical Sciences, Associate Professor, Professor at the General Hygiene Department
(e-mail: zhernov_yu_v@staff.sechenov.ru; tel.: +7 (499) 256-71-15; ORCID: http://orcid.org/0000-0001-8734-5527).

Anastasia V. Zhukova — Postgraduate Student at the Department of Microbiology, Virology and Immunology (e-mail:
zhukova_a v1@student.sechenov.ru; tel.: +7 (495) 629-75-79; ORCID: https://orcid.org/0000-0002-1691-6481).

Tatiana S. Isiutina-Fedotkova — Candidate of Medical Sciences, Associate Professor at the General Hygiene Department
(e-mail: isyutina-fedotkova_t_s@staff.sechenov.ru; tel.: +7 (499) 248-51-55; ORCID: https://orcid.org/0000-0001-8423-9243).

Valentina V. Makarova — Candidate of Medical Sciences, Associate Professor at the General Hygiene Department
(e-mail: makarova v_v@staft.sechenov.ru; tel.: +7 (499) 248-51-55; ORCID: http://orcid.org/0000-0002-7213-4265).

Oleg V. Mitrokhin — Doctor of Medical Sciences, Professor, Head of the General Hygiene Department (e-mail:
mitrokhin o v@staff.sechenov.ru; tel.: +7 (499) 248-53-85; ORCID: http://orcid.org/0000-0002-6403-0423).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 85



E.A. Shashina, E.V. Belova, O.A. Gruzdeva, A.Y. Skopin, S.V. Andreev, Y.V. Zhernov, A.V. Zhukova ...

The research results indicate that the neoprene mask tends to have the highest bacterial filtration; the cotton mask, the
highest air permeability. We detected a correlation between bacterial filtration and air permeability.

All masks are quite comparable to a medical one as per all their combined examined characteristics and can be used
as a barrier for mitigating risks of droplet infections spread. It is advisable to further investigate face masks with concentrat-
ing on more characteristics of their effectiveness, comfort in wearing and safety.

Key words: face mask, COVID-19, bacterial filtration, air permeability, cotton mask, neoprene mask, medical mask,

statistical analysis.

The COVID-19 pandemic caused by
SARS-CoV-2 virus which started in December
2019 still remains a threat to human health all
over the world [1]. Despite newly developed
and quite effective immunobiological medica-
tions and wide-scale vaccination the COVID-19
incidence is growing at the moment due to
new occurring SARS-CoV-2 virus strains.
Therefore, non-drug approaches to COVID-19
prevention, face masks included, are still con-
sidered a simple and effective way to reduce
risks of the infection spread [2-5].

In different countries there are different
approaches to regulation of mask wearing dur-
ing the COVID-19 pandemic. Primarily, all
these approaches take into account epidemiol-
ogical significance and barrier functions of a
mask but they are not usually based on its hy-
gienic assessment. The WHO recommends
people in general and those who work in
closed spaces or in close proximity from each
other (or clients) to use non-medical (woven)
masks consisting of 3 layers'. The US Centers

for Disease Control and Prevention recom-
mend using woven masks made of at least
2 layers of materials with good air permeabil-
ity whereas the European Center for Disease
Prevention and Control recommends both
medical and non-medical masks which meet
the requirements on effective filtration and air
permeability’. In China it is recommended to
wear non-reusable medical masks in places
where contagion risks are relatively low and
non-medical masks in places where these risks
are low". In the Russian Federation, just as in
some other countries, administrative, organiza-
tional, technical, sanitary and hygienic meas-
ures were introduced step by step. All these
measures were aimed at preventing COVID-19
spread [6]. At present, it is mandatory to wear
hygienic masks in public places and public
transport’; employers are obliged to provide
their workers with non-reusable masks to be
worn at workplaces’.

Effectiveness of protection provided by a
mask depends on a material it is made of; to be

' Mask use in the context of COVID-19: interim guidance. Geneva, Switzerland, World health organization, December 1,
2020, 22 p.; Preventing and mitigating transmission of COVID-19 at work: policy brief, 19 May 2021. WHO, ILO, 2021, 23 p.

2Masks. Centers for Disease Control and Prevention, 2020. Available at:

https://www.cdc.gov/coronavirus/2019-

ncov/prevent-getting-sick/diy-cloth-face-coverings.html (November 09, 2021).

3Using face masks in the community: first update. Effectiveness in reducing transmission of COVID-19. Stockholm, Euro-
pean Centre for Disease Prevention and Control, 15 February 2021. Available at: https://www.ecdc.europa.eu/sites/default/
files/documents/covid-19-face-masks-community-first-update.pdf (November 09, 2021).

* China Guidelines for the selection and use of different types of masks for preventing new coronavirus infection in dif-

ferent populations. The Sate Council.

The People's Republic of China, February 3,

2020. Available at:

http://www.gov.cn/xinwen/2020-02/05/content_5474774.htm (November 09, 2021) (in Chinese).
>0 dopolnitel'nykh merakh po snizheniyu riskov rasprostraneniya COVID-19 v period sezonnogo pod"ema zabolevaemosti

ostrymi respiratornymi virusnymi infektsiyami i grippom: Postanovlenie glavnogo gosudarstvennogo sanitarnogo vracha RF ot
16.10.2020 Ne 31 [On additional activities aimed at reducing risks of COVID-19 spread during a seasonal rise in morbidity with
acute respiratory virus infections and flu: The Order by the RF Chief Sanitary Inspector issued on October 16, 2020 No. 31].
The official Internet portal of legal information. Available at: http://publication.pravo.gov.ru/Document/View/0001202010270001
(November 09, 2021) (in Russian).

%0 merakh po profilaktike novoi koronavirusnoi infektsii (COVID-19): Pis'mo Rospotrebnadzora ot 10.03.2020 Ne 02/3853-
2020-27 [On prevention measures against the new coronavirus infection (COVID-19): The Letter by Rospotrebnadzor issued on
March 10, 2020 No. 02/3853-2020-27]. The Federal Service for Qurveillance over Consumer Rights protection and Human Wellbe-
ing. Available at: https://www.rospotrebnadzor.ru/deyatelnost/epidemiological-surveillance/’ELEMENT ID=13955 (November
09, 2021) (in Russian).
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more exact, it depends on how well this mate-
rial retains droplets and aerosol particles which
contain viruses. Although the size of SARS-
CoV-2 virus is about 1 pm, virus particles at-
tach to water droplets which are released into
the air by sick people when they she breathe,
sneeze, cough, or talk. Therefore, the total size
of a single infecting virus particle together
with water becomes larger and varies from 5 to
15 um [7, 8]. According to some other data,
when a person breathes, water particles which
are released in the process vary from 0.1 to
1000 pum [9]. Pore size in a medical mask var-
ies from 0.3 to 10 um and is quite comparable
to sizes of various bacteria. For example,
Saphylococcus aureaus is 0.8—1 pm in diame-
ter; this bacterial culture is often used to deter-
mine bacterial permeability of personal protec-
tive equipment (GOST 12.4.136-84). Therefore,
masks which are recommended to be worn by
people for protection make contagion with coro-
naviruses less probable and bacterial filtration
can be used as an indirect indicator showing how
effectively a mask protects from respiratory viral
infections, COVID-19 included.

Comfort in wearing is primarily deter-
mined by air permeability of a material a mask
it made from [10-14]. This property deter-
mines how easy it is for a person to breathe
through a mask; it also determines if there is a
probability of various adverse effects produced
by wearing it such as breathing discomfort,
headache, and local skin reactions.

Our research aim was to comparatively
assess effectiveness and comfort in wearing

provided by masks which were used by popu-
lation during the pandemic.

To achieve it, it was necessary to solve
the following tasks:

1. To determine effectiveness of bacterial
filtration provided by the most frequently used
types of masks as an indicator showing effec-
tiveness.

2. To determine air permeability of the
most frequently used masks as an indicator
showing comfort in wearing.

3. To comparatively assess effectiveness and
comfort provided by different types of masks.

Materials and methods. We selected
3 types of masks to be examined bearing in
mind our accomplished market analysis which
focused on sales of respiratory protective
equipment applied during this pandemic [15]
as well as recommendations on mask wearing
developed in different countries (Table 1).

Examined masks of each type were bought
from the same manufacturer.

Bacterial filtration was determined as per
the conventional procedure stipulated in the
State Standard GOST 12.4.136-84 “Personal
protective means. Method for determination of
microorganism permeability”’. The procedure
involves comparing a number of grown
Staphylococcus aureus colonies which pene-
trated through a tested mask with a number of
colonies grown on control plates. We calcu-
lated the bacterial filtration coefficient as
1 — (M + M;)-100 where M was a simple mean
of a number of colonies for each sample and
M1 was a simple mean of a number of colonies

Table 1
Examined types of masks
Type Description
Medical Disposable medical non-woven 3-layer (spunbond / metlblown) mask with noise clip and
ear straps
Cotton Reusab.le non-medical cotton 2-layer mask with behind-the-ear loops, without nose clip and
exhalation valve
Reusable non-medical neoprene one-layer mask with behind-the-ear loops, without nose
Neoprene . .
clip and exhalation valve

"The State Standard GOST 12.4.136-84. System of safety standards. Personal protective means. Method for determination of
microorganism permeability: approved and validated by the Order of the USSR State Committee on standards issued on March 23,
1984 No. 896. KODEKS an eectronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/

document/1200012741 (November 09, 2021) (in Russian).
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in control. All the tests were conducted by an
accredited testing laboratory.

Air permeability was determined as per
how thin the air was using VIPM-2 device
manufactured by “Metroteks” LLC (Russia).
Pressure difference at air passage through a
sample was kept at the same level equal to
49 Pa. We estimated air output in I/sec through
the preset cross-sectional area of a mask. Ten
measurements were accomplished for each
sample. The results were checked with Q-test
to identify and reject outliers.

We statistically analyzed all the data us-
ing StatTech v. 2.4.1 software package (“Stat-
Tech” LLC, Russia). Quantitative indicators
were checked to determine whether they were
distributed normally using Shapiro — Wilk test.
Quantitative indicators which were distributed
normally were described with simple means
(M) and standard deviations (SD) as well as
boundaries of the 95 % confidence interval
(95 % CI). Fischer’s test was applied to com-
pare the analyzed groups as per quantitative
indicators. We applied Spearman’s rank corre-
lation coefficient to determine direction and
intensity of correlations between two quantita-
tive indicators. We developed our predictive
model which characterized dependence be-
tween a quantitative variable and various fac-
tors by using linear regression.

Results and discussion. Table 2 pro-
vides results produced by examining bacterial
filtration.

All the examined masks had comparable
bacterial filtration. Bacterial filtration of the
examined medical masks didn’t conform to the

standard value. We established that the cotton
mask had the lowest bacterial filtration out of
all three examined types. The neoprene mask
turned out to be less permeable for bacteria
than the medical mask made of spunbond /
meltblown.

There are multiple research works with
its basic focus being on aerosol filtration ef-
fectiveness of masks. The authors estab-
lished that medical masks protected from the
COVID-19 agent better than cotton ones and
were inferior only to respirators [14, 16—19].
According to Brazilian researchers, neoprene
masks provide as good filtration as medical
ones do [20].

We compared air permeability of different
masks (Table 3 and Figure).

Having analyzed air permeability depending
on a type of a mask, we revealed that there were
statistically significant differences (p < 0.001, the
applied procedure was Fischer’s test).

According to the requirements'® materials
which contact human skin directly should have
air permeability being not lower than
100 dm*/m?sec. Air permeability of all the
examined masks conformed to these re-
quirements. The cotton mask was established
to have the highest air permeability.

Our results produced by estimating air
permeability are similar to those described by
other authors. For example, cotton masks were
established to have air permeability which was
approximately by 2 times higher than that of
medical masks made from spunbond / melt-
blown [13]. However, Brazilian experts also
showed that neoprene masks had extremely

8 GOST 58396-2019. Medical face masks. Requirements and test methods: approved and introduced by the Order of
the Federal Agency on Technical Regulation and Metrology on March 28, 2019 No. 115-st. KODEKS: an electronic fund
for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200163559 (November 12, 2021)

(in Russian).

® AFNOR SPEC $76-001. Masque barriére. Guide d’exigenceminimales, de méthoded’essais, de confection etd’usage
[Barrier masks. Guide to minimum requirements, methods of testing, making and use]. AFNOR, 2020. Available at:
https://www.snof.org/sites/default/files’ AFNORSpec-S76-001-MasquesBarrieres.pdf (November 12, 2021) (in French).

TR TS 017/2011. O bezopasnosti tovarov legkoi promyshlenosti (s izmeneniyami na 9 avgusta 2016 goda): utv.

Resheniem Komissii Tamozhennogo soyuza ot 09.12.2011 Ne 876 [CU TR 017/2011. On safety of goods manufactured
by light industries (last amended on August 9, 2016): approved by the Decision of the Customs Union Commission on
December 9, 2011 No. 876]. KODEKS: an electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/902320564 (November 09, 2021) (in Russian).
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Table 2
Bacterial filtration provided by different types of masks
Tvpe Bacterial filtration coefficient, %
P Research results Standard value
Medical 85.00 > 95"
Cotton 62.50 > 50’
Neoprene 93.75 >70°
Table 3
Analysis of air permeability depending on a type of a mask
Air permeability (dm*/m’sec)
Type M+ SD 95 % CI n P
Medical 209.28 £ 8.75 198.42-220.14 10 . ~0.001
Cotton 397.85 +£22.99 369.31-426.39 10 gnmed“‘*”“"“ — 0.001
Neoprene 248.69 £52.73 183.22-314.17 10 coprenc —eotion

Note: nisanumber of samples.

Figure. Analysis of air permeability depending on
a type of a mask

Table 4

Analysis of the correlation between bacterial
filtration and air permeability

Correlation characteristics
. Correlation
Indicator . .
Iy Intensity as per p
Chaddock scale
Bacterial filtration — .
Air permeability -0.889 High 0.303

low air permeability and didn’t conform to
safety standards [20].
We analyzed the correlation between bac-
terial filtration and air permeability (Table 4).
The expected dependence of bacterial fil-
tration from air permeability is given by the
following pair linear regression equation:

y=—0.144x + 121.491,

where Yy is bacterial filtration and X is air per-
meability.

When air permeability goes down by 1
dm®/m’sec, we should expect a rise in bacterial
filtration by 0.144. This model explains
79.0 % of the observed dispersion of bacterial
filtration.

Our research results prove there is de-
pendence between air permeability of a mate-
rial a mask is made from and its bacterial fil-
tration coefficient. Thus, the neoprene mask
had the highest bacterial filtration but its air
permeability was average. This can be due to
neoprene being more hydrophobic that cotton
and this prevents microorganisms which
spread in the air together with water droplets
from penetrating through the mask.

Research limitations. We didn’t examine
respirators since the WHO recommends them
only for medical personnel who work with pa-
tients in an environment where virus aerosol
can occur in the air and not for the general pub-
lic. Besides, qualitative respirators which con-
form to all international standards and are regis-
tered in the Russian State Medical Equipment
and Organizations Register are rather expensive
and therefore rather rarely used by population.

In future it is necessary to examine each
type of masks produced by different manufac-
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turers. It is also advisable to examine other
properties of face masks influencing their ef-
fectiveness, comfort in wearing and safe eve-
ryday use. These properties are absorbability,
chemical structure, changes in skin tempera-
ture and humidity behind a mask etc.

Conclusions. The neoprene mask turned
out to have the highest bacterial filtration
(93.75 %); the cotton mask, the highest air
permeability (397.85 + 22.99 dm’/m’sec).

We established and described the correla-
tion between bacterial filtration and air perme-
ability (r =0.889, p=0.3).

All the examined masks were comparable
with a medical one as per all their combined
examined characteristics and can be used as a
barrier for mitigating risks of droplet infec-
tions spread.

It is necessary to conduct further research
focusing on more properties of face masks
which allow estimating their effectiveness,
comfort, and safety.
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SCHISTOSOMA HAEMATOBIUM BILHARZIASIS DURING OVERWINTERING
IN ADELIE LAND: HEALTH AND OPERATIONAL RISK IN ANTARCTICA

A. Buguet
Malaria Research Unit, Claude-Bernard Lyon-1 University, Villeurbanne, 69622, France

While serving from December 1970 to January 1972 as a medical doctor of the 21% French Polar Expedition in
Adelie Land, Antarctica, at Dumont d’'Urville Station, the author diagnosed Schistosoma haematobiumurinary bilharz-
asis in a winterer who suffered from pain in the right iliac fossa, at the beginning of the overwintering. The patient had
participated in a bush investigation in West Africa, but, despite his complaints, the illness had not been diagnosed prior
to the Antarctic expedition. Microscopic examination revealed Schistosoma haematobium eggs in the urine centrifugation
deposit. In the absence of anti-bilharziasis medication, the patient was treated symptomatically with urinary antiseptic or
antibiotic, hemostatic and antihistamine medications to palliate the egg deposition in the bladder wall and the subsequent
induction of inflammatory reactions. Nine months later, a US Navy plane landed on the continent in the vicinity of the
French Station and delivered the specific parasiticidal niridazole tablets. The patient received three niridazol e tablets per
day during one week. He returned to Paris in March 1972. Exploratory medical tests did not reveal any bladder or uri-
nary tract alteration. He never since complained of any related problem. Recommendations are provided to avoid per-

sonal and / or operational risks due to such tropical infectious diseases during Antarctic expeditions.
Key words: Adelie Land, Antarctic, overwintering, Schistosoma haematobium, niridazole, medical risks.

Introduction to the case study. Polar
expeditions offer unique medical challenges
when medical emergencies or peculiarities
arise. The latter may endanger individual
and/or overwintering groups, particularly if
these occur after the so-called summer cam-
paign, during the actual winter-over. Outside
access is then out of the question and evacua-
tion of medical emergencies may reveal im-
possible. Besides, medications are in limited
supplies reinforcing the medical challenge and
risk. The author wishes to present the excep-
tional and ‘exotic’ case of Schistosoma haema-
tobium bilharziasis that occurred while he
served as a medical doctor on the 21* French
Polar Expedition in Adelie Land at Dumont
d’Urville Station or DDU Station (66° 40’

© Buguet A., 2022

South, 140° 01° East, Figure) between Decem-
ber 1970 and January 1972 [1].

On January 16, 1971, the author received,
for the statutory monthly consult, a 29-year-
old mechanic. He was meant to winter-over at
DDU until the end of December 1971 and to
participate in the following January and Feb-
ruary 1972 summer campaign. His polar ex-
pertise had been acquired previously in 1967,
as a member of the second International Gla-
ciological Expedition to Greenland. As a vol-
unteer for the 1971 overwintering, he had fol-
lowed the enrolment procedure including a
medical consultation at the Paris Val-de-Grace
military hospital (March 19, 1970) that only
revealed a slight blood eosinophilic polymor-
phonuclear cell count (222/ml). He was
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Figure. Watercolor sketch of Dumont d’Urville Station built on Petrel Island in Adelie Land,
Antarctica, during the overwintering between December 1970 and March 1972

selected and underwent a voluntary “preven-
tive” appendectomy in October 1970 in Paris.
Such a recommendation had been issued by
French Polar Medical Services after the 1961
Leonid Rogozov’s self-operated appendec-
tomy while overwintering at the Antarctic No-
volazarevskaya Soviet base [2].

Over several months since summer
1969, the patient had occasionally noticed
red traces in his urines, associated with
slight perineal pain and itch, and frequent
urinations. Nevertheless, he had not worried
about it. On February 16, 1971, he com-
plained about perineal itch, associated with
pollakiuria and dull pain in the right iliac
fossa. The symptoms had recently become
exaggerated. On examination of the patient,
the author did not observe any pathological
signs, and the symptoms were attributed to
the hard outside physical work in preparation
for the Antarctic overwintering.

Diagnosis of bilharziasis. On March 1%,
the patient mentioned casually to the author
that he had worked eight months in West Af-
rica between October 1968 and May 1969. He
had been hired as a mechanic and driver to

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

serve in a field trial organized by the French
National Institute of Geography (French ac-
ronym IGN) at the Senegal-Mali border. He
was notably in charge of the safety of the
IGN trucks in fording across the Falémé
River. The author himself had spent several
years in Africa and had recently completed
courses to familiarize in tropical diseases at
the Marseilles “Pharo” Institute of Tropical
Medicine. He became suspicious of a poten-
tial contamination of the patient by Schisto-
soma haematobium.

The author summoned the patient to the
infirmary and requested a urine sample. After
centrifugation of the urine sample for 5 min at
4,000 revolutions/min using the old hand cen-
trifuge that equipped the laboratory, a micro-
scopic examination of the centrifuged deposit
revealed numerous Schistosoma haematobium
eggs, with their characteristic apical spine. Egg
vitality was tested under the microscope by
adding a drop of lukewarm water, which pro-
voked immediately the exit of miracidia easily
visible by light refraction. The author con-
cluded that the patient was at the second egg
laying stage of urinary schistosomiasis. He
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called the patient, showed him the eggs and
performed a demonstrative water test. Small
pelvis radiography did not reveal any bladder
wall thickening or calcifications. No specific
treatment could be undertaken, as the DDU
Station pharmacy did not contain any specific
antiparasitic medication, such as niridazole,
nor any other parasitical product (praziquantel
had not yet been approved for humans), to
treat parasitosis.

The Thala Dan ship, operated then by
the French Polar Expeditions to support
DDU Station, arrived on March 2, 1971 to
transfer the members of the summer cam-
paign back to Hobart (Tasmania). The Chief
Medical Officer of the French Polar Expedi-
tions was on board for a three-day inspec-
tion. The author presented the patient’s case
and identified the potential risk of inflamma-
tory granulomatosis susceptible of evolving
towards carcinogenesis.

Symptomatic palliative treatment dur-
ing overwintering. Pressure was exerted by
the summer campaign field authorities to al-
low the patient to remain in Antarctica due to
his polar field expertise, especially in operat-
ing the M29 Weasel Half Tracks of the
French Polar Expeditions. It was decided that
the patient would winter-over at DDU Sta-
tion. A symptomatic treatment was under-
taken after reception of an informative tele-
gram from the Director of the Marseilles
Pharo Institute. Diverse medications present
in the DDU pharmacy stock were used to pal-
liate oviposition in the bladder wall: urinary
antiseptics or antibiotics (sulfamethizole, tet-
racyclins), hemostatics and antihistamines.
By the end of the overwintering, this medica-
tion stock was almost worn out [3]. Urinary
Schistosoma haematobium eggs were counted
weekly using the laboratory microscope to
verify that the bladder wall was permeable for
the eggs.

During the overwintering, the symptoms
diminished progressively, except for a dull
pain at the right iliac fossa that gradually sub-
sided by mid-April. Acute short pain episodes
supervened occasionally. Blood eosinophilia
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persisted at around 400 cells/ml. After the
patient himself interrupted his treatment dur-
ing one month in June, he complained of right
iliac fossa pains and presented a slight hema-
turia with tiny blood clots in the urine. Viable
eggs (lukewarm water test) were present.
Symptomatic treatment was resumed in July
1971, but was again interrupted by the patient
in August. He was consulted on September 7,
1971 to resume symptomatic treatment be-
cause he had been concerned by post-
defecation hematuria. Hematuria decreased
under symptomatic treatment over a period of
three weeks.

Specific parasiticidal treatment and
cure. On November 1%, 1971, a US Navy
Lockheed LC-130 Hercules plane landed an
International Antarctic Glaciological Project
French team on the D10 continental plateau
landing strip, at 10 km from DDU [4]. The
team conveyed the niridazole medication to
treat the patient. The niridazole treatment ses-
sion was undertaken on November 18, 1971
with three tablets administered daily, still ac-
companied by the symptomatic treatment [5].

On November 25, a small basin radiogra-
phy test showed an enlargement of vesical and
right ureteral walls. No undesirable neuro-
psychological or cardiac side effects were
noted [6]. The iliac fossa pain and hematuria
disappeared in two weeks. On December 7,
1971, the patient still didn’t have any symp-
toms and Schistosoma haematobium eggs were
not detectable in his urine samples.

The author left DDU Station at the be-
ginning of January 1972 to return to France
and was replaced by a new medical doctor.
The patient continued to work at DDU Station
during the summer campaign that ended at the
beginning of March 1972. Being symptom-
less, he did not consult the new DDU medical
doctor.

After he returned to France, the patient
reported to the Paris Medical Services of the
French Polar Expeditions in April 1972. He
underwent a medical check-up at the Paris
Pitié-Salpétriere Hospital [7]. His urine did
not contain any Schistosoma haematobium
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eggs, and eosinophilia had decreased to 2 %
of white blood cells. Specific serologic tests
showed residual antibody levels. Cystoscopy
and intravenous urography did not reveal any
lesions.

The patient has never experienced any re-
lated problems since then [8], especially, no
sequelae due to oviposition, such as bladder
wall calcifications, bladder masses, small ca-
pacity scarred bladder, bladder stones, bladder
neck sclerosis, stenosis of ureteral orifices,
ureteral stones, ureteral wall calcifications, hy-
dro ureter or bladder cancerization. This may
have been helped by the maintenance of urinary
bladder wall permeability during the several
months-long symptomatic treatments, which
palliated any egg deposition.

Conclusion and learning points on
health and operational risk. The author
chose to report this unique case of Schisto-
soma haematobium bilharziasis as it consti-
tutes an historical ‘exotic’ medical case in
Antarctica, along with a personal risk for the
patient as well as an operational risk for the
expedition team.

Key points concerning the health and op-
erational risk of such a disease occurring in a
small human group isolated in Antarctica are
as follows:

e The parasite is encountered principally
in African and South or Oriental Mediterra-
nean areas. Except for the present case, schis-
tosomiasis has never been observed in Antarc-
tica. The present case surfaced after the pa-
tient’s sojourn in West Africa.

e Health risk assessment for tropical dis-
eases at the recruitment medical visit should
be sought by simply asking all candidates
preparing to sojourn in Antarctica or Sub-
Antarctic territories if they have ever worked
or lived in areas where tropical diseases are
prevalent.

e The decision to use of symptomatic pal-
liative treatment during several months seemed
to help cure the disease with specific parasiti-
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cidal treatment.The patient never suffered from
any specific treatment adverse effect.

¢ On the patient’s point of view, the deci-
sions taken in Antarctica, regarding his main-
tenance as a member of the expedition while
receiving symptomatic treatment followed by
specific anti-bilharziasis treatment when avail-
able, allowed the patient to complete his win-
ter-over, and permitted his professional carrier
development.

e This case study illustrates unique unex-
pected risks that may confront medicine in iso-
lated small groups separated from broader
medical assistance.

Acknowledgements. The author wishes to
thank the patient for his agreement on the publi-
cation of his medical case. He recognizes the help
and full support from Professor Jean Rivolier, his
defunct friend, who established the Medical Ser-
vices of the French Polar Expeditions and of the
French Austral and Antarctic Territory (French
acronym TAAF). The author is thankful to Pro-
fessor Marian Walter Radomski, University of
Toronto, for editing the manuscript, and to Doctor
Jacques Reis, University of Strasbourg, for his
helpful comments. The author is also indebted to
Pierre de Chateau-Thierry for providing the pic-
ture of one of his watercolor sketches executed
during the 1970-1972 overwintering at Dumont
d’Urville Station.

Funding. Although no specific funding
sources were identified, the author acknowledges
the conventional support and subsequent help from
the “Terres australes et antarctiques francaises
(TAAF)” territory and the “Expéditions polaires
frangaises — Missions Paul-Emile Victor” during
the 1970-1972 overwintering at Dumont d’Urville
Station in Adelie Land.

Conflict of interests. The author discloses
any conflict of interests, notably any association
with commercial entities for the work reported in
the submitted manuscript nor with commercial en-
tities that could be viewed as having an interest in
the general area of the submitted manuscript nor
with any financial associations involving relatives
nor any non-financial associations that may be
relevant to the submitted manuscript.

ISSN (Eng-online) 2542-2308 95



A. Buguet

References

1. International Antarctic Glaciological Project. Polar Record, 1971, vol. 15, no. 98,
pp- 829-833. DOI: 10.1017/S0032247400062033

2. Rogozov V., Bermel N. Auto-appendectomy in the Antarctic: case report. BMJ, 2009,
vol. 339, pp. b4965. DOI: 10.1136/bmj.b4965

3. Buguet A. Rapport d’activité médicale de la 21° expédition polaire frangaise, 1972 (in French).

4. Evans S., Drewry D.J., Robin G. de Q. Radio-echo sounding in Antarctica, 1971-72. Polar Re-
cord, 1972, vol. 16, no. 101, pp. 207-212. DOI: 10.1017/S003224740006280X

5. Wolfe H.L. Treatment of urinary schistosomiasis with niridazole (Ambilhar) in 576 African
schoolchildren. Lancet, 1967, vol. 289, no. 7486, pp. 350-354. DOI: 10.1016/S0140-6736(67)92894-2

6. McMahon J.E. A report on the side effects of ambilhar (niridazole) and the effect of antihista-
mines and aspirin on these reactions. Trans. Roy. Soc. Trop. Med. Hyg., 1967, vol. 61, no. 5, pp. 648—
652. DOI: 10.1016/0035-9203(67)90127-7

7. Fall B., Sow Y., Traoré A., Ondo C.Z., Diagana M., Sarr A., Sine B., Faye S.T. [et al.]. Clinical
and pathological aspects of the sequelae of urogenital schistosomiasis: findings regarding 43 cases. Int. J.
Clin. Ural., 2019, vol. 3, no. 1, pp. 10-14. DOI: 10.11648/j.ijcu.20190301.13

Buguet A. Schistosoma haematobium bilharziasis during overwintering in Adelie Land: health
and operational risk in Antarctica. Health Risk Analysis, 2022, no. 1, pp. 92-96.
DOI: 10.21668/health.risk/2022.1.10.eng

Received: 27.02.2022
Approved: 11.03.2022
Accepted for publication: 14.03.2022

96 Health Risk Analysis. 2022. no. 1



RISK ASSESSMENT IN PUBLIC HEALTHCARE

UDC 616.12.-089.168.1-085.816.2-06:
616.24-002.1-022.369 DOI: 10.21668/
health.risk/2022.1.11.eng

Research article

ARTIFICIAL VENTILATION AS A RISK FACTOR CAUSING
HOSPITAL-ACQUIRED PNEUMONIA (HAP) IN PATIENTS TREATED
IN THE INTENSIVE CARE UNIT OF A CARDIAC SURGERY HOSPITAL

V.I Sergevnin', L.G. Kudryavtseva®, P.V. Lazarkov'?

'Perm State Medical University named after Academician E.A. Wagner, 26 Petropavlovskaya Str., Perm,
614990, Russian Federation

’S.G. Sukhanov’s Federal Center for Cardiovascular Surgery, 35 Marshala Zhukova Str., Perm, 614013,
Russian Federation

Hospital-acquired pneumonia (HAP) is the most common purulent septic infection among patients treated in intensive care
units (ICUs) at cardiac surgery hospitals. Risk factors that can cause HAP, in particular, contribution made by artificial ventilation
(AV) have not been studied enough. Our objective was to examine an epidemiological role played by AV in HAP occurrence among
children and adults treated in the intensive care unit at a cardiac surgery hospital. We examined health records of 5318 patients
(503 children and 4815 adults) who had a cardiac surgery due to congenital heart diseases or acquired cardiovascular disorders
over 1 year. HAP was identified according to the epidemiological standards for case definition. Besides, we took into account pre-
nosologic HAP cases, that is, patients already having certain pathological symptoms typical for purulent septic infections, but till,
even combined, these symptoms were not enough to diagnose a typical HAP case in accordance with the standard case definition.
Data were statistically analyzed by calculating the y* goodness-of-fit test. We established that most HAP cases occurred among
patients of a cardiac surgery hospital who were being treated in the intensive care unit after a surgery. We proved AV to be the
leading risk factor causing HAP. Higher incidence rates of HAP were detected among children in comparison with adults. We
showed that Klebsiella pneumoniae was the primary infectious agent that caused HAP. Particularly, background respiratory dis-
eases and diseases of the central nervous system were proven to be endogenous risk factors of developing HAP among patients
treated in the ICU at a cardiac surgery hospital.

Key words: cardiac surgery hospital, intensive care unit, hospital-acquired pneumonia, risk groups, etiology, role
played by artificial ventilation.

Intensive care units (ICUs) are those di-
visions in medical organizations where there
are the highest risks of hospital acquired puru-
lent septic infections [1, 2]. Hospital acquired
pneumonia (HAP) is the most common infec-
tion among patients treated in them [3, 4].
HAP occurs in 9-65 % patients in intensive
care units [5-7], Klebsiella pneumoniae [8]
being the leading infectious agent.

© Sergevnin V.1, Kudryavtseva L.G., Lazarkov P.V., 2022

HAP in intensive care units often occurs
in patients who have to undergo artificial ven-
tilation (AV). In this case it is conventional to
call it AV-associated or ventilator-associated
pneumonia (VAP) [2, 7, 9]. Artificial airways
created with an AV device are assumed to
make swallowing less efficient. Bacteria can
penetrate the lower airways either directly or
through a split between tracheal tube walls and
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the airways thus causing an infection. Besides,
long-term ventilation creates elevated risks of
infections in the airways due to humidifiers
and ventilation circuits [7].

Incidence of ventilator-associated pneu-
monia varies from 5 to 80 % (depending on a
population of patients, severity of their cases,
and AV duration) [10]. Frequency of occurring
HAP is close to 80-100 % after a two-week
AV period. Stratified incidence rate of HAP
varies from 9.1 to 52.7 per 1000 AV-days
spent in an ICU [10-12].

There are some works that dwell on re-
sults produced by comparative assessment of
HAP incidence among children and adults.
Some authors state that adults, especially those
who are older than 60 years, have ventilator-
associated pneumonia more often than chil-
dren [13]. But at the same time others note
there are no differences in incidence rate of the
disease among children and adults [14].

There are available literature data on fre-
quency of ventilator-associated pneumonia and
risk factors that cause the disease in ICUs of
surgical, oncologic, neurological, therapeutic
and pediatric in-patient hospitals [5, 15]. But
the issue hasn’t been given proper attention
with respect to an intensive care unit of a car-
diac surgery hospital.

Our objective was to examine an epi-
demiological role played by artificial venti-
lation in occurrence of hospital acquired
pneumonia among children and adults
treated in an intensive care unit of a cardiac
surgery hospital.

Materials and methods. Our study was
accomplished in a specialized cardiac surgery
hospital for children and adults where open
heart surgeries and endovascular invasions on
the heart and vessels are performed. Surgeries
are performed in equipped operating rooms;
then, patients are moved into an ICU where
they can spent some time, starting from 1 day
and for a longer period, depending on their
clinical condition. After that patients are
moved into cardiac surgery units. Patients who
have undergone an endovascular invasion can
be moved directly into an ordinary surgery
unit without any time spent in an ICU.

98

We examined health records of 5318 pa-
tients (503 children and 4815 adults) who
were treated in a cardiac surgery hospital and
who had a heart surgery due to congenital
heart diseases or acquired cardiovascular dis-
orders over the last year. HAP was identified
in accordance with the epidemiologic stan-
dard for the case definition [16]. Besides, we
took into account pre-nosologic HAP, that is,
cases when patients already had certain
pathological symptoms typical for pneumonia
but all these symptoms combined still were
not enough to diagnose typical pneumonia
according to the standard case definition [17].
Incidence rates of typical and prenosological
HAP were calculated per 1000 patients. Our
analysis included only patients who had HAP
as a monoinfection. We considered a period
during which a postoperative patient was ven-
tilated starting from intubation and up to the
first clinical signs of HAP as well as AV du-
ration in case the first clinical HAP signs ap-
peared after extubation. And in case a patient
was ventilated several times during his or her
period in the ICU, we took only a period of
time from the next intubation and up to the
first clinical signs of HAP. Ventilator-
associated pneumonia was a HAP case when
the disease occurred after a patient spent 48
hours ventilated [15]. HAP incidence density
was calculated as per 1000 AV days.

We considered microorganisms to be iso-
lated from patients with HAP only if they
were identified at appearance of the first
clinical HAP signs. Repeated cases of infec-
tious agents’ identification were neglected.

All materials were statistically analyzed
by calculating y* goodness-of-fit test. We
determined confidence intervals for calcu-
lated rates (0.95 % CI) using WinPepi soft-
ware package, Version 11.65 (created by
Professor Joe Abramson, Israel). Differences
between the rates were considered statisti-
cally significant at ¥* > 3.8 (p < 0.05). As-
sessment of risk factors involved calculating
relative risk (RR) and respective 95 % confi-
dence intervals.

Results and discussion. Overall, over
the last year 503 children and 4815 adults
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were operated in the examined cardiac sur-
gery hospital. 246 children and 1567 adults
were moved to the ICU after surgery. Data in
Table 1 show that there were only sporadic
HAP cases among patients who didn’t spend
any time in the ICU after surgery. Con-
versely, almost all HAP cases occurred
among patients who were sent to the ICU af-
ter surgery and spent some time ventilated. A
number of typical and prenosological HAP
among patients treated in the ICU was greater
among children (31.5 and 111.9 per 1000 ac-
cordingly) than among adults (16.6 and 47.2)
(> = 7.5 and 40.3; p = 0.007 and 0.001 ac-
cordingly). Overall, incidence with both typi-
cal and prenosological HAP turned out to be
by 2.2 times higher among children (143.4
per 1000) than among adults (63.8) ()(2 =219.9,
p =0.001).

Data in Table 2 indicate that incidence of
typical and prenosological HAP turned out to
be higher among children and adults who had
a long AV period (632.7 and 301.6 per 1000
accordingly) than among those who had a
shorter one (42.2 and 53.9 per 1000 accord-
ingly), by 15.0 and 5.6 times ()(2 = 12.2 and
62.1 accordingly, p = 0.001 in both cases). RR
amounted to 14.9 (7.8-28.5) and 5.6 (3.6-8.6)
accordingly. In case AV duration was shorter
than 48 hours, there was no difference in inci-
dence between children and adults (* = 0.6,
p = 0.5); but if it was longer than 48 hours,
than incidence among children was by 2.1
times higher than among adults (y* = 21.8,
p = 0.001). All these data indicate there is an
epidemiological contribution made by AV into
developing HAP in an ICU of a cardiac sur-
gery hospital, especially among children.

Table 1

Incidence of hospital acquired pneumonia among patients in cardiac surgery hospital after heart
surgery; both treated in the ICU and those who didn’t spend any time there, cases/1000

Patients’ A number Typical HAP Prenosological HAP cases Total
group Age of patients Number cases/1000 Number cases/1000 Number cases/1000
of cases of cases of cases
children | 217 0 0 0 0 0 0
03 15 18
Dot treated | adulis | 3248 ! [0.01-17] [0.5-3.5] 6 [0.7-4.0]
fotal | 3465 I 0.3 14 6 1.7
[0.01-1.6] [0.5-5.3] [0.6-3.7]
. . 315 1119 1434
th:tleéldn children | 286 0 [14.5-58.9] 32 (77815421 | M [104.9-189.2]
: 16.6 472 63.8
it o adults 11567 |26 | 1199042) | ™* | 37389 | ' | (522771
189 572 76.1
A
onAV | total | 1853 3 322611 | 1% | @riesy | M [64.4-89.1]
Table 2

Incidence of hospital acquired pneumonia among patients in cardiac surgery hospital after heart
surgery who were treated in the ICU and had a short period (up to 48 hours) and longer period
(more than 48 hours) spent on artificial ventilation, cases/1000

AV for less than 48 hours AV for more than 48 hours
Agegroup | A gﬁit;leé of AHrilfr)nE;Srezf per 1000 A gzitr’z of AI‘{ Iilglfgezf per 1000
Children 237 10 [2012_'7262] 49 31 [482?—2&765.8]
Adults 1503 81 [ 4333'696.5] 63 19 [192%30_1420.2]
Total 1740 ! [44.55%27.1] H2 >0 [355‘.1;—6517.7]
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Table 3

The incidence density of typical and
prenosological HAP among patients treated
in the ICU (per 1000 AV days)

HAP clinical The incidence density
form children adults

Typical 45.0 24.8
[20.8-83.7] [16.3-36.3]

Prenosological 108.1 08.7
[120.8-234.1] [54.3-85.4]

Total 80.1 47.7
[58.3-107.4] [38.5-57.0]

Having calculated stratified incidence
rates, we established (Table 3) that the inci-
dence density of typical and prenosological
HAP per 1000 patient-days was by 1.8 and 1.6
times higher accordingly among children (45.0
and 108.1 accordingly) than among adults
(24.8 and 68.7 accordingly) (;(2 = 6.6 and 6.3
accordingly, p = 0.01 in both cases). Sum-
mated incidence of typical and prenosological
HAP was by 1.5 times higher among children
than among adults (y*= 9.1, p = 0.003).

Sex-adjusted  incidence  assessment
(Table 4) revealed that the epidemic process
regarding all HAP forms was more intense
among men than among women after a short
period spent on AV (y* = 15.9, p = 0.001).
But in case AV was performed for more than
48 hours, incidence grew by 6.1 times
among men and by 16.6 times among women
(> =95.5 and 13.3 accordingly, p = 0.001 in
both cases). Ultimately incidence rates
among men (432.8 per 1000) matched to
those among women (466.6 per 1000) (;(2 =0.1,
p=0.7).

K. pneumoniae and fungi from Candida
genus (Table 5) were most frequently isolated
from phlegm of patients with typical or
prenosological HAP. Detection rates for these
microorganisms amounted to 17.7 and 15.5 per
100 examined patients accordingly. S. aureus
u P. aeruginosa were detected less frequently,
each microorganism in 7.3 % cases. There
were no statistically significant differences in
how often most agents were isolated from pa-
tients after either short-term or long-term AV,
except P. aeruginosa and K. pneumoniae. We
also detected a trend for increasing frequency
of isolating P. aeruginosa, from 4.4 to 12.0
(/*= 2.8, p = 0.1) and statistically significant
growing in occurrence of K. pneumoniae, from
12.1 to 28.0 per 100 examined patients (4 = 5.6,
p = 0.02). Therefore, patients who spend less
than 48 hours on AV are likely to get infected
with K. pneumoniae due to endogenous rea-
sons, and patients who spend more than 48 hours
on AV, due to exogenous reasons. And just as
we noted earlier [18], extensively drug-resistant
strains (XDR-strains) and pandrug-resistant
strains (PDR) were detected in 11.1 % and
3.7 % cases accordingly among K. pneumo-
niae isolated from patients treated in the exam-
ined cardiac surgery hospital. Moreover,
K. pneumoniae strains produced beta-lacta-
mases with a wider action spectrum in 92.6 %
cases. Presence of HAP agents with poly-
resistance to antibiotics indicates that hospital
clones of microorganisms causing group inci-
dence might occur among them.

Patients with HAP had various back-
ground somatic pathologies as well; respira-
tory diseases, diseases of the endocrine and
central nervous system were the most frequent

Table 4

Frequency of typical and prenosological hospital acquired pneumonia among patients,
sex-dependent distribution

AV for less than 48 hours AV for more than 48 hours
Sex A number HAP cases A number HAP cases
of patients abs. per 1000 of patients abs. per 1000

712 432.8

Men 968 69 [58.9-89.3] 67 29 1312.2-556.6]
28.5 466.6

Women 72 2 [17.9-42.8] 45 21 [316-6212]
100 Health Risk Analysis. 2022. no. 1
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Table 5

Microorganisms isolated from children and adults with typical and prenosological hospital
acquired pneumonia (per 100 examined patients)

AV for less than 48 hours AV for more than 48 hours Total
Microorganisms (n=91) (n=50) (n=141)
Number of | per 100 exam- | Number of | per 100 exam- | Number | per 100 examined
strains ined patients strains ined patients | of strains patients

Saphylcoccus 6 6.5 4 8.0 10 7.1
aureus [2.5-13.8] [2.2-19.2] [3.3-12.6]
Saphylcoccus 4 44 1 2.0 5 35
epidermidis [1.2-10.8] [0.1-10.6] [1.2-8.1]
Sreptococcus ) 2.2 1 2.0 3 2.7
pneumoniae [0.3-7.7] [0.1-10.6] [0.4-6.1]
Enterococcus ) 22 0 0 ) 1.4
faecalis [0.3-7.7] [0.2-5.0]
Enterococcus 1 1.1 1 2.0 ) 1.4
faecium [0.03-7.7] [0.1-10.6] [0.2-5.0]
Acinetobacter ’ 22 | 2.0 3 2.7
baumannii [0.3-7.7] [0.1-10.6] [04-6.1]
Pseudomonas 4 4.4 6 12.0 10 7.1
aeruginosa [1.2-10.8] [4.5-24.1] [3.5-12.6]
Escherichia 4 4.4 3 6.0 7 4.9
coli [1.2-10.8] [1.3-16.5] [2.0-9.9]
Klebsidlla 1 12.1 14 28.0 25 17.7
pneumoniae [6.2-20.6] [16.2-42.4] [11.8-25.1]
Morganella 22 14
morganii 2 [0.3-7.7] 0 0 2 [0.2-5.0]

' 16.5 14.0 15.6
Candida 15 [9.5-25.2] 7 [5.8-26.7] 2 [10.4-22.6]

Table 6

Frequency of background somatic pathology among patients with typical and prenosological
hospital acquired pneumonia (%)

A number of patients with background somatic pathology among
those who spent some time on AV
Background somatic pathology Less than 48 hours More than 48 hours Total
(n=91) (n=50) (n=141)
abs. % abs. % abs. %

Respiratory diseases (COPD, bronchitis, bron- 2 26.4 » 44.0 46 32.6
chial asthma, emphysema, lung infarction) [17.7-36.6] [29.9-58.7] [24.9-41.0]
Endocrine diseases (diabetes mellitus, obesity) 30 2 3.352_'23. 6] 9 [8.61201 4] 39 2 0257_36 58]
Acute cerebrovascular accident (stroke) 7 [ 3.27_'17 52] 5 [ 331?201 8] 12 [4, ;if 44]
Diseases of the genitourinary system (urolithiasis, ) 22 ) 4.0 4 2.8
pyelonephritis, kidney masses, prostate adenoma) [0.3-7.7] [0.5-13.7] [0.8-7.1]

. . 6.6 32.0 15.6
Perinatal CNS lesions ® | psizsy | ' Ipos4aem| (104226
Previous heart surgery due to congenital heart 3 33 ) 4.0 P 35
diseases [0.7-9.3] [0.5-13.7] [1.2-8.1]
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(in 32.6, 27.6 and 15.6 % cases accordingly).
Others were not so frequent, including acute
disorders of cerebral circulation, previous heart
surgery due to congenital heart diseases and
diseases of the genitourinary system (in 8.5, 3.5
and 2.8 % cases accordingly) (Table 6). We es-
tablished a statistically significant growth in
frequency of respiratory diseases and diseases
of the central nervous system among patients
with HAP who spent more than 48 hours on
AV than among those who spent less than
48 hours on it: from 26.4 to 44.0 and from 6.6
to 32.0 % accordingly (* = 4.6 and 15.8, p = 0.03
and 0.001 accordingly). RR amounted to 1.7
(1.0-2.6) and 4.8 (2.0-11.6) accordingly. There-
fore, respiratory diseases and diseases of the cen-
tral nervous system are risk factors of HAP; this
might be due to non-specific resistance being
suppressed in such patients [13, 19].

We have established earlier that chil-
dren and adults who are treated in cardiac sur-
gery hospitals after all kinds of open and
closed heart surgery may face the risk of hos-
pital acquired purulent septic infections (PSIs)
[20, 21]. HAP is more frequent but there can
also be infections in areas of surgical interven-
tions, infections of the urinary tracts, and sep-
sis. We have shown that hospital acquired
PSIs, HAP in particular, primarily occur
among children and adults being treated in
cardiac surgery hospitals not due to an opera-
tion itself but due to consequent treatment in

ICUs with its duration depending on a type of
a performed operation. We have also revealed
that the more time patients spend in ICUs, the
longer such an epidemiologically significant
procedure as AV lasts. The present work high-
lights a special role played by AV as a risk
factor of developing HAP in patients treated in
a cardiac surgery hospital.

Conclusions:

1. Most cases of hospital acquired pneu-
monia occur in patients who are treated in an
intensive care unit at a cardiac surgery hospital
after heart surgery. We have proven the role
played by artificial ventilation as a leading risk
factor that can cause pneumonia.

2. We have detected higher incidence
rates among children treated in an intensive
care unit at a cardiac surgery hospital than
among adults. Klebsiella pneumoniae is estab-
lished to be the primary infectious agent that
causes pneumonia.

3. Background respiratory diseases and
diseases of the central nervous systems are
endogenous risk factors of developing hospi-
tal acquired pneumonia among patients
treated in an intensive care unit at a cardiac
surgery hospital.
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ON ASSESSING RISKS OF DEVELOPING AND PROGRESSING NON-ALCOHOLIC
FATTY LIVER DISEASE USING TNF-A, IL6, AND VEGF FACTORS
AND POLYMORPHISMS OF THEIR GENES

I.A. Bulatova', L.D. Pestrenin', T.P. Shevlyukova®’, A.M. Miftakhova’,
A.V. Krivtsov’, LL. Gulyaeva1

'Perm State Medical University named after Academician E.A. Wagner, 26 Petropavlovskaya Str., Perm, 614990,
Russian Federation

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

*Tyumen State Medical University, 54 Odesskaya Str., Tyumen, 625023, Russian Federation

Our research aim was to develop a system for calculating risks of development and progression of non-alcohalic fatty
liver disease (NAFLD). The system would be based on interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), vascular
endothelial growth factor (VEGF) and TNF-a gene polymorphism in the region -308G/A (rs1800629), IL-6 in the region —
174G/C (rs1800795), and VEGFA in the region —634G/C (rs2010963).

We examined 52 patients with NAFLD and 65 healthy donors. The examination involved estimating levels of cytokines
TNF-a, IL-6 and VEGF in blood serum. We also studied the polymor phism of the TNF-a genesin the -308G/A region, IL-6 in
the -174G/C region, and VEGFA in the -634G/C region.

Women aged from 32 to 54 years prevailed among patients with NAFLD (67 %). We established in this research that
concentrations of the pro-inflammatory cytokines TNF-«, I1L-6 and the level of VEGF in the blood serum were significantly
higher in patients with NAFLD than in the reference group (p = 0.03; p = 0.00003 and p = 0.001 accordingly). This con-
firms an occurring inflammatory syndrome and endothelial dysfunction that are typical for this pathology. Patients with
NAFLD tended to have the AA genotype of the TNF-a -308G/A gene (rs1800629) significantly more frequently than healthy
donors (p = 0.04). Homozygote CC and allele C of the VEGFA gene (G-634C) in the position rs2010963 were significantly
more often detected in the test group (patients with NAFLD) than in the reference one (p = 0.02 and p = 0.01 respectively).
We didn't detect any statistically significant differencesin the IL-6 gene polymorphismin the -174G/C (rs1800795) region in
the analyzed groups. TNF-a -308G/A gene polymor phism correlated with activating production of TNF-a and IL-6 cytokines
(Ki = 0.588; p = 0.043 and Ki = 0.597; p = 0.04, respectively), which can lead to developing immune-inflammatory syn-
dromein its carriers. When determining genetic profiles, we established that 51 % donors had low risks of NAFLD develop-
ment whereas the risk was high for 75 % of patients with the disease.

The risk of developing NASP is associated with carrying the AA genotype of the TNF-a -308G/A gene and the CC
genotype of the VEGFA -634G/C gene. Assessment of a genetic profile using these markers provides an opportunity to assess
risks of developing NAFLD in healthy people and to predict its progression in patients with the disease.

Key words: non-alcohalic fatty liver disease, cytokines, tumor necrosis factor alpha, interleukin-6, vascular endothe-
lial growth factor, gene polymor phism.
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Non-alcoholic fatty liver disease (NAFLD)
holds the first rank place among liver patholo-
gies [1]. The All-Russian study DIREG 2 es-
tablished than more than a half adult popula-
tion in the country had NAFLD and the
disease was diagnosed in 80 % of them. Ac-
cording to some researchers, NAFLD is asso-
ciated with metabolic syndrome in 95 % cases,
most frequently as fatty hepatosis [2]. Some
patients also suffer from developing inflamma-
tion in the liver as a complication of the dis-
ease (non-alcoholic steatohepatitis). Chronic
inflammation leads to developing fibrosis and
cirrhosis and makes for occurrence of liver
cancer as well. All this calls for more profound
examination of how NAFLD develops in order
to determine risk factors causing the disease,
including genetic ones.

According to some data, NAFLD is more
frequently detected among women aged 40-50
years and men to women ratio is 1:3, though
the disease can occur in any age group [3]'.
All-Russian study DIREG 1 with 30,754 peo-
ple participating in it produced the following
results: women with NAFLD accounted for
56 %. According to this study there were sev-
eral prevailing risk factors that caused NAFLD
including dyslipidemia (type II as per Fredrik-
son classification) detected in 75.9 % patients;
hypertension, 69.9 %; and hypercholes-
terolemia, 68.8 % [4]. Some other studies dis-
covered such risk factors causing NAFLD as
male sex, age from 30 to 59, overweight and
obesity (body mass index being higher than 25
kg/m?), hyperglycemia, hypertriglyceridemia,
and hypercholesterolemia [5].

There is no unified and well-explored
mechanism of NAFLD development. The dis-
ease has multifactorial pathogenesis which in-
cludes the following processes: the main com-
ponent is resistance to insulin and changes in
the hormonal profile regarding hormones that
regulate lipid metabolism, occurring hyperin-

sulinemia, activation of lipolysis in fat tissue,
an increase in contents of free fatty acids, acti-
vated gluconeogenesis in the liver resulting in
hyperglycemia, increased production of very
low density lipoproteins and decreasing sei-
zure of triglycerides with developing dyslipi-
demia, pro-inflammatory cytokines and free
radicals becoming more active with develop-
ing inflammation in the liver. Ultimately all
this leads to steatosis progressing into steato-
hepatitis and liver fibrosis which can later turn
into cirrhosis [6].

Inflammation is a component in compli-
cated pathogenesis of NAFLD development
and progress. Its basic mediators are cytokines,
the key ones being interleukin-6 (IL6) and tu-
mor necrosis factor alpha (TNF-a)). Apart from
stimulating inflammation, these cytokines
regulate apoptosis and necrosis of hepatocytes,
exacerbate resistance to insulin and induce fi-
brosis as well [7].

According to several research works,
TNF-a correlates with a degree of liver fat
dystrophy and activates adhesive properties of
endothelial cells [8—10]. Several authors estab-
lished higher IL6 contents in blood of patients
with NAFLD [11-13]. IL6 concentration in
the liver correlated directly with inflammation
and fibrosis intensity and contents of this cy-
tokine in blood, especially when NAFLD was
progressing [14].

Vascular endothelial growth factor
(VEGF) activates production of collagen by
astrocytes in the liver and neoangiogenesis
mechanisms in case of inflammation. There
were several examinations on rats with
NAFLD and metabolic syndrome which es-
tablished that endothelial dysfunction occurs
prior to inflammation and developing fibrosis
in the liver [15-18].

Recently, a lot of attention has been given
to hereditary predisposition to NAFLD. A sig-
nificant aspect here is polymorphism of genes
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that regulate immune inflammatory processes
[19]. Cytokine genes are highly polymorphic.
Nevertheless, there are still rather few studies
focusing on examining an association between
polymorphism of TNF-a and IL6 genes and
developing NAFLD and they tend to produce
somewhat controversial results. It can proba-
bly be due to certain peculiarities related to
how frequencies of alleles and genotypes are
distributed in a population; there could be dif-
ferences explained by a region, race, or a dif-
ferent methodical approach.

For example, a ratio of allele frequen-
cies (A to G) as per -308G>A polymorphic
marker of TNF gene amounts to 1.2-7 %
among people living in the Asian-Pacific re-
gion; about 3.3 %, among healthy people in
China; and it varies from 12 to 24 % in some
other populations. AA genotype as per this
gene doesn’t occur in people living in the
Asian-Pacific region whereas it is usually
detected in 1.2-7.9 % cases among people
from other populations [20].

There were some research works focusing
on determining a contribution made by muta-
tions in the promoter part of IL6 gene to devel-
oping liver pathologies; however, they produced
rather controversial results. According to data
available in literature, frequency of allele C as
per -174G>C marker of IL6 gene was signifi-
cantly higher among Europeans suffering from
non-alcoholic steatohepatitis and hepatocellular
carcinoma than among healthy people [21, 22].
It was also discovered that having allele C as per
-174G>C polymorphism of IL6 gene was asso-
ciated with developing non-alcoholic steatohepa-
titis in the Russian population [23]. However,
another research didn’t establish any correlation
between this polymorphism and developing pa-
thology in the liver [24].

Our research aim was to develop a sys-
tem for calculating risks of developing and
progressing non-alcoholic fatty liver disease
(NAFLD) based on interleukin-6 (IL6), tumor
necrosis factor alpha (TNF-a), vascular endo-
thelial growth factor (VEGF), and polymor-
phism of TNF-a gene in -308G/A (rs1800629)
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region, IL6 gene in -174G/C (rs1800795)
region, and VEGFA gene in -634G/C
(rs2010963) region.

Materials and methods. We examined 52
patients with non-alcoholic fatty liver disease
(NAFLD) in its clinical form; 35 of them were
women (67 %) and 17 were men (33 %). Pa-
tients’ average age amounted to 43.0 + 11.1
years. Liver steatosis was established by an ul-
trasound examination. We excluded patients
with alcoholic or drug-induced fatty liver disease
confirmed by data taken from their clinical case
histories; we also excluded patients with non-
alcoholic steatohepatitis that was diagnosed by
estimating transaminase levels. The analyzed
samplings were similarly susceptible to factors
that could cause NAFLD development. Preva-
lence of women in our random sampling made
up of people with NAFLD living in Perm region
is comparable with data obtained in much larger
All-Russian studies [3, 4]".

Our reference group consisted of 65 prac-
tically healthy people that were comparable
with the test group as per sex and age; they
didn’t have either liver pathology or any other
pathology associated with metabolic syn-
drome. All participants were provided with the
comprehensive information about the study
and they all gave their voluntary informed
written consent to take part in it.

We determined contents of TNF-a, IL6
and VEGF cytokines in blood serum of 15
practically healthy people and 40 patients
with NAFLD by ELISA tests using “Stat-
Fax-2100” microplate reader (USA) and re-
agent sets produced by “Vector-Best” LLC
(Novosibirsk).

We examined polymorphism of TNF-a
gene in -308G/A region, IL6 gene in -174G/C
region, and VEGFA gene in -634G/C region in
52 patients with NAFLD and 65 healthy do-
nors using “CFX-96” real-time PCR detection
system (Bio-Rad Laboratories, Inc., USA) and
“SNP-Screen” allele-specific PCR (Syntol
LLC, Moscow).

To determine risks of NAFLD development
and progression, we estimated genetic profiles of
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patients and donors depending on frequencies of
genotypes and alleles of examined gene poly-
morphisms according to a score estimate scale
developed specifically for this study.

Score estimates:

0 means that a patient is homozygous as
per protective alleles regarding all three poly-
morphisms;

1 means a patient is heterozygous as per
one of two genes;

2 means a patient is heterozygous as per
two genes;

3 means a participant has two risk alleles
as per one gene and is homozygous as per pro-
tective alleles in another gene;

4 means that a participant has both risk al-
leles as per one gene but he or she is heterozy-
gous as per another gene;

5 means a participant is homozygous as
per risk alleles of TNF-a (AA) / VEGFA (CC)
regarding both genes.

According to this scale, when healthy do-
nors scored 0-1, risk of developing NAFLD
was low; 2-3 scores, moderate; 4—5 scores,
high. When patients with NAFLD scored 01,
it meant a risk of the disease progression was
low; 2—3 scores, moderate; 45 scores, high.

All the data were statistically analyzed us-
ing Statistica 7.0 software package. Quantita-
tive parameters were given as median and in-
terquartile range (Q1-Q3). Significance of dif-
ference between two independent groups was
estimated using Mann — Whitney test. We ap-

plied Spearman’s correlation coefficient (I)
with determining the significance level to es-
timate correlations. We applied XZ technique to
describe frequency ratios for genotypes and
alleles of the examined gene polymorphisms.
Contingency tables and Pearson contingency
coefficients (Ki)* were used to establish any
dependence between examined qualitative at-
tributes. Differences between the samplings
were considered to be authentic at p < 0.05.

Results and discussion. We established
that patients with NAFLD had significantly
higher concentrations of TNF-a and IL6 and
VEGF level in their blood serum than their
counterparts from the reference group
(p=0.03, p=0.00003, and p = 0.001, respec-
tively) (Table 1).

Higher contents of the examined pro-
inflammatory cytokines in blood of patients
with NAFLD mean that inflammation is al-
ready developing and it was also mentioned
as a typical NAFLD sign by some other au-
thors [8, 11-13]. TNF-a authentically corre-
lated with IL6 concentration (r = 0.54;
p=0.0001).

Growing VEGF concentration in blood
of patients with NAFLD can indicate that
endothelial dysfunction is developing against
this pathology. Our data are well in line with
results produced by several other studies that
confirmed occurring endothelial dysfunction
against liver steatosis by not only biochemi-
cal but also functional techniques [25, 26].

Table 1

Concentrations of TNF-a, IL6 and VEGF cytokines in the reference group and in patients
with NAFLD (Me, 25 and 75 percentiles)

Parameter Reference group Patients with NAFLD D
(n=15) (n=40)
TNF-a, pg/ml 0(0; 0.02) 1.1(0;3.15) 0.03*
IL6, pg/ml 0(0; 0) 0.9(0;2.2) 0.0003*
VEGF, pg/ml 86.65 (10.7; 132.4) 184.6 (94.7; 291.6) 0.001*

Note: pissignificance of differences, * means differences are statistically significant.

% Shelud’ko V.S., Podluzhnaya M.Ya. Teoreticheskie osnovy meditsinskoi statistiki: metodicheskie rekomendatsii
[Theoretical grounds of medical statistics: methodical guidelines]. Perm, 2001, 36 p. (in Russian).
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Table 2

Frequency of allele types of TNF-a gene in -308G/A (rs1800629) region, IL6 gene in -174G/C
(rs1800795) region, and VEGFA gene in -634G/C (rs2010963) region in patients with NAFLD

and healthy donors
Donors (n=65) NAFLD (n=52)
Genotype / gene alleles %+ m %+ m OR p

TNF-q GG, % 21.54+£5.1 13.46+4.73 0.57 0.25
308G/A GA, % 78.46+5.1 78.85 +£5.66 1.02 0.96
AA, % 0+0 7.69 £3.69 1.76 0.04*

Alleles G-allele, % 58.46 +4.32 52.88 +4.89 0.72 0.58
A-allele, % 3923 +4.28 47.12+4.89 1.38 0.58

L6 GG, % 32.31+58 28.85+£6.28 0.85 0.69
174G/C GC, % 5231+6.2 51.92+6.93 0.98 0.97
CC, % 15.38 +4.47 19.23 + 547 1.31 0.59

Alleles G-allele, % 58.46+4.32 54.81 +4.88 0.86 0.58
C-allele, % 41.54 £4.32 45,19 +£4.88 1.16 0.58
VEGFA GG, % 3538 +5.93 19.23 +547 0.43 0.04*
634G/C GC, % 53.85+6.18 51.92+6.93 0.93 0.84
CC, % 10.77 + 3.85 28.85+6.28 3.36 0.02*
Alleles G-allele, % 62.31 £4.25 45.19+4.88 0.50 0.01*
C-allele, % 37.69 £4.25 54.81 +4.88 2.00 0.01*

Note: ORis odds ratio, p is significance of differences, * means differences are statistically significant.

52 patients with NAFLD and 65
healthy donors had practically the same fre-
quency of GG genotype of TNF-a gene,
13.46 % and 21.54 % respectively (4= 3.23;
p = 0.25; OR = 0.57) and GA genotype,
78.85 % and 78.46 % respectively (> = 1.28;
p = 0.96; OR = 1.02), of TNF-a gene poly-
morphism in rs1800629 region. We didn’t
detect any significant differences regarding
distribution of alleles G and A of TNF-a
gene in -308G/A region between the exam-
ined groups (p = 0.58 and p = 0.58, respec-
tively) (Table 2).

However, AA genotype of TNF-a gene in
-308G/A region was detected significantly
more frequently in patients with NAFLD than
among healthy people (7.69 % and 0 % re-
spectively; )(22 6.05; p =0.04; OR=1.76) and
similar results were also discovered by other
researchers among people living in the Asian-
Pacific region [20]. Probably, carrying AA
genotype of TNF-a gene (rs1800629) plays a
certain role in hereditary predisposition to
NAFLD.
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We didn’t detect any significant differ-
ences as per IL6 gene polymorphism in
-174G/C (rs1800795) region. GC genotype
prevailed in both groups and was detected in
52.31 % and 51.92 % respectively (¥° = 0.36;
p=0.97; OR=0.98). Alleles G and C also oc-
curred with the same frequency (p = 0.58 and
p = 0.50 respectively) (Table 3). Other re-
searchers also pointed out that there was no
correlation between this polymorphism and
developing NAFLD [24].

When examining allele variants of
VEGFA (G-634C) gene in rs2010963 region,
we established GC genotype in 35.38 % of
healthy people (XZZ 7.71; p = 0.04). How-
ever, CC homozygote was detected among
patients with NAFLD significantly more fre-
quently since it was highly probable in 28.85
% cases (OR = 3.36) whereas it was detected
only in 10.77 % of healthy people (XZZ 6.18;
p = 0.02). Allele C of VEGFA gene in
-634G/C region was detected in 54.81 %
cases among patients with NAFLD and this
was significantly higher than among healthy

Health Risk Analysis. 2022. no. 1
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Table 3
Genetic profiles of healthy donors and patients with NAFLD
Groups / scores 0 | 2 3 4 5
Donors, % () 9% (6) 42%@27) | 35%(23) 3%(2) 11 % (7) -
NAFLD, % (n) 2% (1) 23%(12) | 40%(21) 4% (2) 29 % (15) 2% (1)

donors (){2 =6.83; p =0.01; OR= 2.00) (see
Table 2).

We didn’t detect any significant differ-
ences between men and women with NAFLD
regarding frequencies of genes. Since the ex-
amined genes are located in autosomes (and
not in the sex ones) and are inherited regard-
less of a sex, we assume that sex as a factor
doesn’t produce any significant effects on risks
of developing NAFLD.

Therefore, we can assume allele C in the
locus of VEGFA (G-634C) gene to be a pre-
dictor of developing NAFLD. We showed its
significance in the process of viral liver dis-
eases becoming chronic in our previous
works [27].

Consequently, a risk of developing NAFLD
is associated with carrying AA genotype of
TNF-a -308G/A gene and CC genotype of
VEGFA -634G/C gene.

When estimating dependences with con-
tingency tables, we discovered a correlation
between polymorphism of TNF-a in
-308G/A region and activated production of
TNF-a and IL6 cytokines in patients with
NAFLD (Ki = 0.558; p = 0.043 and Ki = 0.597,
p = 0.042, respectively). This can result in
progressing immune-inflammatory syndrome
in its carriers.

To determine risks of NAFLD development
and progressing, we estimated genetic profiles of
healthy donors and patients with the disease de-
pending on frequencies of genotypes and alleles
of TNF-a gene in -308G/A region and VEGFA
gene in -634G/C region. Score estimates were
given using our own scale. According to this
scale, if healthy donors scored 0—1, then a risk of
developing NAFLD was low; 2-3 scores, a risk
was moderate; 4-5 scores meant a high risk.
When patients with NAFLD scored 0-1, a risk

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163
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that the disease would progress further was low;
2-3 scores meant a moderate risk; 4-5 scores
meant a risk was high.

More than a half donors (51 %) had low
risks of developing NAFLD (0-1 scores); 38 %,
moderate (2-3 scores); 11 %, high (4 scores)
(Table 3).

25 % of patients had low risks that
NAFLD would progress further (0—1 scores);
almost half of them (44 %) had moderate risks
(2-3 scores), and one third (31 %) had high
risks (4-5 scores) accordingly to the scale.

Conclusion. Women aged from 32 to
54 years prevail among patients with NAFLD
(67 %). Patients with NAFLD have high con-
centrations of pro-inflammatory cytokines
TNF-A and IL6, as well as elevated concentra-
tions of VEGF which means there is inflam-
mation and endothelial dysfunction developing
against the pathology.

Homozygote AA in -308G/A region of
TNF-a gene was significantly more frequently
detected among patients with NAFLD than
among healthy donors.

Having examined combinations of allele
variants in -634G/C VEGFA gene in rs2010963
region, we established that homozygote CC b
allele C were detected significantly more fre-
quently in patients with NAFLD than in practi-
cally healthy people.

We didn’t detect any authentic differences
with respect to genotypes and alleles of IL6
gene polymorphism in -174G/C (rs1800795)
region.

Consequently, a risk of developing
NAFLD is associated with carrying AA geno-
type of TNF-a-308G/A gene and CC geno-
type of VEGFA -634G/C gene, especially
when it is combined with high contents of
pro-inflammatory cytokines.
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The suggested approaches which invol-
ve analyzing genetic profiles as per TNF-a
gene in -308G/A region and VEGFA gene in
-634G/C region provide an opportunity to

disease (score estimates equal to 4-5 men
that risks of the disease progressing are
high). These approaches can be applied in
medical practice.

perform early non-invasive diagnostics and
to determine whether there are any risks of
developing NAFLD for healthy people (risks
are considered to be high if the score esti-
mate is 4-5) and risks of probable further
NAFLD progressing for patients with the
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ON DETECTING OMIC-MARKERS OF NEGATIVE EFFECTS ASSOCIATED
WITH COMBINED AEROGENIC EXPOSURE TO ALUMINUM AND FLUORIDE
COMPOUNDS
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At present, it is relevant to study simultaneous combined impacts exerted by chemicals on developing adverse health
effects. It is also becoming vital to search for molecular indicators of adverse effects with the altered expression level. This
alteration makes it possible to determine peculiarities of molecular and cellular pathogenesis mechanisms regarding a num-
ber of non-communicable diseases under exposure to a mixture of chemicals.

Our research goal was to comparatively analyze and identify identical omic-markers of adverse effects under
experimental and actual combined aerogenic exposure to aluminum and fluoride compounds. We substantiated mo-
lecular markers of prenosological changes by sequential implementation of an algorithm which included identifying
altered proteins and peptides in blood plasma which were identical both under experimental and actual exposure;
detecting and quantifying cause-effect relations between identical proteins and peptides and concentrations of alumi-
num and fluoride ion in urine.

The research results indicate that long-term combined aerogenic exposure to aluminum and fluoride compounds in low
average daily doses (0.0005 mg/(kg-day) and 0.002 mg/(kg-day) accordingly) causes elevated concentrations of aluminum (by
2.8 times higher) and fluoride-ion (by 1.8 times higher) in exposed children’s urine. This fact is verified by experimental re-
search with its focus on combined exposure to the examined chemicals. We were able to substantiate identical omic-markers,
J-chain of immunoglobulin and Kelch-like protein 4 (KLHL4 gene), under simultaneous exposure to aluminum and fluoride
compounds both under experimental and actual combined aerogenic exposure. We proved a cause-effect relation between levels
of identical proteins and concentrations of aluminum and fluoride ion in urine under simultaneous exposure to the mixture of the
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examined chemicals. Identified protein markersin blood plasma give an opportunity to predict future adverse effects includ-
ing developing immunoglobulins A and M deficiency with subsequent humoral immunity failure when J-chain of immunoglobu-
lin is expressed; occurring sclerotic and inflammatory changes in vascular walls when Kelch-like protein 4 is expressed. These
predicted adverse effects can be estimated as resulting from simple summated (additive) toxic impacts exerted by aluminum and
fluoride under simultaneous combined aerogenic exposure to both chemicals

Key words: aluminum and fluoride ion in urine, risk of adverse effects, isolated and combined exposure, blood plasma
proteomic profile, immune system, cardiovascular system, immunoglobulin J-chain and Kelch-like protein 4.

At present, there is a significant trend in
providing chemical safety in the Russian Fed-
eration and all over the world as well. This
trend involves assessing adverse health ef-
fects produced by combined exposure to a
mixture of contaminants even if each of them
is hardly toxic when introduced separately.
This aspect is outlined in guidelines issued by
the World Health Organization (WHO) and
the International Program on Chemical Safety
(IPCS) [1, 2]. Nowadays people are often ex-
posed to combined impacts exerted by a wide
range of chemicals occurring in all media,
ambient air included [3]. According to data
provided by the WHO, ambient air pollution
is a basic risk factor causing some non-
communicable diseases, primarily, respiratory
diseases, diseases of the cardiovascular and
nervous systems [4]. A major contribution to
ambient air pollution is made by industries,
especially in places where a lot of industrial
enterprises are concentrated. In some regions
large metallurgical enterprises are located
which mostly deal with aluminum production.
In such regions ambient air contamination
primarily occurs due to aluminum and fluo-
ride compounds typical for such productions
being introduced into the atmosphere, pre-
dominantly in gas and dust emissions. Long-
term environmental aerogenic exposure to
these compounds can result in damage to cel-
lular membranes increasing their permeabil-
ity; these chemicals can bind to proteins in
blood and inhibit many enzyme systems and
this can ultimately lead to various pathologi-
cal changes in mechanisms which support
homeostasis [5—7].

Examination of a proteomic blood plas-
ma profile is a promising trend in research
which provides an opportunity to effectively
identify molecular and cellular mechanisms
of changes in homeostasis caused by expo-
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sure to adverse risk factors. Identification,
quantification and changes in levels of pro-
teins (omic-markers) expressed in cellular
and tissue structures under exposure to ad-
verse risk factors, chemical ones included,
are vital challenges in examining develop-
ment of certain respiratory diseases, circula-
tory diseases, diseases of the nervous system
etc. [8, 9]. Experimental research conducted
on biological test models is a significant
trend in molecular profiling aimed at search-
ing for protein markers of negative effects,
determining mechanisms and nature of inter-
actions between chemical exposure factors
which produce these negative effects both
under separate and combined exposure [10].
Any changes in protein profiles which were
determined by experiments should be veri-
fied with results produced by full-scale ob-
servations. This secures greater precision
and objectivity of substantiated molecular
protein markers. Foreign and domestic scien-
tific data on alterations in peptides and genes
coding their expression under exposure to a
mixture of chemicals are rather controver-
sial. Results produced by several experimen-
tal research works indicate that fluoride,
when introduced separately, inhibits metal-
containing enzymes and aluminum, in its
turn, inhibits enzymes which are involved
into energy metabolism in a cell [11]. Expo-
sure to a mixture of these two chemicals
makes the damage reverse and the chemicals
inhibit each other’s enzymes; this indicates
that their toxic effects are antagonistic. Re-
sults produced by some other foreign studies
show that mixed aluminum and fluoride act
in the same way as they interact with the bi-
lipid layer in cellular membranes, interfere
with ion transportation, and induce confor-
mation changes in guanosine triphosphate
(GTP) which results in artificial activation of
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guanosine diphosphate (GDP) and related
Ras-proteins' [12—-14]. These proteins are
responsible for transferring signals from the
extracellular space and participate in regula-
tion of cellular proliferation'.

Bearing in mind these controversial data
on examining simultaneous combined expo-
sure to different chemicals and its effects on
the body, it seems advisable to search for mo-
lecular targets (proteins). Changes in their ex-
pression can be used as a tool for early pre-
nosologic detection of non-communicable dis-
eases. We can state that it is vital to establish
relevant changes in proteins and peptides in a
proteomic blood plasma profile in order to
predict risks of developing adverse health ef-
fects produced by combined aerogenic expo-
sure to chemical risk factors, including fluo-
ride and aluminum compounds, both in ex-
perimental and actual conditions.

Our research goal was to comparatively
analyze and identify identical omic-markers of
negative effects both under experimental and
actual combined aerogenic exposure to alumi-
num and fluoride compounds simultaneously.

Materials and methods. Our research
objects were proteomic blood plasma profiles
and protein peptides in children and experi-
mental animals under combined exposure to
aluminum and fluoride compounds.

We conducted our experiments on female
Wistar rats, 12 animals overall. They were di-
vided into 4 groups, 3 animals in each. Group
No. 1 (test) was exposed separately to a stan-
dard sample (SS) of fluoride-ion in a dose
equal to 20 mg/kg of body weight; Group
No. 2 (test) was exposed separately to alumi-
num suspension based on isotonic sodium
chloride solution in a dose equal to 1.67 mg/kg
of body weight; Group No. 3 (test) was under
combined exposure to a mixture of fluoride-
ion and aluminum in doses outlined above;
Group No. 4 was a control, animals were kept
under the same conditions as three other

groups but they were not exposed to the exam-
ined chemicals. The experimental exposures
were one-time and intraperitoneal. Chemical
doses introduced into experimental animals
were equivalent to an actual aerogenic expo-
sure allowing for the duration of exposure to
chemicals, body weight, a period of exposure
averaging, and species-related peculiarities..
Blood samples of the experimental animals
were taken 24 hours after the exposure from
the sublingual vein in a volume equal to 3 cm’;
urine samples were taken 24 hours after the
exposure during one day in a DXL-D meta-
bolic cage (3W Fengshi, China).

All the experiments conformed to the re-
quirements fixed by the European Convention
for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Pur-
poses (ETS No. 123) and the ethical commit-
tee of the Federal Scientific Center for Medi-
cal and Preventive Health Risk Management
Technologies.

We performed profound screening exami-
nations of 35 children aged 47 years. 25 chil-
dren who underwent long-term combined aero-
genic exposure to aluminum compounds (in a
concentration equal to 0.0005 mg/(kg-day)) and
fluoride compounds (0.002 mg/(kg-day)) were
included into the test group. Other 10 children
were not exposed to the examined chemicals
and were included into the reference group.
Children were included into the test group as
per such a criterion as elevated aluminum and
fluoride-ion concentrations in urine; children in
the reference group had the examined chemi-
cals in their urine in concentrations correspond-
ing to minimal or reference values®.

All the children were examined in con-
formity with the ethical principles stated in the
WMA Declaration of Helsinki (Ethical Princi-
ples for Medical Research Involving Human
Subjects, 2013) and the examinations were ap-
proved by the Committee on the biomedical
ethics of the Federal Scientific Center for

! Heterotrimeric G-Protein Signaling at Atomic Resolution. Handbook of Cell Sgnaling, Three-Volume Set. In: R. Brad-

shaw, E. Dennis eds., 2009, 2nd ed., chapter 198, pp. 165-1619.

2 Tits N.U. Klinicheskoe rukovodstvo po laboratornym testam [Clinical Guide on laboratory tests]. Moscow, YuNIMED-

press, 2003, 960 p. (in Russian).
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Medical and Preventive Health Risk Manage-
ment Technologies. Legal representatives of
all the participating children gave their in-
formed voluntary consent to this participation.
The conducted study didn’t infringe on the
rights of participating human subjects, didn’t
put their welfare in any danger and didn’t
cause any harm to their health.

Urine was analyzed to determine alumi-
num and fluoride-ion in it according to the
methodical guidelines® using an ion-selective
electrode with [-160M laboratory ionometer
(“Antech” LLC, Belarus) and Agilent 7500cx
mass spectrometer (Agilent Technologies
Inc., USA) (by T.S. Ulanova, Doctor of Bio-
logical Sciences and Head of the Department
for Chemical and Analytical Research Tech-
niques).

An algorithm which we applied to exam-
ine proteomic blood plasma profiles of chil-
dren and experimental animals included sev-
eral stages: taking samples; two-dimensional
gel electrophoresis in polyacrylamide gel®;
analysis of two-deminsional electrophoresis
charts; spotting out significant protein stains as
per their intensity. The subsequent mass-
spectrometry analysis performed with Ulti-
Mate 3000 chromatographer (Germany) and
ABSciex 4000 QTRAP tandem mass spec-
trometer with Nanospray 3 ion source (Can-
ada) involved determining amino acid se-
quences of individual protein fragments, pro-
tein identification, and analysis of UniProt
database with sampling as per Homo Sapience
and Rattus norvegicus taxon. We deter-

mined genes which identified proteins corre-
sponded to using HGNC database of human
gene name”.

Indicator values established in exposed
children were comparatively estimated against
the same indicators in non-exposed children;
indicator values established in experimental
animals in test groups were comparatively ana-
lyzed against the same values in the control.
The research results are given as a simple
mean (X), standard error of mean (SEM) and
standard deviation (SD). We applied Mann —
Whitney test (U < Ug) to check whether inter-
group differences in variables were statisti-
cally significant with the significance level
fixed as p<0.05. All the data were statistically
analyzed using Statistica 10 software package.

Omic-markers of negative effects in chil-
dren which were associated with combined
exposure to the examined chemicals were sub-
stantiated by the step-by-step implementation
of an algorithm including the following: iden-
tifying identical proteins and peptides in blood
plasma profiles under experimental and actual
exposure; determining and quantifying cause-
effect relations between identical proteins and
peptides and aluminum and fluoride-ion con-
centrations in urine; predicting adverse effects
based on analyzing data on molecular func-
tions and biological roles played by identified
peptides. We tested whether the resulting
models were authentic and relevant using
Fischer’s test (F > 3.96) and determination co-
efficient (RZ) with the statistical significance
being p < 0.05.

MUK 4.1.773-99. Kolichestvennoe opredelenie ionov ftora v moche s ispol'zovaniem ionselektivnogo elektroda: utv.
Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii G.G. Onishchenko 06.07.1999 [Quantitative determina-
tion of fluoride ions in urine using ion-selective electrode: approved by G.G. Onishchnko, the RF Chief Sanitary Inspector on
July 06, 1999]. Moscow, The Federal Center for State Sanitary Epidemiologic Surveillance of the RF Public Healthcare Minis-
try, 2000 (in Russain); MUK 4.1.3589-19. Izmerenie massovoi kontsentratsii alyuminiya v biologicheskikh sredakh (krov',
mocha) metodom mass-spektrometrii s induktivno svyazannoi plazmoi: utv. Glavnym gosudarstvennym sanitarnym vrachom
Rossiiskoi Federatsii 08.11.2019 [Measurement of aluminum mass concentration in biological media (blood and urine) by mass
spectrometry with inductively coupled plasma: approved by the RF Chief Sanitary Inspector on November 08, 2019]. Moscow,
The Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2020 (in Russain).

*PROTEAN i12 IEF System. Instruction Manual. Available at: https://www.bio-rad.com/webroot/web/pdf/lst/
literature/10022069A.pdf (January 12, 2022); PROTEAN II xi cell. PROTEAN II xi 2-D cell. Instruction Manual.
Available at: https://www.bio-rad.com/webroot/web/pdf/Isr/literature/M1651801.pdf (January 12, 2022); ReadyPrep
2-D starter Kit. Instruction manual. Available at: https://www.bio-rad.com/webroot/web/pdf/lsr/literature/4110009A.pdf
(January 12, 2022).

>The resource for approved human gene nomenclature: [web-source]. HGNC, HUGO Gene Nomenclature Committee.
Available at: https://www.genenames.org/ (December 10, 2021).
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Results and discussion. Our experiments
revealed that an average fluoride-ion concen-
tration was by 19.2 times higher in urine of
rats exposed solely to this chemical in a con-
centration equal to 20 mg/kg of a body weight
than in urine of rats from the control group
(» = 0.012). Aluminum concentrations in urine
of rats exposed to the chemical in a dose equal
to 1.67 mg/kg of a body amounted to 0.057 *
+ 0.010 mg/dm’ and was by 9.5 times higher
than in the control group (p = 0.012) (Table 1).

Combined inhalation exposure to mixed
fluoride-ion and aluminum in the same doses
resulted in 5.6 times higher concentrations of
fluoride-ion and 3.2 times higher concentra-
tions of aluminum in urine of rats from Group
No. 3 than in the control group (p = 0.012). It
should be noted that bioaccumulation of fluo-
ride-ion and aluminum in the body is more ap-
parent under separate exposure than under
combined one; this is confirmed by 3.0-3.3
times higher concentrations of aluminum and
fluoride-ion in urine under separate exposure
than under combined one (p = 0.012). This
might indicate there is possible antagonism
between these two chemicals when adverse
effects are developing [11].

Our full-scale observations established
that children from the test group who under-
went long-term aerogenic exposure simultane-
ously to aluminum (0.0005 mg/(kg-day)) and
fluoride (0.002 mg/(kg-day)) had 2.8 times
higher concentrations of aluminum and 1.8
times higher concentrations of fluoride-ion in
their urine than children in the reference group
(p =0.006-0.039).

We examined whether there were authen-
tically different proteins in blood plasma of
rats from the test groups and the control one.
Overall, two-dimensional electrophoresis
charts allowed identifying 10 protein fractions
under separate exposure to fluoride; 13, under
separate exposure to aluminum; and 13, under
combined exposure to the mixture of the ex-
amined chemicals (Table 2).

We detected several proteins under com-
bined exposure to the mixture of the examined
chemicals which were identical to those de-
tected in protein strains under separate expo-
sure. In case of combined exposure and sepa-
rate exposure to fluoride the identical proteins
were plasma protease C1 inhibitor, zinc finger
protein 644, nuclear receptor-coactivator 4, J
chain of immunoglobulin, apolipoprotein A-I,

Table 1
Fluoride-ion and aluminum concentrations under experimental and actual exposure
Gro Indicator Fluoride-ion, Aluminum,
P mg/dm’ mg/dm’
Experimental research
Test aroun of rats under Simple mean = standard error of mean, X + SEM 6.800+1.571 | 0.057+0.010
group Standard deviation, D 3.51 0.0230
separate exposure to Validity of diff: 5 Tes 3
chemicals alidity of difterences between mean values 1 test an 0012 0012
control groups, p
Test oroun of rats under Simple mean = standard error of mean, X + SEM 2.07+0.271 0.019 £ 0.005
group Standard deviation, SD 0.606 0.012
combined exposure to Validity of diff 5 oS | 1
chemicals alidity of differences between mean values in test an 0.012 0012
control groups, p
Control eroun of rats Simple mean = standard error of mean, X + SEM 0.354+0.062 | 0.006+0.001
group Standard deviation, SD 0.138 0.010
Full-scale observation
Simple mean = standard error of mean, X+ SEM 0.687+0.076 | 0.011+0.003
. Standard deviation, D 0.378 0.019
Test group (children) — - -
Validity of differences between mean values in test and
0.006 0.039
control groups, p
Reference group Simple mean = standard error of mean, X + SEM 0.374+£0.053 | 0.004+0.001
(children) Standard deviation, D 0.167 0.001
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Table 2

Proteins and peptides in their structure which authentically differ from the control group and are
identified in proteomic blood plasma profile of rats exposed separately to fluoride and aluminum
and to the mixture of these chemicals

Authenticity of a
. . Peptide model showing
Sequences of amino acids . : . . « . .S
residucs in of a peptide 1dent1ﬁgat10n Protein chemlca}l - 51gn%ﬁ-
probability, % cant protein” relation-
ship (» <0.05)
Separate exposure to fluoride
DSLNMWLCPR 47.5 Nuclear receptor coactivator 4 0.009
VDCLKTFGR 18.9 Laminin Subunit Alpha 3 0.070
CYTAVVPLVYGGETK 99.1 J chain of immunoglobulin 0.043
VSFLSALEEYTK 96.4 Apolipoprotein A-I 0.025
EAMGKLYNFSTSSR 94.1 Alpha-protein kinase 1 0.011
GWVTDGFSSLK 99.4 Apolipoprotein C-111 0.030
LLVVYPWTQR 97.2 Hemoglobin subunit gamma-2 0.025
FQPTLLTLPR 39.1 Plasma protease C1 inhibitor 0.010
NSAISPQK 754 Zink finger protein 644 0.301
Separate exposure to aluminum
INGKPLPGATPAK 39.8 tRNA selenocysteine 1-associated protein 1 0.0001
GLCVATPVQLR 98.7 C4-B Complement 0.0001
QRIEALSLMHPSISFSLR 61.3 DNA mismatch repair protein M1h3 0.002
NIVQNVR 28.9 Sideroflexin-3 0.029
LMAKAEDLR 69.8 Nck-associated protein 5 0.002
DDLIIDLLNEAK 36.8 V-type proton ATPhase of E 1 subunit 0.0001
EAMGKLYNFSTSSR 86.2 Alpha-protein kinase-1 0.004
QLCGCYLTR 82.3 Thrymethyllysine dioxygenase, mitochondria 0.0001
igég%f;gﬁiﬁgSSMFTGD 97.6 Kelch-like protein 4 0.016
GLPDDHAGPIR 354 Alanyl-tRNA, editing protein Aarsdl 0.001
GLEEELQFSLGSK 97.3 C4-B complement 0.001
DESSLK 42.1 Probable E3 ubiquitin-protein lygase MID2 0.0001
EILSEVER 15.2 T-complex protein 1 subunit gamma 0.0001
Combined exposure to the mixture of fluoride and aluminum

KMGEMATSGDR 41,9 MARVEL domain containing protein 2 0,002
FQPTLLTLPR 48.7 Clprotease inhibitor in plasma 0.021
YMPYNHQHK 52.8 Acyl-KoA (8-3) desaturase 0.003
APETGGAPRAPGAGR 753 Serine/threonine-protein kinase LMTK3 0.037
NSAISPQK 64.8 Zinc finger protein 644 0.069
DSLNMWLCPR 28.9 Nuclear receptor coactivator 4 0.008
TSESGELHGLTTEEEFVEGIYK 98.9 Transthyretin 0.006
CYTAVVPLVYGGETK 99.8 J chain of immunoglobulin 0.018
VSFLSALEEYTK 96.3 Apolipoprotein A-I 0.060
EAMGKLYNFSTSSR 93.2 Alpha-protein kinase 1 0.0001
LPLLPPQLLADLETSSMFTGD 95.1 Kelch-like protein 4 0.004
LLVVYPWTQR 98.7 Hemoglobin subunit gamma-2 0.544
EILSEVER 78.9 T-complex protein 1 subunit gamma 0.012

alpha-protein kinase 1, hemoglobin subunit gamma. Growing contents of the aforemen-
gamma-2; in case of combined exposure and tioned proteins, including apolipoprotein A-I,
separate exposure to aluminum these proteins zinc finger protein 644 and hemoglobin sub-
were alpha-protein kinase 1, Kelch-like pro- unit gamma-2, had a detected cause-effect re-
tein 4, protein T-complex protein 1 subunit lation with elevated concentrations of fluoride-

118 Health Risk Analysis. 2022. no. 1




On detecting omic-markers of negative effects associated with combined aerogenic exposure ...

ion and aluminum in experimental animals’
urine under exposure to their mixture (R® =
0.81-0.97; p=0.0001-0.018).

We comparatively analyzed authentically
different altered proteins in proteomic blood
plasma profiles of children under actual aero-
genic and those of against unexposed chil-
dren. The analysis established 2 protein stains
out of total 25 which were quantitatively and
qualitatively similar to altered proteins de-
tected under combined exposure to the mix-
ture of fluoride and aluminum in experimen-
tal conditions. These two proteins were J
chain of immunoglobulin (its expression is
coded by JCHAIN gene) and Kelch-like pro-
tein 4 (expression coded by KLHL4 gene)
(Table 3).

Thus, children from the test group had by
17.9-27.1 times greater volumes of proteins
containing J chain of immunoglobulin and
Kelch-like protein 4 than children from the ref-
erence group (p = 0.0001). This was compara-
ble to changes in volumes of these protein

stains detected in the experiment. A probability
that these detected peptides would be identified
varied from 98.7 % to 99.2 %. Figure shows an
example two-dimensional electrophoresis chart
showing one of the examined peptides.

We proved that the growth in relative
volumes of Kelch-like protein 4 and J chain
of immunoglobulin depended on elevated
aluminum and fluoride-ion concentrations in
urine under combined exposure to both
chemicals in a mixture. Model parameters for
Kelch-like protein 4 were as follows: RE = 0.07;
by = 1180.64; b, = 9141.60; b, = 190.10;
(p = 0.046); for J chain of immunoglobulin, as
follows: R* = 0.06; bo= 1804.56; by = 5767.11;
b,=206.47; (p = 0.030).

Generalization and analysis of the exist-
ing scientific data on biological functions per-
formed by the identified proteins in blood
plasma make it possible to predict certain ad-
verse health effects which may occur in the
immune and cardiovascular system. Thus, the
major function performed by J chain of

Table 3

Identical proteins detected under experimental and actual combined exposure to aluminum
and fluoride (p < 0.05)

Relative protein stain volume, int
Simple mean + standard error of mean, X+ SEM

Protein Experimental exposure Actual exposure
Test group under
combined exposure Control Test group Reference group
to both chemicals
Kelch-like protein 4 4097 + 1067~ 012 469 + 224 2548 + 57¢~ 00001 94 + 36
J chain of immunoglobulin 2635 + 500007 1785 + 86 1807 + 387~ 20! 101 + 34
Figure. MS-identification of LPLLPPQLLADLETSSMFTGDLECQKLLMEAMK peptide
(Kelch-like protein 4) in a child’s blood plasma (SwissProt database)
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immunoglobulin is to initiate IgM and IgA
polymerization [15]. J chain inclusion into
polymeric IgA and pentameric IgM gives
these antibodies high valence of antigen-
binding sites and zero potential of the com-
plement activation. These alterations make
for immunoglobulins to be capable to agglu-
tinate bacteria and viruses thus preventing
them from initiating a cascade of inflamma-
tory reactions. Thereby secretory antibodies
create “the first line” of protection against
pathogens and adverse chemicals which pene-
trate the body through mucosa [16]. Relative
volumes of the protein strain containing J
chain of immunoglobulin grow under com-
bined exposure to aluminum and fluoride
both in experimental and actual conditions.
This may indicate that the immune response
is undergoing certain adaptive restructuring
with further developing IgA and IgM defi-
ciency which is typical for chronic inflamma-
tion [17].

Proteins from Kelch family play a
major role in variable cellular processes
including cytoskeleton organization and
ion channels flickering. This process is
accompanied with an ion channel trans-
ferring from its open state to a closed
one [18, 19]. Ion channels (potassium- and
calcium-dependent) detected in endothelio-
cytes are involved into electrolyte transpor-
tation. Any failure in it can make for de-
creasing vessel lumens and growing periph-
eral vascular resistance. In this regard we
can assume that the excessive expression of
this gene and, consequently, excessive syn-
thesis of Kelch-like protein induces mecha-
nisms which regulate the vascular tonus [20].
We established a direct relation between
growing Kelch-like protein levels and ele-
vated aluminum and fluoride concentrations
in urine under combined exposure to the
mixture of these two chemicals both in ex-
perimental and actual conditions. This can
indicate that the mixture of the examined
chemicals produces negative health effects
such as developing sclerotic and inflamma-
tory changes in vascular walls under com-
bined exposure to them.

120

Therefore, it is vital to identify alterations
in such proteins in blood plasma as Kelch-like
protein 4 and J chain of immunoglobulin since
it provides an opportunity to perform early di-
agnostics, to predict, assess, and mitigate risks
of developing diseases of the cardiovascular
and nervous system, blood and blood-making
organs associated with long-term combined
aerogenic exposure simultaneously to fluoride
and aluminum compounds.

Conclusions:

1. Long-term combined aerogenic expo-
sure simultaneously to aluminum and fluo-
ride compounds in low average daily doses
(0.0005 mg/(kg-day) and 0.002 mg/(kg-day)
respectively) makes for elevated aluminum
concentrations (by 2.8 times higher) and
fluoride-ion concentrations (by 1.8 times
higher) in urine of exposed children against
non-exposed ones. This is verified by results
produced in experimental studies on com-
bined exposure to the mixture of the exam-
ined chemicals.

2. We substantiated identical omic-
markers, J chain of immunoglobulin (JCHAIN
gene) and Kelch-like protein 4 (KLHL4 gene)
which are expressed both under experimental
and actual combined aerogenic exposure si-
multaneously to aluminum and fluoride com-
pounds.

3. We proved the cause-effect relation be-
tween elevated levels of the identical proteins
and aluminum and fluoride-ion concentrations
in urine under simultaneous exposure to both
chemicals in a mixture.

4. The identified protein markers in blood
plasma allow predicting certain adverse health
effects under persisting combined aerogenic
exposure to aluminum and fluoride com-
pounds. These effects might be less active hu-
moral immunity (when J chain of immu-
noglobulin is expressed) and disorders in the
vascular wall tonus (when Kelch-like protein 4
is expressed).

5. We established cellular and molecular
mechanisms determining involvement of the
transformed proteomic profile into develop-
ing adverse effects. When J chain of immu-
noglobulin was expressed, this involvement

Health Risk Analysis. 2022. no. 1
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was characterized by growing valence of an-
tigen-binding centers IgA and IgM and zero
potential of the activated complement that
determined adaptive restructuring of the im-
mune response. When Kelch-like protein 4
was expressed, the process was characterized
with sequential closing of potassium- and cal-
cium-dependent ion channels in endothelio-
cytes, failure in electrolyte transportation,

6. These predicted negative effects can be
considered a result of simple summated (addi-
tive) toxic impacts exerted by aluminum and
fluoride under combined aerogenic exposure
to them in a mixture both in experimental and
actual conditions.
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PECULIARITIES DETECTED IN FORMATION OF SPECIFIC HAPTEN
SENSITIZATION TO PHENOL IN CHILDREN

0.V. Dolgikh, D.G. Dianova

Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya
Str., Perm, 6140045, Russian Federation

Phenol contamination in ambient air is a factor which creates health risks for children living in a zone influenced by
emissions from a ferrous metallurgy enterprise. Our research goal was to assess specific hapten sensitization in children
living under excessive aerogenic exposure to phenol.

We performed hygienic assessment of ambient air pollution on territories of pre-school children facilities located at
various distances from a zone influenced by the examined enterprise (1 km and 5 km were the test territories No. 1 and 2
accordingly) which emitted phenol thus creating elevated concentrations of the chemical in ambient air being higher than
single maximum MPC. Ambient air on a selected reference territory was not polluted with any industrial emissions. The test
group No. 1 was made of 99 children (the test territory No. 1); the test group No. 2, 92 children (the test territory No. 2); and
the reference group, 95 children (the reference territory). We analyzed phenol contents and levels of 1gG specific to phenol
in blood of all the examined children. Phenol concentrationsin ambient air were higher than its permissible levels on the test
territory No. 1, 1.7 single maximum MPC, and the test territory No. 2, 1.1 single maximum MPC.

We compar atively assessed phenol contents in blood of children from all three groups. The assessment revealed that chil-
dren from the test group No. 1 had a hydroxybenzene concentration in their blood which was statistically significantly
(p = 0.031) by 1.9 times higher than in blood of children from the reference group. Production of specific G class antibodies
was higher than the upper limit of the physiological standard in 60 % and 36 % children living and attending a preschool chil-
dren facility in zones located accordingly at the minimal and maximum distance an emission source. The research results indi-
cate that a hapten-associated increase in the level of 1gG specific to phenol in preschool children is associated with excessive
phenol contamination creating a substantial burden on biological media (OR = 14.75; 95 % Cl = 6.45-33.73; p < 0.05).

Key words: phenol, aerogenic pollution, haptens, immunoglobulin G specific to phenol, preschool children, contami-
nant burden, sensitization, risk of developing allergic pathol ogy.

Rapidly developing urbanization and
growing industrialization make for consider-
able environmental pollution [1]. Anthropo-
genic sources make a substantial contribution
to ambient air pollution with phenol and its
derivatives [2, 3]. According to experts’ esti-
mates, ambient air in many megacities all over
the world contains phenol in concentrations
which are significantly higher than those stipu-
lated by hygienic standards' [4-7]. Assessment
of ambient air quality in residential areas in the
RF in 2015-2020 revealed a growing share of

© Dolgikh O.V., Dianova D.G., 2022

samples which deviated from hygienic stan-
dards as per contents of hydroxybenzene (phe-
nol) and its derivatives. This share grew by
1.45 over the period, from 0.86 to 1.25".
Phenol acts as a sensitizing agent in case
it is inhaled and produces certain pro-allergic
effects [8]. Developing IgG-specific sensiti-
zation to phenol creates a risk of bronchial
asthma, allergic rhinitis, asthma-like bronchi-
tis, pollen allergy, and hypertrophic changes
in the respiratory tract mucosa. Children, as
opposed to adults, are more sensitive to ef-
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fects produced by phenol. Higher concentra-
tions of the pollutant are identified in chil-
dren’s biological media under exposure to it.
This is due to anatomic and physiological pe-
culiarities of their bodies (the respiratory sur-
face of the lungs with respect to body weight
is greater in children than in adults, their air-
ways are more narrow, the detoxification sys-
tem is underdeveloped, the immune system
has certain age-related peculiarities, etc.)® [9].
A child’s age from 4 to 6 years is a crucial
period in formation of the immunity when
Th-2 shift occurs in the cytokine profile and
IgE antibodies are produced in the highest
quantities in comparison with any other pe-
riod in childhood [8, 10]. Besides, children
are much shorter than adults and this leads to
exposure to higher phenol concentrations
since its vapors are identified in greater vol-
umes closer to the ground®.

Obviously, ambient air pollution with hy-
droxybenzene creates risks of sensitization and
allergic pathologies among pre-school children
as the most susceptible population group. It is
necessary to describe a group and an individ-
ual profile of IgG-specific sensitization to
phenol if we want to detect susceptibility to
technogenic chemicals as early as possible. In
future this will make for implementing more
effective protection activities aimed at reduc-
ing incidence associated with aerogenic expo-
sure to phenol.

Our research goal was to assess specific
hapten sensitization in children under exces-
sive aerogenic exposure to phenol.

Materials and methods. We performed
hygienic assessment of ambient air on areas
around pre-school children faculties located
at different distances from a ferrous metal-
lurgy enterprise. It emitted phenol in hazard-
ous concentrations exceeding maximum sin-
gle MPC (the test territory No. 1 was located
1 km away from the enterprise; the test terri-
tory No. 2, 5 km away). Our reference terri-

tory was an area where any sources of phe-
nol emissions were completely absent. Hygi-
enic assessment of ambient air quality was
performed in conformity with the methodical
guidelines RD 52.04.186-89 “The Guide on
control of ambient air pollution” °. We used
two standard values: average daily concen-
tration (MPC,, 4) and maximum single con-
centration (MPC,,5). We also analyzed data
on volumes and structure of emissions from
stationary and mobile sources (Form
No. 2-TP (air)).

All the diagnostic examinations were
performed in accordance with requirements
fixed by the WMA’s Declaration of Helsinki
(1964, last edited 2013). Our study involved
assessing overall sensitization and specific
sensitization to phenol. To do that, we exam-
ined 286 pre-school children who lived and
attended pre-school children facilities on the
examined territories. Our reference group
was made up of 95 children who lived and
attended pre-school children facilities on the
reference territory which was considered
‘conditionally” clean. The test group No. 1
included 99 children who lived and attended
pre-school children facilities on the test terri-
tory No. 1; the test group No. 2, 92 children
who lived and attended pre-school children
facilities on the test territory No. 2. We ap-
plied several criteria to include children into
our study: their age was from 4 to 6 years
and their family lived on the examined terri-
tory for not less than 5 years. Participation in
another study or parents not being capable or
willing to give their written informed con-
sent to participation of their children were
the reasons for excluding children from our
study. All parents (legal guardians) of par-
ticipating children gave their informed writ-
ten consent to it.

Chemical analysis of children’s blood in-
volved identifying phenol concentrations with
gas chromatography in accordance with the me-

2 Medical management guidelines for phenol. ATSDR, 2014. Available at: https://wwwn.cdc.gov/TSP/
MMG/MMGDetails.aspx?mmgid=144&toxid=27 (March 01, 2022).

3RD 52.04.186-89. Rukovodstvo po kontrolyu zagryazneniya atmosfery [The Guide on control of ambient air pollution].
Moscow, USSR Goskomgidromet; USSR Public Healthcare Ministry, 1991, 695 p. Available at: https://files.stroyinf.ru/
Data2/1/4293854/4293854583.pdf (March 01, 2022) (in Russian).

124

Health Risk Analysis. 2022. no. 1



Peculiarities detected in formation of specific hapten sensitization to phenol in children

thodical guidelines MUK 4.1.2102-4.1.2116-06"
on “Kristall 2000” capillary gas chromatogra-
pher (SKB “Chromatek” LLC, Russia).

We determined IgG specific to phenol us-
ing procedures for determining allergen adsorp-
tion. Total IgG was determined by ELISA tests
on Sunrise analyzer (Tecan, Austria).

All the test results were statistically ana-
lyzed using Statistica 6.0 software package
(StatSoft, USA). We applied Kolmogorov —
Smirnov test as a criterion showing whether
indicators in the children groups were dis-
tributed normally. Student’s two-sample test
was applied to test zero hypotheses about
equality of mean values in two independent
groups with normal distribution. The re-
search data were given as simple mean (M),
error of mean (M) and 95 % confidence in-
terval for simple mean (95 % CI). We com-
pared sampling data with physiological stan-
dards using Wilcoxon one-sample test. To
assess a correlation between health outcomes
and exposure to the examined factor (phe-
nol), we calculated odds ratio (OR) and its
95 % confidence interval. Differences were
considered statistically significant at p < 0.05 for
all the accomplished tests.

Results. Ambient air pollution occurred
on the test territories due to emissions of pol-
lutants from stationary sources. Thus, the total
phenol (hydroxybenzene) (code 1071) emis-
sion was equal to 97.721626 tons/years; the
maximum single emission, 3.0533076 g/sec.

Phenol concentration in ambient air was
lower than MPC,, 4. (up to 0.68 MPC) on the
examined territories (taken as per averaged
values). We established that phenol MPC,, 4in
ambient air was on average by 2.4 times
higher on the test territories influenced by
emission from the aforementioned industrial
enterprise than on the reference territory where
there were no industrial emissions. Having as-
sessed maximum single concentrations of pol-

lutants emitted by the ferrous metallurgy en-
terprise, we revealed that the relevant hygienic
standards were violated both on the test terri-
tory No. 1 and No. 2, where phenol concentra-
tion was equal to 1.74 MPC, and 1.09
MPC,,s. accordingly.

We detected that phenol contents were
statistically significantly (p =0.031) by 1.9
times higher in biological media (blood) of
children from the test group No. 1 against the
reference group (Table 1). A share of samples
with phenol concentrations that deviated from
hygienic standards was equal to 88.9 % in the
test group No. 1 against values detected in the
reference group. Average phenol contents de-
termined in biological media of children from
the test group No. 2 didn’t have any statisti-
cally significant difference (p = 0.376) against
the reference group. A share of samples with
phenol concentrations which deviated signifi-
cantly from hygienic standards was equal to
75 % in children living on the test territory No.
2 against concentrations detected in children
living on the reference territory.

We established that concentrations of the
total immunoglobulin E were statistically sig-
nificantly (p <0.05) higher than the physio-
logical standard (0-49.9 [U/cm?) in all the
examined children. We comparatively ana-
lyzed indicators which described specific sen-
sitization to the priority factor and established
that children who were not exposed to phenol
had IgG specific to phenol in their blood in
concentrations that were within physiologi-
cally normal ranges, 0-0.13 arbitrary units.
The examined children from the test group
No. 1 had concentrations of IgG specific to
phenol which were statistically significantly
(p = 0.003) by 4 times higher than the same
indicators in the reference group. Specific
IgG sensitization to phenol was statistically
significantly (p = 0.014) by 3.5 times higher
among children from the test group No. 2

MUK 4.1.2102-4.1.2116-06. Opredelenie vrednykh veshchestv v biologicheskikh sredakh: Sbornik metodicheskikh uka-
zanii (utv. i vved. v deistvie Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya
cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii 09.08.2006) [Identification of harmful chemi-
cals un biological media: The collection of methodical guidelines (approved and introduced by the Head of the Federal Service
for Surveillance over Consumer Rights Protection and Human Wellbeing, the RF Chief Sanitary Inspector on August 9, 2006)].
KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200066799

(March 01, 2022) (in Russian).
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Table 1
Chemical analysis of biological media and serum immunoglobulins profile in children exposed
to phenol
. Reference group Test group no. 1 Test group no. 2 1 2
Indicator =095 n=99 n=92 p p
Phenol in blood, mg/dm’®
M (m) 0.0379 (0.0083) 0.0732 (0.014) 0.0563 (0.019) t=2.17 t=0.89
95 % CI 0.02-0.05 0.07-0.08 0.05-0.06 p=0.031 p=0.376
Serum immunoglobulins profile
Total IgE, IU/cm’
M (m) 75.37 (17.00)* 144.84 (33.10)* 87.76 (25.00)* t=187 t=041
95 % CI 71.84-78.90 136.42—-153.26 82.52-93.00 p=0.634 p=0.682
IgG specific to phenol, arb. units
M (m) 0.04 (0.005) 0.16 (0.04)* 0.14 (0.04)* 1=2.98 t=248
95 % CI 0.03-0.05 0.15-0.17 0.13-0.15 p=0.003 p=0.014

Note: p'means differences between the reference group and the test group No. 1 are authentic according to
Student’s t-test; p? means differences between the reference group and the test group No. 2 are authentic according
to Student’s t-test; * means that differences form physiological standard are authentic as per Wilcoxon one-sample
test, differences are considered statistically significant at p < 0.05.

Table 2

Frequency of allergy indicators deviating from physiological standards in children with different
levels of phenol contamination in biological media

Reference group Test group no. 1 Test group no. 2
Indicator Physiological n=95 _ n= 99 L n=92
standard A share of samples deviating from physiological standard, %
higher lower higher lower higher lower
Total IgE 0-49.9 383 58 0 43.3 0
IgG specific to phenol 0-0.13 8.7 58 0 36.2 0
against those from the reference group. We higher than the physiological standards

also established that production of IgG spe-
cific to phenol was on average statistically
significantly (p < 0.05) by 1.2 times higher
than the upper limit of the physiological stan-
dard in children who lived and attended pre-
school children facilities on the test territories
(located at different distances from the source
of industrial emissions).

A share of samples with total IgG concen-
tration being significantly higher than the
physiological standard amounted to 38.3, 58
and 43.3 % among children from the reference
group, test group No. 1 and test group No. 2
accordingly (Table 2). Hyperproduction of IgG
specific to phenol was detected in 58 % of
analyzed samples taken in the test group No. 1
and this result was by 6.7 times higher than in
the reference group. A share of samples with
concentrations of IgG specific to phenol being
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equaled to 36.2 % in the test group No. 2
against 8.7 % in the reference group and this
was by 4.2 times higher.

Odds ratio analysis indicated there was a
correlation between phenol contamination and
elevated specific sensitization to phenol in
children from the test group No. 2 (OR=6.08;
95 % CI =2.62-14.09; p < 0.05). It was estab-
lished that as hapten (phenol) loads grew, there
was also a growth in risks of excessive produc-
tion of total IgE and IgE specific to phenol in
the examined children living on the test terri-
tory No. 1 (OR=2.22; 95 % CI=1.25-3.95;
p <0.05 and OR= 14.75; 95 % CI = 6.45-33.73;
p <0.05 accordingly).

Discussion. Negative effects produced by
phenol on the immune system and associated
with development of allergic reactions have
been discussed over the last decades in many
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research papers [9-11]. Immune-modulating
effects produced by phenol are assumed to be
mediated by the chemical being tropic to es-
trogen receptors (ER), peroxisome prolifera-
tor-activated receptors (PPAR), aryl hydrocar-
bon receptors (AhR), and its ability to induce
Th2-shift in the cytokine profile [8, 12—15].
Estrogen receptors which are exhibited in
significant quantities on many immune-
competent cells play a most important role in
regulating proliferative and functional activity
of immunocytes. They also maintain the bal-
ance between Thl and Th2-cytokines. Activa-
tion of estrogen receptors induces mast
cells degranulation by altering intracellular cal-
cium homeostasis. Additionally, estrogen-like
chemicals stimulate rapid dose-dependent re-
lease of B-hexosaminidase from mast cells thus
enhancing IgG-mediated release of histamine
from them [15]. PPAR belongs to major regula-
tors of the energy balance in a cell and activity
performed by NF-kB transcription factor. It is
also a significant participant in regulation of
inflammation and fibrosis [16]. Several experi-
mental and clinical studies established that phe-
nol and its metabolites (hydroquinone) were
able to induce hyperproduction of interleukin 4
and elevated levels of IgE [10, 12, 13]. Th2-
dependent deviation in the immune response
was studied using experimental models of
asthma and turned out to make for generation of
reactive oxygen species in considerable quanti-
ties thus making the inflammatory process more
severe [16]. The role played by AhR in produc-
ing a protective response by the body to expo-
sure to xenobiotics has been proven. Aryl hy-
drocarbon receptor acts as a protector in case an
autoimmune pathology, an oncologic process or
an allergy develops in the body. Indoleamine-
pyrrole-2,3-dioxygenase enzyme (IDO) cata-
lyzes degradation of the essential amino acid
tryptophan (TRP) into N-formyl-kynurenine
and produces protective effects when bronchial
asthma develops. It was shown in in Vivo sys-
tems (in animal models) that AhR and NF-kB
participated in regulation of IDO expression

[17]. It was established that aryl hydrocarbon
receptor also made a substantial contribution to
production of immunoglobulins (IgA, IgG,
IgM, IgE) and processes of their switching be-
tween different types (IgG — IgE) as well as
production of IgG isotypes in a plasmatic cell’.

Intensive ambient air pollution with in-
dustrial emissions (hydroxybenzene (phenol)
and its derivatives) results in poorer human
health [18-20]. Children who live in zones in-
fluenced by emissions from industrial enter-
prises are the most sensitive risk group under
exposure to substantial adverse environmental
loads. It was established that excessive ambi-
ent air pollution with phenol resulted in appar-
ent sensitization of the body. Meanwhile, we
should remember about an existing danger as-
sociated with sensitization with low doses of
an immune-tropic chemical. Phenol is also a
chemical with high allergenic potential® [8].
Several allergenic diseases develop as per an
IgE-dependent and IgG4-dependent scenario
thus causing an elevated level of specific anti-
bodies in blood serum. However, identification
of total IgE and specific IgG within a physio-
logical range doesn’t mean there is no devel-
oping sensitization and / or an allergic reaction
since we can’t exclude that immunoglobulin G
can be bound by tissues or that IgG is pro-
duced locally. Our research results are well in
line with those produced by previous research
works focusing on negative impacts exerted by
aerogenic exposure to phenol on the immune
system which involve developing sensitization
associated with a level of exposure to an im-
mune-tropic chemical® [10].

Therefore, children who live on territories
where phenol is the priority anthropogenic pol-
lutant are exposed to risks of developing spe-
cific sensitization. This induces occurrence
and manifestation of allergic diseases associ-
ated with inhalation exposure to an immune-
tropic chemical during a crucial period in
childhood. Phenol was detected in excessive
concentrations up to 1.7 MPC,, 5 on the test
territory No. 1 which was only 1 km away

SKashgari B.F. Determining the role of the AhR in immunoglobulin expression and class switch recombination: diss. thesis
for MS. Wright Sate University, 2015, 85 p. Available at: https://corescholar.libraries.wright.edu/etd_all/1591 (March 01, 2022).
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from the industrial enterprise and this was
higher than permissible levels. It was detected
in concentrations up to 1.1 MPC,, 5 on the test
territory No. 2 which was located 5 km away
from the source of industrial emissions. Aver-
age group phenol concentration was statisti-
cally significantly (p =0.031) by 1.9 times
higher in blood of children who lived close to
the emission source (the test group No. 1)
against children from the reference group who
were not exposed to phenol. There were no
statistically significant differences in phenol
concentrations in blood of children from the
test group No. 2 (who lived 5 km away from
the emission source) and children from the
reference group. We established a statistically
significantly (p = 0.003—0.014) higher level of
IgG specific to phenol in blood of children liv-
ing at the minimum and maximum distance
from the industrial enterprise which emitted
phenol into ambient air (1 km and 5 km), by 4
and 3.5 times accordingly. Hyperproduction of
IgG specific to phenol was detected in 60 %
children from the test group No. 1 and 36 %
children from the test group No. 2. The results
produced by mathematical modeling confirm
the immunologically mediated increase in the
body sensitivity to chronic exposure to phenol
(OR=6.08-14.75; p <0.05). The research re-

sults indicate that levels of aerogenic exposure
to phenol influence contamination of biologi-
cal media with this chemical thus determining
frequency and severity of developing sensiti-
zation and autoimmune disorders.

Inhalation hapten chemical loads (phenol)
on bodies of children aged 4—6 years make for
developing specific sensitization to an anthro-
pogenic immune-tropic chemical and create
risks of developing allergic diseases. Com-
parative characteristics of group and individual
profiles of IgG specific to phenol outlined in
this paper confirms that a degree of sensitiza-
tion under chronic aerogenic exposure to phe-
nol is associated with a level to exposure to
hapten (phenol) in doses lower than maximum
permissible concentrations. We have shown
that a hapten-associated level of IgG specific
to phenol in pre-school children living under
aerogenic exposure to the chemical in low
doses is a criterion indicating early manifesta-
tions of sensitization and developing allergic
pathology (OR=14.75; 95 % CI=6.45-33.73;
p <0.05).
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IMBALANCE IN LYMPHOCYTE COMPOSITION AND CYTOKINE PROFILE
AS A RISK FACTOR OF VIBRATION DISEASE

E.V. Boklazhenko, G.M. Bodienkova

East-Siberian Institute of Medical and Ecological Research, 3 12A mikroraion, Angarsk, 665827, Russian Federation

To provide consistent functioning of the immune and nervous systems, both in normal conditions and in case of any pa-
thology, is among the most significant functions performed by the cytokine system. It seems important to examine mecha-
nisms underlying the well-coordinated working of the immune system since such studies can give grounds for developing
certain criteria applied to assess risks of developing vibration disease (VD) and making prognosis for it. Our research goal
was to identify peculiarities related to the balance in the phenotypic composition of lymphocytes and cytokines as risk factors
of developing vibration disease.

We estimated the phenotypic structure of lymphocytes by indirect immunofluorescence using monoclonal antibodies to
CD3", CD4", CD8", CD16", CD20", CD25", and CD95" molecules. IL-2, IL-4, IL-8, and INF-y cytokines were determined
in blood serum with the solid-phase ELISA method.

We analyzed cytokine contents in patients with VD and established a statistically significant growth in levels of I1L-8
and INF-y and a decrease in IL-2 contents against the reference group. We also found certain differences in the correlations
between lymphocytes and cytokines in patients with VD and healthy people. Thus, in patients with VD, there was a positive
correlation between the absolute number of CD3"-lymphocytes and the level of the immune-stimulating IL-2 and a positive
correlation between the quantity of CD4"-lymphocytes and 1L-4 concentration. At the same time, having examined healthy
people from the reference group, we detected a negative correlation between IFNy and the absolute quantity of CD3" and
CD95"-lymphocytes. Therefore, the risk of developing and progressing vibration disease is to a certain extent associated
with its pathogenetic peculiarities based, among other things, on complex functional relationships between lymphocytic phe-
notypes and pro-anti-inflammatory cytokines. In future this will allow substantiating new biomarkers in the additional VD
diagnostics.

Key words: vibration disease, workers, lymphocytes, cytokines, immune response, risk of developing pathology, in-
flammation.

Vibration disease (VD) is a widely-spread
occupational pathology which occurs in work-
ing population and is medically and socially
significant owing to the risk of social and eco-
nomic losses caused by it. Working people are
exposed to a set of harmful occupational fac-
tors; therefore, it is vital to perform monitoring
over their health and implement timely activi-
ties aimed at preventing development of occu-
pational and work-related diseases. All this is
extremely important for achieving longer em-
ployment periods and life expectancy [1-3].

© Boklazhenko E.V., Bodienkova G.M., 2022

Neural and vascular disorders are the key
elements in the VD clinical picture and pe-
ripheral circulatory disorders play a special
role among them [4, 5]. Hypoxia and micro-
circulatory disorders activate cells which then
start to release active substances, notably cy-
tokines. Cytokines are molecules responsible
for a type and duration of an immune re-
sponse. They are synthesized immediately as a
response to tissue lesions. Cytokines facilitate
interactions between the immune system and
organs and tissues in the body at the molecular
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level. The same mechanism mediates regula-
tion of an immune response'. In case there are
no pathological processes, cytokines are not
detected in blood under the primary immune
response. Their occurrence in blood indicates
there are local functional disorders in the cyto-
kine system which are the most frequent in
case there are intense inflammatory reactions
and create risks of a disease becoming more
severe [6, 7]. Interleukins and interferons
accumulated in an inflammation focus and
produce their effects on most cells participat-
ing in this reaction. Such affected cells include
granulocytes, macrophages, T- and B-lympho-
cytes as well as fibroblasts, endotheliocytes,
and epithelial cells [8—10].

Examining mechanisms which underlie
the well-coordinated working of the immune
and nervous system can give grounds for de-
veloping criteria applied to assess risks of de-
veloping VD.

Our research goal was to estimate
changes in the balance and ratio between the
phenotypic structure of lymphocytes and cyto-
kines as risk factors causing developing vibra-
tion disease.

Materials and methods. 54 men with di-
agnosed VD took part in our study. The dis-
ease was induced by local vibration or com-
bined exposure to local and overall vibration.
VD was diagnosed by occupational patholo-
gists at the clinic of the East-Siberian Institute
of Medical and Ecological Research according
to the International Classification of Diseases,
version ICD-10. Patients’ average age was
51.45 + 0.87 years; average working experi-
ence, 25.5 + 2.13 years. The most common
occupations in this (test) group were riveters,
mechanic assemblers, dozer drivers, timber
lorry drivers, crane operators, loader drivers, and
tractor drivers. The reference group was compa-

rable as per age and sex (51.06 £ 0.95 years,
males) and included 27 practically healthy
people who were not occupationally exposed
to vibration. We used the following criteria to
include patients with VD into our research:
VD diagnosis was verified, they gave their
written informed consent to take part in the
research, and their working experience under
exposure to vibration exceeded 10 years.

We examined peripheral blood taken in
the morning on an empty stomach from the
ulnar vein. The blood was taken into a vial
with heparin (to extract leukocyte suspension)
and a vial with a coagulation activator (to ob-
tain serum). Lymphocytes and their popula-
tions were quantified in vitro by indirect im-
munofluorescence using monoclonal antibod-
ies specific to differentiation antigens (CD3",
CD4", CD8', CD9", CD16", CD20", CD21",
CD23", CD25", CD95") (“Klonospektr”, Mos-
cow). We calculated a relative quantity of CD-
positive cells in the total lymphocytes numbers
using “Olimpus CX-41” microscope (Japan).
IL-2, IL-4, IL-8, INFy cytokines were deter-
mined in blood serum with the solid-phase
ELISA method using relevant test-systems
(“Vector-Best”, Novosibirsk). All the data
were statistically analyzed with Statistica 6.0
applied software package (StatSoft, USA). We
applied non-parametric Mann-Whitney U test
to compare different samplings. The samplings
were described with median and interquartile
range (Me (Q25-Q75)). We applied Spear-
men’s correlation analysis to establish correla-
tions between indicators. The critical level of
significance (p) was taken at 0.05 when statis-
tical hypotheses were tested. Our research is in
full conformity with the ethical standards
stipulated by the Helsinki Declaration (2000)*
and the Order No. 200n issued by the RF Pub-
lic Healthcare Ministry on April 01, 2016°.

!'Paltsev M.A., Kvetnoi M.I. Rukovodstvo po neiroimmunoendokrinologii [The guide on neural and immune endo-

crinology]. Moscow, Meditsina, 2008, 512 p. (in Russian).

% Declaration of Helsinki. Ethical principles for medical research involving human subjects. The WMA, Inc. Available at:
https://www.wma.net/wp-content/uploads/2016/11/DoH-Oct2008.pdf (July 18, 2021).

> Ob utverzhdenii pravil nadlezhashchei klinicheskoi praktiki: Prikaz Ministerstva zdravookhraneniya RF ot 1 aprelya
2016 g. Ne 200n [On Approval of the rules for good clinical practice: The Order by the RF Public Healthcare Ministry issued on
April 01, 2016 No. 200n]. GARANT: the information and legal support. Available at: https://base.garant.ru/71473446/ (July 18,

2021) (in Russian).
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Results and discussion. In our previous
study we analyzed the sub-population structure
of lymphocytes in the same patients with VD.
The study established changes in the immune
response, notably growing quantities of CD3"-,
CD4'-, CD8"-lymphocytes and declining levels
of CD20", CD25"-lymphocytes in the patients
with VD; the changes were caused by exposure
to local vibration. We also revealed growing
quantities of CD3"-, CD4"-, CD8"-, CD16 -,
CD20"-, CD25"-, CD95"-lymphocytes in the
patients with VD caused by combined exposure
to local and overall vibration, All this indicated
that the immune system was apparently acti-
vated owing to this occupational pathology
[11]. Bearing in mind that lymphocytes sub-
populations produced cytokines [6, 12], we ana-
lyzed levels of those cytokines which reflected
how active lymphocytic cells were.

Our analysis of cytokine contents in pa-
tients with VD (Table 1) established a statisti-
cally significant increase in contents of pro-
inflammatory cytokines IL-8 and INFy in the
test group against the reference one (p = 0.007
and p = 0.016 respectively). As for the con-
tents of regulatory IL-2, we detected a decline
in it in the test group in contrast to the refer-
ence group (p = 0.0003).

Interleukins and interferons in Table 1
create a whole network of interactions where
they have crossing functions and can act in
synergy with other cytokines and lympho-
cytes [13]. Therefore the next stage in our re-
search involved analyzing possible correla-
tions between the phenotypic structure of
lymphocytes and cytokines levels in the ex-
amined people. We established that those cor-
relations in patients with VD were different
from those detected for healthy people. This
can be due to risks of more severe vibration
disease. Significantly, all those correlations
were positive.

Thus, the patients with VD had a positive
correlation between the absolute quantity of the
overall CD3" lymphocytes population (r = 0.46,
p = 0.029) and the level of immune-stimulating
IL-2 (Table 2). Also there was a positive corre-
lation between the quantity of T-helpers CD4"
and IL-4 contents in the examined patients with
VD (r=0.39, p =0.027).

On the contrary, our examination of corre-
lations between cellular immunity parameters
and cytokines concentrations in the healthy
people from the reference group established
negative correlations between IFNy and abso-
lute quantities of CD3" (r = —0.68, p = 0.029)

Table 1

Cytokine contents in blood serum in patients with vibration disease, Me (Q25-Q75)

. Patients with VD, Reference group,

Indicators, pg/ml n=>54 h=27 p

1L-2 4.16 (1.97-7.55) 6.01 (5.68-8.32) 0.0003

1L-4 0.01 (0.01-2.71) 0.01 (0.01-0.32)

1L-8 15.84 (0.94-37.38) 10.3 (0.01-14.6) 0.007

INFy 1.63 (0.01-38.96) 0.23 (0.01-9.49) 0.016
Note: pshows the level of statistically significance for differences between the groups.

Table 2

Results produced by analyzing correlations between the quantity of lymphocytes and cytokines

in the patients with VD and the reference group

Correlation pairs lymphocytes — cytokines Patients with VD Reference group
CD3"-1L-2 0.459 —
CD4 -1L4 0.389 —
CD3"— INFy - -0.681
CD95" — INFy - -0.633

Note: the given values of r (Spearman’s rank correlation coefficient) correspond to p < 0.05; dashes mean
there are no statistically significant correlations, p > 0.05.
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and CD95"-lymphocytes (r = —0.68, p = 0.047)
(Table 2). Given that there were no correla-
tions between IFNy and lymphocytes in the
patients with VD, we can conclude that this
interferon was completely excluded from the
immune regulation in their bodies.

The basic function performed by the cyto-
kines system is to provide well-coordinated
working of the immune and nervous systems as
a response to stress [14]. Our analysis of cyto-
kines contents in the patients with VD allowed
establishing hyperactivity of pro-inflammatory
cytokines IL-8 and INFy. It should be noted that
IL-8 has a specific property which is its ability
to regulate fast secretion of IL-8 protein product
due to its release from neutrophilic granulo-
cytes (they contain preformed IL-8) migrating
after cells activation. In its turn, following the
positive feedback principle, a drastic IL-8 ejec-
tion can induce its synthesis by the same cells
and activate its functional properties and block
up apoptosis of granulocytes [15-17]. We can
assume that this mechanism for self-regulating
the production of the aforementioned inter-
leukin can underlie chronic inflammation sup-
porting its acute phase in tissues in patients
with VD. Undoubtedly, this creates a risk that
the disease will last longer and be more severe.
A significant growth in INFy level is also re-
lated to the process becoming chronic when its
production by type I T-helpers is enhanced
[18]. This can explain a situation when IL-4
was determined within its reference values in
patients with VD. Elevated concentrations of
pro-inflammatory cytokines which we detected
in such patients indicate that the inflammation
process is highly active in them and has already
become systemic. However, the examined pa-
tients had reduced IL-2 levels. We should note
that they had lower contents of CD25" lympho-
cytes which expressed the receptor to IL-2
(IL-2R). Reduced IL-2 contents in blood don’t
properly support IL-2 binding to IL-2R thus
disrupting T-helpers proliferation'. Obviously,
prolonged VD caused by exposure to vibration
results in depleting secretion of the aforemen-
tioned cytokine and the latter in its turn leads to
apparent disorders in immune responses.

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163
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We performed the correlation analysis with
its focus on correlations between lymphocytes
sub-population and cytokines in the examined
people. The analysis established a positive cor-
relation between the absolute quantity of CD3"-
lymphocytes and the level of immune-stimu-
lating IL-2. We can assume that lower IL-2
concentration in blood of the patients with VD
occurred against an imbalance between the
structure of lymphocytes population and sub-
population which developed due to immune
cells differentiating and ripening improperly as
well as their migration into an inflammation
focus. The number of CD4 -lymphocytes in the
examined patients with VD was associated with
the level of IL-4 which was mainly produced by
Th2-lymphocytes. Besides, mast cells, baso-
phils and D-lymphocytes also participate in
synthesizing this interleukin. IL-4 induces
T-lymphocytes differentiating into Th-2 cells
thus inhibiting Th-1 lymphocytes development,
activates macrophages, and evokes proliferation
of activated mature T-cells [6, 19]. All this be-
comes obvious due to detecting positive corre-
lations between concentrations of this cytokine
and the quantity of T-helpers (CD4"). Later this
can be used in developing informative criteria
showing severity of the pathological process.
People in the reference group had negative cor-
relations between the absolute quantity of CD3"
and CD95"-lymphocytes and IFNy. This is eas-
ily explained since CD3'-cells produce IFNy
which simultaneously activates CD3"-lympho-
cytes whereas CD95 -cells promote its apop-
tosis [20, 21].

A change in the nature of interrelations
between lymphocytes sub-populations and cy-
tokines contents can be due to a change in cy-
tokine producers as well as a lea sensitive cel-
lular response to cytokines [20, 22]. This cre-
ates elevated risks of developing immune
pathologic reactions playing an important role
in VD pathogenesis.

Conclusions. Therefore, risks of develop-
ing and progressing vibration disease are to a
certain extent associated with its pathogenetic
peculiarities. These peculiarities are related to,
among other things, an imbalance of lympho-
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cytic phenotypes and pro-anti-inflammatory
cytokines characterized with the direct correla-
tion between CD3" and IL-2, CD4"and IL-4
against activated pro-inflammatory cytokines
IL-8 and INFy and reduced levels of IL-2. Our
research data provide evidence that there are
complex functional interrelations in the im-
mune system. These data can be used in future
research for substantiating new biomarkers in
the additional VD diagnostics. To preserve
workers’ health, it seems advisable to draw on

experience in examining the immune status
during periodical medical examinations aimed
at minimizing risks of developing occupational
diseases.
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Research article

NEOPTERIN AS A BIOMARKER SHOWING RISKS OF DEVELOPING
PATHOLOGY IN BRONCHI AND LUNGS AMONG WORKERS
WHO HAVE OCCUPATIONAL CONTACTS WITH INDUSTRIAL AEROSOLS

T.V. Blinova, I.A. Umnyagina, V.V. Troshin, L.A. Strakhova, S.A. Kolesov

Nizhny Novgorod Scientific Research Institute for Hygiene and Occupational Pathology, 20 Semashko Str., Nizhny
Novgorod, 603105, Russian Federation

Our research goal was to estimate neopterin level in blood serum of workers occupationally exposed to industrial
aerosols with predominantly fibrogenic effects; to establish a relationship between this level and workers’ age, working
experience in hazardous working conditions, spirometric parameters and the level of C-reactive protein. We also aimed
to assess neopterin as a possible biomarker showing risks of the developing inflammatory process in the bronchi and
lungs at its early stage.

Our observation covered the following groups: workers employed at a metallurgic plant who had occupa-
tional contacts with industrial aerosols (exposure factors included welding and silicon-containing aerosols with
predominantly fibrogenic effects in concentrations exceeding maximum permissible ones in workplace air); people
suffering from chronic obstructive pulmonary disease of occupational etiology (COPD OE) in their post-exposure
period; workers who didn’t have any occupational contacts with industrial aerosols. We determined neopterin con-
tents in blood serum with ELISA test using “ Neopterin ELISA” reagent kit (IBL, Hamburg). Elevated neopterin
levels were detected in blood serum of 56.1 % workers who were occupationally exposed to industrial aerosols and
53.3 % of patients with COPD OE; we also found a direct correlation between levels of neopterin and interferon
gamma. Only 18.7 % workers without any occupational contacts with industrial aerosols had elevated neopterin
levels in their blood serum and there were no authentic correlations between these levels and interferon gamma
contents in this group. Workers who were occupationally exposed to industrial aerosols had a more apparent in-
crease in the average level of neopterin at an age younger than 40 years and working experience shorter than
20 years in comparison with workers without any such exposure.

Neopterin can be used as a potential sensitive biomarker showing risks of an early inflammatory reaction in the lungs
occurring in workers who are occupationally exposed to industrial aerosols. People with elevated neopterin levels in blood,
especially those who are occupationally exposed to industrial aerosols, can be recommended to have their bronchi and lungs
monitored in dynamics.

Key words: neopterin, macrophages, industrial aerosols, pathology in the bronchi and lungs, risk factor.

Diseases of the bronchi and lungs are
among the most widely spread occupational
pathologies. Pneumoconiosis, occupational

Industrial aerosols occur in workplace air
when metal items are processed mechanically
(when moldings are purified, polished, and

bronchitis, and chronic obstructive pulmonary
disease (COPD) often result from occupa-
tional exposure to industrial aerosols.

ground), or due to thermal processes or subli-
mation of solid substances (melting, welding,
etc.). Depending on their chemical structure,
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industrial aerosols can produce fibrogenic, irri-
tating, toxic, allergenic, carcinogenic, and ion-
izing effects on the body'. Workers employed
at metallurgic production or civil engineering
enterprises are primarily exposed to aerosols
with fibrogenic effects. Exposure to chemicals
in contents not exceeding maximum permissi-
ble concentrations (MPC) doesn’t exclude
probable health disorders in excessively sensi-
tive people’. Industrial aerosols can cause
acute and, in case of long-term exposure, even
chronic damage to the lungs that usually de-
velops into fibrosis.

Health outcomes that may result from oc-
cupational exposure to industrial aerosols are
given a lot of attention by experts in the field
and studies usually concentrate on examining
pathogenetic mechanisms of interaction be-
tween aerosol particles in workplace air and
lung tissue cells [1]. Silicon-containing welding
aerosols have significant capacity to activate
the monocytic-macrophage system of the body.

Macrophages that circulate in blood and
occur in lung tissues are the first barrier pro-
tecting the body from foreign substances. Al-
veolar macrophages (AMs) play a leading role
in activating mucosal immunity mechanisms
when various pathogenic substances penetrate
airways mucosa. AMs generate reactive oxy-
gen species (ROS) and reactive nitrogen spe-
cies (RNS), phagocytize actively and neutral-
ize infectious agents; they are the key compo-
nent that regulates inflammation [2, 3].

Macrophages are highly plastic and able
to polarize. M1 phenotype macrophages pro-
duce apparent cytotoxic and antimicrobial ef-
fects. When activated classically, they main-
tain inflammation in the lung tissue by produc-
ing pro-inflammatory cytokines (interleukins-
1B, -6, -12, -23, tumor necrosis factor alpha)
and destructing an inflammation focus [4]. M2
phenotype macrophages, which are activated
as per an alternative way, make for fibrogene-

sis, proliferative processes, and tissue regen-
eration [5, 6].

Chronic clinical course of lung diseases
occurs obviously due to macrophages “repro-
gramming” themselves towards M2 profile [7].
We should note that lung macrophages phago-
cytize actively and neutralize infectious agents
but they are unable to remove aerosol particles
completely. Inert particles are not destroyed by
macrophage lysosomal apparatus. Besides,
aerosols activate the bactericide oxygen sys-
tem of macrophages and thereby stimulate
production of reactive oxygen species and
make for oxidation stress development. Free
radicals that occur in abundance destroy phos-
pholipid membranes of phagosomes and, as a
result, a macrophage dies, aerosol particles are
released into the surrounding medium, are then
captured by another macrophage, and the
process repeats itself again and again [8].
When macrophages are activated and then de-
stroyed, this results in release of proteases and
chemokines that enhance inflammation and
subsequently cause tissue lesions [9]. Besides,
other factors are activated including those re-
sponsible for macrophage flow to a place
where aerosols are deposited, for example, col-
ony-stimulating factors, factors of granulocyte
proliferation in the bone marrow, etc. Inflam-
mation mediators are synthesized in greater
quantities and neopterin is among them [10].

According to the latest concepts, neop-
terin is a non-specific highly sensitive marker
showing activation of the monocytic section in
the cellular immunity. Neopterin is a pteridine
released by specific immune cells, primarily
macrophages and monocytes, when a specific
immune response involving T-cells is acti-
vated due to their stimulation by interferon
gamma (IFNy). Production of neopterin is
usually directly linked to synthesis of IFNy
which can be released by inborn or adaptive
immunity cells, in particular, so called “natural

!'Professional'naya patologiya: natsional'noe rukovodstvo [Occupational pathology: the national guide]. In: N.F. Izmerov

ed. Moscow, GEOTAR-Media Publ., 2011, 784 p. (in Russian).

2R 2.2.2006-05. 2.2. Occupational hygiene. Guide on Hygienic Assessment of Factors of Working Environment and
Work Load. Criteria and Classification of Working Conditions: approved by G.G. Onishchenko, the RF Chief Sanitary In-
spector on July 29, 2005. KODEKS: an electronic fund for legal and reference documentation. Available at: https://docs.
cntd.ru/document/1200040973 (November 18, 2021) (in Russian).
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killers”. Quantity of synthesized neopterin is
directly proportionate to quantity of IFNy [11].
A lot of research works focus on a role that
belongs to neopterin in cardiovascular pathol-
ogy developing and progressing as well as
prognosis for it. Neopterin has been shown to
be a predictor of clinical outcomes for chronic
and acute ischemic heart disease (IHD). Coro-
nary angiography has established that neop-
terin levels in blood serum depend on how
IHD progresses in patients with stable angina
pectoris. Research works by many authors
confirm that neopterin is a significant compo-
nent in estimating stability of atheromas in pa-
tients with IHD and in monitoring over health
of patients after coronary stent implantation
[12, 13]. Not so many works dwell on examin-
ing a role neopterin plays in lung diseases. Re-
sults produced by few studies indicate that
monitoring over neopterin levels can have
some diagnostic and prognostic value in case
of diseases caused by exposure to silicon diox-
ide, for example, silicosis [14]. Some authors
have considered neopterin to be an immu-
nological biomarker eligible for assessing
clinical course of pneumoconiosis in workers
employed in coal mining [15]. Neopterin in
blood serum has also been proved to be a sig-
nificant indicator of inflammation and exacer-
bations in patients with COPD [16-18].

Our research goal was to estimate the
neopterin level in blood serum of workers occu-
pationally exposed to industrial aerosols with
predominantly fibrogenic effects; to establish a
relationship between this level and workers’ age,
working experience in hazardous working condi-
tions, spirometric parameters and the level of C-
reactive protein. We also aimed to assess neop-
terin as a possible biomarker showing risks of a
developing inflammatory process in the bronchi
and lungs at its early stage.

Materials and methods. Overall, 194
people took part in our research; they were di-
vided into three groups:

— the 1% group (or the test group) included
workers employed at a metallurgic plant lo-
cated in Nizhniy Novgorod region (57 men
aged 39.1 £ 9.5 years with their working ex-
perience being 13.8 + 7.7 years) who were
occupationally exposed to welding and silicon-
containing aerosols with predominantly fibro-
genic effects (electrogas welders, workers
dealing with strops, metal cutters, rollers, and
millers);

— the 2™ group (or the control group)
was made up of patients with COPD OE with
stable clinical course caused by long-term ex-
posure to welding and silicon-containing
aerosols with predominantly fibrogenic ef-
fects. They were all treated in the clinic of the
Rospotrebnadzor’s Nizhny Novgorod Scien-
tific Research Institute for Hygiene and Oc-
cupational Pathology (30 patients overall
(8 women and 22 men) aged 56.8 £ 7.8 years
and with their working experience being
26.0+ 8.0 years). The modified Tiffeneau-
Pinelli index amounted to less than 70 % of its
physiological standard in all of them. COPD
was diagnosed based on criteria outlined in the
Global Strategy for the Diagnosis, Manage-
ment, and Prevention of Chronic Obstructive
Pulmonary Disease — GOLD, 2021, and clinical
recommendations developed by the Russian
respiratory society’. The disease was proven to
have occupational etiology in the course of
medical examinations according to the rules
stipulated in the National guide on occupa-
tional respiratory diseases (sanitary-hygienic
conditions at workplaces were analyzed,
working experience under harmful and haz-
ardous conditions was taken into account, and
medical records were thoroughly examined)®;

— the 3" group (or the reference one) in-
cluded people employed at various productions
who were not exposed to industrial aerosols at
their workplaces (107 people overall (49 men
and 58 women) aged 40.8 & 9.9 years and work-
ing experience being 13.9 + 8.5 years).

3 Khronicheskaya obstruktivnaya bolezn' legkikh: klinicheskie rekomendatsii [Chronic obstructive pulmonary disease:
clinical recommendations]. The RF Public Healthcare Ministry. Moscow, the Russian Respiratory Society Publ., 2018. Avail-
able at: https://cr.minzdrav.gov.ru/schema/603 1 (May 27, 2021) (in Russian).

* Professional'nye zabolevaniya organov dykhaniya: natsional'noe rukovodstvo [Occupational respiratory diseases: the na-
tional guide]. In: N.F. Izmerov, A.G. Chuchalin eds. Moscow, GEOTAR-Media Publ., 2015, 806 p. (in Russian).
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People from the 1% and the 3™ group had
periodical medical examinations at the consul-
tative polyclinic of the Rospotrebnadzor’s
Nizhny Novgorod Scientific Research Institute
for Hygiene and Occupational Pathology.

We excluded people with acute commu-
nicable diseases, malignant neoplasms, diabe-
tes mellitus, and exacerbated chronic diseases
from our research.

Working conditions were estimated ac-
cording to the Federal Law No. 426 issued on
December 28, 2013 “On special assessment of
working conditions™. According to these es-
timates contents of particulate matter (dusts)
were sometimes higher than maximum per-
missible concentrations in workplace air where
people from the 1* group worked and working
conditions there belonged to hazard category
3.1 (harmful, the 1% degree). Average shift
concentrations of diiron trioxide in dusts var-
ied from 0.65 to 7.2 mg/m’ at different spots
(MPC is 6.0 mg/m3); silicon dioxide (accounting
for 10 to 70 % in dusts), from 0.44 to 2.4 mg/m’
(MPC is 2.0 mg/nr’); iron, from 1.65 to 2.6 mg/n’
(MPC is 10.0 mg/m”); electro-corundum (alu-
minum oxide), from 1.8 to 6.6 mg/m3 (MPC is
6.0 mg/m’); manganese (with its share in dusts
being up to 20 %), from 0.25 to 0.72 mg/m’
(MPC is 0.6 mg/m’). Maximal concentrations
of manganese, silicon dioxide, electro-corun-
dum, and diiron trioxide in workplace air were
by 1.1-1.2 times higher than MPC (working
conditions belong to hazard category 3.1) at
workplaces of metal cutters, millers and elec-
trogas welders. When welding was performed,
ozone contents in an area where a welder
breathed were by 1.1 times higher than MPC.
Occupational noise was higher than its maxi-
mum permissible level (more than 80 dBA) at
the examined workplaces and reached 90-95
dBA at some of them (working conditions be-
longing to hazard category 3.2, (“harmful”, the
2" degree)). Overall assessment of working
conditions assigned them into hazard catego-

ries 3.1-3.2 (“harmful conditions”, the 1** and
2" degree).

All participants gave their informed con-
sent to take part in our research; the research
work was approved by the local ethical com-
mittee at the Rospotrebnadzor’s Nizhny Nov-
gorod Scientific Research Institute for Hy-
giene and Occupational Pathology.

We examined external respiration in all
patients using “Spirolablll OXY” spirometer
(Italy) and estimating the following spiromet-
ric parameters: forced vital capacity (FVC,
Y%standard), forced expiratory volume over the
1* second (FEV1, %standard), calculated ratio of
these two indicators (FEV/FVC, %) or the
modified Tiffeneau-Pinelli index (MTPI), and
peak expiratory flow at 75 % FVC (PEF 75 %).

We determined neopterin and IFNy con-
tents in blood serum with ELISA tests using
“Neopterin ELISA” reagent kit (IBL, Ham-
burg) and “gamma-Interferon-ELISA-BEST”
(“Vector-Best” JSC, Russia). C-reactive protein
(CRP) in blood serum was also detected with
ELISA tests using highly sensitive “CRP-
ELISA-BEST” reagent kit (“Vector-Best” JSC,
Russia) with its detection limit being 0.05 TU/L

To estimate age-specific neopterin con-
tents in blood serum, we divided people in the
1 and 3" groups into four age sub-groups:
aged 25-30 years, 31-40 years, 41-50 years,
51-60 years and older.

To estimate neopterin contents in blood
serum depending on working experience, peo-
ple in the 1** and 3™ group were divided into
three sub-groups: with working experience not
exceeding 10 years, from 11 to 20 years, and
longer than 20 years.

The results were statistically analyzed
with variation statistic procedures using “Sta-
tistica 6.1 software package (StatSoft Inc.,
USA). We applied Shapiro — Wilk test to
check if indicators were distributed normally
and to analyze dispersion equality. In case in-
dicators were distributed normally, we ana-

> O spetsial'noi otsenke uslovii truda: federal'nyi zakon FZ Ne 426 ot 28.12.2013 g. (prinyat Gos. Dumoi 23.12.2013, odo-
bren Sovetom Federatsii 25.12.2013) [On special assessment of working conditions: The Federal Law No. 426 issued on De-
cember 28, 2013 (approved by the State Duma on December 23, 2013, approved by the Federation Council on December 25,
2013)]. KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW 156555/ (November 27, 2021)

(in Russian).
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lyzed them using parametric statistic proce-
dures. Distributions were estimated by calcu-
lating simple mean (M) and root-men-square
deviation (8). We estimated authenticity of dif-
ferences between mean values obtained for
different groups using parametric Student’s
t-test. We applied Pearson’s correlation coeffi-
cient to determine whether there was a linear
correlation between two quantitative indica-
tors. In case indicators were not distributed
normally, we applied non-parametric statistic
procedures, for example, Mann — Whitney
U test. The data were given as Med £ IQR
(25-75 %). We applied non-parametric good-
ness-of-fit test x> (Pearson’s test) to estimate
statistical significance of differences between
several relative indicators (frequencies).

Critical level of significance was taken at
p < 0.05. Values of p from 0.05 and up to 0.1
inclusively were considered to be trends.

Results and discussion. We didn’t de-
tect any sex-related differences in neopterin
contents in blood serum and frequencies of its
elevated levels (more than 10.0 nmol/l) in the
exposed and non-exposed workers as well as
patients with COPD OE (p > 0.05). Table 1
provides the data on neopterin contents in
blood serum and frequencies of its elevated
levels in the examined people from all three
groups.

Neopterin concentrations in blood serum
of the examined people varied from 2.8 to
21.9 nmol/l as we established by analyzing
the obtained data. Its average concentration

was the highest in blood serum of the workers
exposed to industrial aerosols (Group 1) and
patients with COPD (Group 2). Neopterin
levels in blood serum of the patients with
COPD OE were authentically higher that the
same indicator in blood serum of the workers
exposed to industrial aerosols (p;—> = 0.009).
The non-exposed workers had neopterin lev-
els in their blood serum within reference val-
ues and these levels were authentically differ-
ent from those detected in the first two groups
(p1-3 = 0.0001; po-3 = 0.0001). Elevated neop-
terin levels (more than 10.0 nmol/l) were de-
tected in a half of the workers who were
occupationally exposed to industrial aerosols
and patients with COPD OE, 56.1 % and
53.3 % respectively. Such elevated levels
were detected only in 18.7 % of the non-
exposed workers, hence by 2.8-3 times less
frequently against the first two groups.

Table 2 provides data on neopterin levels
indifferent age sub-groups of the workers in
the test group (Group 1) and reference group
(Group 3). We detected the lowest neopterin
levels among the workers exposed to industrial
aerosols and non-exposed ones in the age sub-
group from 25 to 30 years (9.1 £ 2.7 nmol/l
and 6.3 = 2.1 nmol/l respectively). Neopterin
levels detected in this age sub-group were au-
thentically different from those detected in
people aged from 31 to 60 years (p = 0.002 for
Group 1 and p = 0.039 for Group 3 (Student’s
t-test)). We should note that neopterin concen-
tration in blood serum was authentically higher

Table 1
Neopterin concentration in blood serum and frequency of its elevated levels in workers and
patients with COPD OE
Examined groups

Indicator Group 1 (test) Group 2 (control) Group 3 (reference)
(n=57) (n=30) (n=107)
Neopterin concentration (nmol/l), M + § 104+1.7 11.9+23 75+1.8

(Student’s t-test) p12=0.009; p; 3=10.0001; p, 3 =0.0001
Frequency of elevated neopterin level

(more than 10.0 nmol/1), abs. (%) 32(36.1) 16(333) 20(18.7)

p* ()(2 test)

2= 0.528, po=0.468;
2= 24.086, p13<0.001;
¥’ = 14.514, p, 3<0.001

Note: p (Student’s t-test) is authenticity of differences in neopterin contents between the groups;
p* (o test) is authenticity of differences in frequencies of elevated neopterin levels between the groups.
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Table 2

Neopterin concentration in blood serum and frequency of its elevated levels in different

age sub-groups

Age sub-groups

Sub-group 1 Sub-group 2 Sub-group 3 Sub-group 4
(from 25 to 30 years) (from 31 to 40 years) (from 41 to 50 years) (from 51 to 60 years)
Group 1 Group 3 Group 1 Group 3 Group 1 Group 3 Group 1 Group 3

test reference test reference test reference test reference
(n=23) (h=12) (n=11) (h=135) (h=13) (n=139) (n=10) (n=21)

Age (years), M £3

284+16 | 275+21

381+1.19 | 378+1.15

43.0+244 | 43.3+343

540+28 | 55.0+32

P13~ 0.19 P13~ 0.41 Pi13= 0.91 P13~ 0.92
Neopterin concentration (nmol/l), M + &
91+27 | 63+2.1 120£29 | 7.6+25 11.7+27 | 82+26 10716 | 77+25
p1,3* =0.007 p1,3* =0.0001 p1,3* =0.001 p1,3* =0.008
Frequency of elevated neopterin levels (more than 10.0 nmol/l), abs. (%)

9(39.1) | 0(0) 6(545) | 4114 9(69.2) | 10(25.6) 8(80.0) | 6(28.5)
¥ =837 ¥ = 12.538 ¥=10517 2= 10.608
pLs** =0.004 pLs** <0.001 pLs** = 0.002 PLs** =0.002

Note:

p (Student’s t-test) is authenticity of differences in age in each age sub-group between Group 1 and Group 3;
p* (Student’s t-test) is authenticity of differences in neopterin concentration each age sub-group between

Group 1 and Group 3;

p** (i test) is authenticity of differences in frequencies of elevated neopterin levels in each age sub-group be-

tween Group 1 and Group 3.

in all age sub-groups of exposed workers
(Group 1) against non-exposed ones (Group 3)
(p1-3* = 0.007 for the age sub-group from 25 to
30 years; p;3* = 0.0001, from 31 to 40 years;
pi13* =0.001, from 41 to 50 years; p;3* = 0.008,
from 51 to 60 years).

Frequency of elevated neopterin levels
(more than 10.0 nmol/l) grew with age in both
groups (from 39.1 to 80.0 % in Group 1 and
from 0 to 28.5 % in Group 3). This indicator
was authentically higher in all age sub-groups
of the workers who were occupationally ex-
posed to industrial aerosols than in all age sub-
groups of their non-exposed counterparts
(p1-3* = 0.004 for the age sub-group from 25
to 30 years; p;_3* <0.001, from 31 to 40 years;
p1-3* =0.002, from 41 to 50 years; p;3* = 0.002,
from 51 to 60 years).

Most patients with COPD OE were older
than 50 years. Neopterin concentration in their
blood serum didn’t differ from those detected
in age-sub-groups 2, 3 and 4 in Group 1 (p;» =
=0.42 from 31 to 40 years; p; > = 0.42 from 41
to 50 years; p;» = 0.41 from 51 to 60 years,
Student’s t-test). Frequency of elevated neop-
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terin levels (more than 10.0 nmol/l) didn’t dif-
fer from this indicator in Group 1 either in the
age sub-groups 2, 3 and 4 ()(2 = 0.005, p;2=0.9
from 31 to 40 years; y° = 0.94, pi» = 0.33
from 41 to 50 years; y* = 2.222, pi, = 0.137
from 51 to 60 years).

Table 3 provides the data on neopterin
concentration in the examined workers’ blood
serum and frequency of its elevated levels de-
pending on working experience.

Having analyzed all the obtained data, we
established that neopterin concentration in
blood serum grew as working experience got
longer in the sub-groups 1 and 2 in both test
and reference group (p = 0.004 for Group I;
p = 0.01 for Group 3). Neopterin concentra-
tion in blood serum of the workers with their
working experience being longer than 20
years (sub-group 3) didn’t differ from levels
detected in workers with their working ex-
perience being from 11 to 20 years and not
longer than 10 years. Frequency of elevated
neopterin levels grew as working experience
got longer in both groups (from 33.3 % to
90.0 % in Group 1 and from 12.1 % to 27.3 %
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in Group 3). This indicator was authentically
higher in all sub-groups of the exposed
workers with different working experience
than in their non-exposed counterparts
(p13** = 0.024 for the workers with their expe-
rience not exceeding 10 years; p;_3** = 0.014,
from 11 to 20 years; p;3** < 0.001, longer
than 20 years).

We analyzed correlations between neop-
terin concentration in the workers’ blood se-
rum and spirometric parameters. Table 4 pro-
vides the results.

Our research established that FEV; and
PEF 75 % were authentically lower in the
workers who were occupationally exposed to

industrial aerosols than in their non-exposed
counterparts (p;.3 = 0.042 for FEVy;
pi1-3 = 0.015 for PEF 75 %). A trend for an
inverse correlation was detected only be-
tween neopterin concentration and PEF 75 %
(R=-0.26, p = 0.06).

Table 5 provides the results produced by
analyzing CRP and IFNy levels in blood serum
of the examined people.

We analyzed CRP concentrations in blood
serum of the examined people and established
that they varied from 0.5 to 15.0 mg/l. Its av-
erage value was the highest in blood serum of
patients with COPD OE and was authentically
different from the values detected among

Table 3
Neopterin concentration in blood serum frequency of its elevated levels depending on working
experience
Sub-groups as per working experience
Sub-group 1 Sub-group 2 Sub-group 3
(not longer than 10 years) (from 11 to 20 years) (longer than 20 years)
Group 1 Group 3 Group 1 Group 3 Group 1 Group 3
test reference test reference test reference
(n=24) (n=58) (n=23) (n=16) (n=10) (n=33)
Neopterin concentration (nmol/l), M + §
92+28 | 77+21 115£25 | 85+26 109+14 |  78+29
pl,j,* =0.009 p1,3* =0.001 p1,3* =0.002
Frequency of elevated neopterin levels (more than 10.0 nmol/l), abs. (%)
8 (33.3) | 7(12.1) 15(652) | 4(25.0) 9 (90.0) | 9 (27.3)
¥=5.136 ¥ =6.109 =124
pi3** =0.024 pi** =0.014 ps** <0.001
Note:

p* (Student’s t-test) is authenticity of differences in neopterin concentration in each sub-group as per working
experience between Group 1 and Group 3;
p** (y test) is authenticity of differences in frequencies of elevated neopterin levels in each sub-group as per
working experience between Group 1 and Group 3.

Table 4
Spirometric parameters and correlations between them and neopterin concentrations in workers’
blood serum
Examined group
Palr\jlmieater, Group 1 (test) Group 3 (reference) R
- (n=57) (n=107) P13
FVC, Y%standard 105.0+ 15.6 109+ 14.7 0.12 —0.07,p=0.57
FEV 1, %sandard 974+13.6 102+ 13.1 0.042 —0.11,p=0.38
MTPI, % 92.8+7.7 94.3+9.0 0.23 —0.03, p=0.81
PEF 75 % 70.3+20.8 80.4+26.3 0.015 —0.26, p =0.06
Note:

P13 (Student’s t-test) is authenticity of differences in spirometric parameters between Groups 1 and 3;
R is Pearson’s correlation coefficient showing correlations between neopterin concentration in workers’ blood
serum (Groups 1 and 3) and spirometric parameters.
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Table 5

CRP and IFNy concentrations in blood serum and frequencies of their elevated levels
in the workers and patients with COPD OE

Examined groups

Indicator

Group 1 (test)
(n=157)

Group 2 (control) | Group 3 (reference)

(n=30) (n=107)

CRP concentration (mg/l),
Med + IQR (25-75 %)

4.9 (1.94-7.29)

9.25 (4.4-16.2) 3.57 (1.49-6.99)

p

P2 = 0.001; p;; = 0.32; p, 5 = 0.0001

Frequency of elevated CRP level

(more than 8.0 mg/l), abs. (%) 9 (15.7) 15(50.0) 21(19.7)
2°=8.124, p»=0.005;
p* 22 =3.547,p13=0.06;
72 =12.4,p,3<0.001
IFNy concentration (pg/l), M £ & 1.24 +0.85 | 1.25+0.91 | 0.88 + 0.59
p** P = 0.82;p1,3 = 0004, P23 = 0.005
Frequency of elevated IFNy level
(higher than 20.0 pg/ml), abs. (%) 0(0) 0(0) 0(0)

Note:

p (Mann — Whitney test) is authenticity of differences in CRP concentration between Groups 1, 2 and 3;
P* () test) is authenticity of differences in frequencies of elevated CRP concentrations between Groups 1, 2 and 3;
p** (Student’s t-test) is authenticity of differences in IFNy concentrations between Groups 1, 2 and 3.

workers from Group 1 and 3 (p;» = 0.001;
p23 = 0,0001). We didn’t detect any differ-
ences in CRP concentrations between the
workers from Groups 1 and 3 (p;3 = 0.32).
Elevated CRP level (more than 8.0 mg/l) was
detected in 15.7 % of the workers who were
occupationally exposed to industrial aerosols;
in 19.7 % of non-exposed workers; and in
50.0 % of the patients with COPD OE. We
didn’t detect any correlation between neop-
terin and CRP.

Our analysis of IFNy concentrations in
blood serum of the examined people estab-
lished that they were within reference levels
both in the workers and patients with COPD
OE (Table 5). However, IFNy concentration
was authentically higher in the workers who
were occupationally exposed to industrial
aerosols and in the patients with COPD OE
than in the non-exposed workers (p;_» = 0.82;
P13 = 0.004;}9273 = 0005)

The correlation analysis showed a direct
correlation between IFNy and neopterin con-
centrations in the exposed workers and pa-
tients with COPD OE (Groups 1 and 2),
R=0.35,p=0.04 and R=0.48, p = 0.01 re-
spectively. We revealed only a trend for a
correlation between neopterin and IFNy con-
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centrations for the non-exposed workers
(Group 3) (R=0.18, p = 0.08). However, we
found an authentic direct correlation between
neopterin and [FNy levels (R=0.51, p = 0.01)
in the workers from this group who had high
neopterin levels in their blood serum.
Therefore, the research results indicated
that 56.1 % the workers who were occupa-
tionally exposed to industrial aerosols had
elevated neopterin level in their blood serum
which was also detected in the patients with
COPD OE (53.3 %). This implies that indus-
trial aerosols produced negative effects on the
bronchi and lungs of the exposed workers.
Elevated neopterin levels were by 3 times less
frequently detected in the workers who didn’t
have any contacts with industrial aerosols at
their workplaces. Neopterin synthesis is
linked to IFNy as it is confirmed by the
detected direct correlations between neopterin
and IFNy concentrations. These correlations
were more apparent in the workers who were
occupationally exposed to industrial aerosols
and in the patients with COPD OE in the
post-exposure period. This fact shows that
stimulated cellular immunity can possibly
participate in developing and progressing
bronchopulmonary diseases.
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We established common regularities and
differences in how neopterin levels changed
and how frequently they were elevated in the
workers who were occupationally exposed to
industrial aerosols and in non-exposed ones.
Average neopterin concentration grew in all
workers who were younger than 40 years and
was higher than the reference value (up to
10.0 nmol/l) in the workers exposed to indus-
trial aerosols whereas it was within reference
values in all age sub-groups of the non-exposed
workers. Frequency of elevated neopterin levels
also grew in all workers depending both on age
and working experience; however, this growth
was more apparent in the workers who were
occupationally exposed to industrial aerosols.
This growing neopterin level depending on
working experience is probably due to only
young workers (aged from 25 to 30) being in-
cluded into the sub-group with working experi-
ence not exceeding 10 years. However, we
can’t exclude probable influence exerted on
neopterin concentration in blood serum by
longer contacts with industrial aerosols.

Research works performed by some authors
indicate there is a correlation between neopterin
and age. But their conclusions don’t clarify
whether higher neopterin levels occur due to
normal immune ageing in a healthy body or they
can be related to more patients with diseases
which haven’t been diagnosed so far but are ac-
companied with elevated neopterin levels. Some
authors detected a weak linear growth in neop-
terin levels in older patients that started some-
where between the 3™ and 4" decades of their
age. This allowed assuming that an increase in
neopterin level could be considered a part of
physiological immune ageing; however, we still
can’t exclude an alternative explanation, notably,
occurrence of age-related diseases [19, 20].

Currently most authors consider neopterin
to be a highly sensitive marker of inflammation
[21]. Our comparative analysis of neopterin and
CRP levels suggests that neopterin is a more
specific factor reflecting inflammation in the
bronchi and lungs. Elevated neopterin levels
were detected in the workers who were occupa-
tionally exposed to industrial aerosols and in
the patients with COPD OE in more than
50.0 % cases whereas CRP levels were detected
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with the same frequency among both exposed
and non-exposed workers (15.7 % and 19.7 %
respectively). We didn’t detect any differences
in CRP concentrations in blood serum between
the workers from both groups (1 and 3) and
there were authentic differences only between
the workers and patients with COPD OE.

Since neopterin is closely connected with
early stages in inflammatory processes in the
lungs, it can provide an insight into early
changes in the bronchial tubes and bronchioles
of workers who are occupationally exposed to
industrial aerosols. This is proven by a trend
for an inverse correlation between neopterin
level and PEF 75 % (p = 0.06).

Therefore, neopterin can be used as a diag-
nostic marker of developing inflammation in the
bronchi and lungs at its ecarly stage caused,
among other things, by occupational exposure to
industrial aerosols. On one hand, neopterin can
be considered a biomarker of effect which is ex-
pressed by activated macrophages in the lungs as
a result of exposure to a foreign substance, in-
dustrial aerosols being a good example here. On
the other hand, neopterin reflects activation of
macrophage section in the immunity that results
from exposure to industrial aerosols. The latter
seems to be an important pathogenetic mecha-
nism of developing pathologies in the lungs
caused by exposure to industrial aerosols.

Our research data indicate it is necessary
not only to further investigate neopterin as a
biomarker of effect and a risk of early develop-
ing pathologies in the bronchi and lungs but also
to determine its clinical significance as a prog-
nostic immunologic criterion regarding occupa-
tional lung pathologies. Our results can stimulate
further clinical and experimental research aimed
at examining immune pathogenesis of bron-
chopulmonary diseases and searching for new
immunologic biomarkers which can be used in
early diagnostics and prognosis. They can also
be eligible for developing new therapeutic
strategies for treatment of occupational lung dis-
eases involving immunomodulatory drugs.
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This review focuses on certain challenges related to hygienic assessment of urban planning. Studies by Soviet (and
later Russian) hygienists that have been accomplished since 1970ties have brought about optimal solutions for planning
urban districts, climatic peculiarities taken into account. Specific hygienic standards have been developed with respect to
insolation, building density, minimum safe distances from housing to parking areas, recommendations on creating green
spaces along the busiest motorways as well as some other parameters that are now a part of regulatory documents on con-
struction. A comfortable urban environment can hardly be created in Russian cities without adherence to hygienic standards
regarding ambient air quality, noise levels, insolation, creating easily available open green spaces. All this should be imple-
mented without any limitations on building density, especially in downtowns areas. Hygienic standards stipulate transition
from fossil fuels to more environmentally friendly ones in cities located in Sberia and the Far East. There are also other
multiple indicators of urban environment quality that shouldn’t be neglected. The review also considers how important inso-
lation is for health of urban citizens, especially bearing in mind the latest data on significance of vitamin D for prevention of
osteoporosis. A great attention is paid to positive effects produced by open green spaces on population health including men-
tal health, higher levels of physical activity, better social interactions and mutual trust, and reduced social isolation. All
these aspects are becoming truly vital after the COVID-19 pandemic. Green spaces are also important since they help miti-
gate certain negative conseguences of living in an aggressive urban environment.

Key words: public health, COVID-19, urban planning, building density, ambient air, noise, insolation, green spaces,
vitamin D.

Urbanization has been growing over the
last 20 years as has a share of urban population
in Russia and it has already reached 74.3 %. It
means that a lot of attention should be given to
living conditions in cities. In 2020 the share of
urban population in Russia was by almost 20
% higher than on average in the world where it
amounted to 55 %.

Historical background. In Russia studies
on peculiar features of different territories, cli-
mate included, started as far back as in the 18t
century. They enabled determining population
groups with high mortality and morbidity rates.
Over a period from 1797 to 1861 provincial
boards of health created more than 150 topog-

© Revich B.A., 2022

raphies describing wind directions, smells, and
other territorial features'. F.F. Erismann, a pio-
neer and founder of scientific hygiene in Rus-
sia, stated it was necessary to study health as
profoundly as possible bearing in mind associa-
tions with sanitary factors. Later the idea was
implemented by many doctors working in ur-
ban and rural areas. The 20" century brought
about rapid industrialization resulting in occur-
rence of a lot of new cities. Some of them were
properly located on the windward side with re-
spect to metallurgic productions (Magnitogorsk
as an example) but there were also poor choices
on layouts of industrial and residential areas.
Some cities were located in hollows between
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mountain ranges and their development led to
higher ambient air pollution, the city of Chita
being a good example here. As scientific hy-
giene advanced, new data were accumulated
and applied to develop relevant standards for
territorial layouts. It is very interesting to note
that in 1943, during the Great Patriotic War,
V.A. Ryazanov, the chief sanitary inspector and
deputy public healthcare minister in Perm re-
gion, in future an academician and the director
of the A.N. Sysin’s Chief Hygienic Institute of
the Russian Academy of Medical Sciences, de-
fended his doctoral thesis. Its subject was “Ur-
ban development with respect to smoke as a
major issue™. In his work, he substantiated the
necessity to establish maximum permissible
concentrations of pollutants in ambient air and
to assess ambient air pollution in urban plan-
ning. And it was 9 years prior to the infamous
London smog that became a worldwide phe-
nomenon and stimulated overall refusal from
firewood and coal as fuels. The study by V.A.
Ryazanov paved the way for the Soviet hygi-
enic standardization school that established
standards for concentrations of pollutants in
ambient air. Up to 80ties last century this
school occupied the leading place in the world
developing this direction together with studies
and research in the sphere of urban planning
hygiene. Some hygienic recommendations on
urban planning became a part of the construction
regulations SN 41-58, supplemented in 1967.
After the WWII, hygienists took active
part in teams dealing with master plan creation
when cities were being developed and recon-
structed in the country. Data on various compo-
nents of an urban environment as well as use of

sanitary rules and standards gave grounds for
developing science-based requirements to resi-
dential areas layouts and their improvement.
These tasks were tackled by institutes for hy-
giene located in Moscow, Leningrad, Saratov,
Ufa, Sverdlovsk, Novosibirsk and other cities
as well as by experts of hygiene departments at
medical institutes. A new trend appeared in
practical hygiene, so called preventive sanitary
surveillance. It covered a lot of issues starting
from hygienic assessment of land allocation for
construction and up to commissioning.

When making his report on the meeting
devoted to sanitary-hygienic issues of urban
development and construction, K.I. Akulov® *
mentioned a growth in designed building den-
sity, failure to meet standards for insolation of
houses and territories, placing large industrial
objects too close to cities, and deteriorating
sanitary conditions. Also, it was noted that ur-
ban development didn’t conform to valid sani-
tary and construction rules and standards’. An
issue regarding “smart regulation of city
growth” was also very topical at the end of the
60ties last century.

The sanitary service was an influential au-
thority and had a power to veto a project to
build an enterprise within city boundaries as it
was the case in Krasnoyarsk with the project to
build a large lavsan production facility there”.
Unfortunately, other productions were devel-
oped in that city and a dam was built on Yeni-
sei. All this resulted in “black sky” effect, ele-
vated levels of ambient air pollution, and in-
creased population mortality due to respiratory
diseases® [1]. Reports that were made at the
above-mentioned meeting gave examples on

2Ryazanov V.A. Planirovka gorodov v svyazi s problemoi dyma [Urban planning with respect to smoke as a major is-
sue]: thesis for a degree of a Doctor of Medical Sciences. Molotov, 1943 (in Russian).

3 RSFSR Chief Sanitary Inspector, deputy RSFSR Public Healthcare Minister (1965-1990).

* Akulov K.I. Sostoyanie i zadachi sanitarnoi sluzhby po gigiene planirovki naselennykh mest [The existing situation and
tasks to be solved by the sanitary service regarding hygiene of urban planning]. The proceedings of the organizational and me-
thodical meeting on sanitary-hygienic issues of urban development and construction. Moscow, RSFSR Public Healthcare Min-
istry, Erismann’s Moscow Scientific Research Institute for Hygiene, 1970, pp. 3—10 (in Russian).

>Kovshilo V.E., Zaichenko A.IL, Nedogibchenko M.K. Gosudarstvennyi sanitarnyi nadzor za proektirovaniem i stroitel'st-
vom naselennykh mest v SSSR [The state sanitary surveillance over planning and construction of settlements in the USSR].
Gigiena planirovki i blagoustroistvo gorodov [ Urban development hygiene and improvement in cities] : The proceedings of the first
all-Soviet scientific conference. Moscow, the USSR Public Healthcare Ministry, 1974, pp. 11-14 (in Russian).

%0 sostoyanii i okhrane okruzhayushchei sredy v Krasnoyarskom krae v 2017 godu: Gosudarstvennyi doklad [On the
ecological situation and environmental protection in Krasnoyarsk region in 2017: The State Report]. Krasnoyarsk, The
Krasnoyarsk Ministry of Ecology and Regional Use of Natural Resources, 2018. Available at: http://mpr.krskstate.ru/

dat/File/3/doklad%202017..pdf (June 08, 2021) (in Russian).
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how to develop recommendations for northern
territories using uninterrupted ribbon devel-
opment with high ground floors. Results pro-
duced by hygienic expertise of development
and construction projects were taken into ac-
count when a new edition of construction
standards and rules was being prepared in
1967 (SN and P-P-K.2-62). For example, an
item 2.7.D was added; according to this item,
“when functional division of a territory is tak-
ing place, it is necessary to design recreational
zones within a settlement”. There was also a
requirement to provide the least possible build-
ing density in residential areas in regions with
hot climate (the 4™ climatic zone); moderate
building density, for regions with moderate
climate (the 2™ and 3" climatic zones); and
elevated building density, for cold regions. The
document stipulated some other useful provi-
sions, but still, it didn’t contain any hygiene-
based standards for a minimum green area per 1
person though such standards are truly vital for
Moscow and other Russian cities with their
population exceeding 1 million people.

It is quite interesting to note that in 1967
the RSFSR Public Healthcare Ministry was
made responsible for control over implementa-
tion of city master plans by the Order of the
RSFSR Council of Ministers and the authority
performed it ever since. The sanitary-epide-
miological service took active part in develop-
ing these master plans working in close coop-
eration with such project institutes as the Cen-
tral Scientific and Research Institute for Town
Planning, the Ukraine State Institute for Town
Planning (Giprograd), institutes responsible for
developing master plans of Moscow city and
Moscow region, design and town planning in-
stitutes in regional centers. Accumulated and
generalized experience in town planning hy-
giene’ provided an opportunity to develop a

scheme how to perform a complex hygienic
assessment of residential planning and con-
struction. The assessment involved estimating
the environmental conditions and recreation
zones, social and demographic characteristics
of a given territory, and social surveys among
population about living conditions. The latter
aimed to determine whether daily rest was effi-
cient enough for people and to analyze children
morbidity as well as some other parameters.

We can give a specific example of a hygi-
enic assessment with respect to residential areas
planning and development. There was a study
performed in Omsk that involved using a wind
tunnel and a device reproducing natural light-
ing. The study revealed that insolation in resi-
dential areas wasn’t sufficient and there were
defects in line building due to free space being
too limited. Results produced by aerodynamic
filming were especially indicative since they
proved hyperventilation to be quite possible due
to formation of whirlwinds in small yards not
exceeding 0.5 hectare. Drastic fluctuations in
wind mode were also possible in areas with line
building that wasn’t planned properly. An area
can cool down more significantly in case of line
building (49 % whereas closed-type building
results in only 27-31 %). The study also al-
lowed developing a well-grounded recommen-
dation not to use a building system with a com-
plicated configuration when its open angle was
northward since it could create unfavorable
temperature and humidity conditions in winter
that made for drastic cooling of the body and
deteriorated insolation®. There was also a sug-
gestion to exclude closed building along mo-
torways and to promote more open location of
residential buildings with protective green areas
between them aiming to prevent polluted air
masses from spreading onto residential areas’.
All the aforementioned are examples of hygi-

" Metodicheskie rekomendatsii po gigienicheskomu obosnovaniyu razmeshcheniya i razvitiya proizvoditel'nykh sil na ter-
ritoriyakh novogo osvoeniya i v promyshlenno razvitykh regionakh [Methodical guidelines on hygienic substantiation of locat-
ing and developing production facilities on new territories being developed and in industrially developed regions]. Moscow,
USSR Public Healthcare Ministry, A.N. Sysin’s Institute for Common and Communal Hygiene, 1983, 69 p. (in Russian).

8 Sokhoshko I.A. Gigienicheskaya otsenka planirovki i blagoustroistva zhilykh mikroraionov v klimaticheskikh uslovi-
yakh Omska [Hygienic assessment of residential planning and improvement of residential microdistricts in climatic conditions
in Omsk]: the abstract of the thesis for a Candidate of Medical Sciences degree. Omsk, 1974, 13 p. (in Russian).

Feldman Yu.G. Gigienicheskaya otsenka avtotransporta kak istochnika zagryazneniya atmosfernogo vozdukha
[Hygienic assessment of motor transport as an air pollution source]. Moscow, Meditsina, 1975, 160 p. (in Russian).
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enic recommendations on creating the most
comfortable living conditions for population.
Unfortunately, at present these recommenda-
tions are not always followed.

Almost 20 years after the Omsk project an-
other study was accomplished in Nizhniy Nov-
gorod with its focus on assessing the city master
plan and several projects on detailed planning
and construction, building density, and some
other parameters. Many-stories building in the
city was accompanied with higher building den-
sity, smaller green areas, improper insolation,
and elevated noise levels. Microdistricts were
planned in such a way that it produced negative
effects on incidence among children; incidence
rates were by 1.5-2.0 times higher in blocks
with closed perimeters and high population den-
sity than in semi-open blocks and population
density being by 3—4 times lower'.

The situation in 2021. In 21* century
new economic relations stimulated, on one
hand, a demand for apartments that could be
rented, but on the other hand, a demand for
construction of social housing within renova-
tion programs. All this resulted in further sus-
tainable growth of cities with their population
exceeding 100 thousand people, and megaci-
ties accounted for 33 % in this growth. The
highest growth rates (17-20 %) are typical for
the southern regions in the country (Bataisk,
Krasnodar, or Novorossiysk), in the “oil city”
of Surgut, and some others. There have been
drastic changes in the situation with town
building and reconstruction; developers now
determine architectural layouts in a city, infill

development has grown in volumes, and mi-
crodistricts are developed as unified com-
plexes. The Federal Project “Creating a favor-
able urban environment” which is a part of the
National Project “Housing and urban envi-
ronment” stipulates a goal to improve quality
of the urban environment by 1.5 times by
2030. Efficiency is to be monitored using an
index of urban environment quality. Some
other indicators are also important and should
be monitored to preserve health of urban popu-
lation. They include a share of population liv-
ing in dilapidated housing; a share of popula-
tion with free access to public green spaces; a
share of population provided with qualitative
drinking water from public water systems; a
number of services available in a city that can
make life of immobile people more comfort-
able. However, some important parameters
mentioned in the new sanitary-Epidemiologic
Rules SanPiN 2.1.3684-21'" and parameters of
sustainable development are neglected, for ex-
ample, ambient air quality and insolation level.

An index of urban environment quality'?
includes such a parameter as “a share of pub-
lic green spaces (parks, gardens, etc.) in the
total square of all green spaces in a city”.
This share should be not less than 25 % in a
microdistrict (or a block) with apartment
buildings; but if we take Moscow, we can see
that the requirement is met only in 15 districts
of 111 located within the Moscow Automo-
bile Ring Road, the average share in the city
amounts to 7 % and it is even lower than 5 %
in 37 districts.

"Baranova T.F. Gigienicheskoe obosnovanie planirovki i zastroiki zhilykh kvartalov krupnogo goroda [Hygienic sub-
stantiation of residential planning and construction in a big city]: the abstract of the thesis for a Candidate of Medical Sciences

degree. Nizhniy Novgorod, 1992, 29 p. (in Russian).

""'SanPin 2.1.3684-21. Sanitarno-epidemiologicheskie trebovaniya k soderzhaniyu territorii gorodskikh i sel'skikh

poselenii, k vodnym ob"ektam, pit'evoi vode i pit'evomu vodosnabzheniyu, atmosfernomu vozdukhu, pochvam, zhilym
pomeshcheniyam, ekspluatatsii proizvodstvennykh, obshchestvennykh pomeshchenii, organizatsii i provedeniyu sanitarno-
protivoepidemicheskikh (profilakticheskikh) meropriyatii: utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo
vracha RF ot 28 yanvarya 2021 goda Ne 3 [SanPiN 2.1.3684-21. Sanitary-epidemiological requirements to maintenance of
territories in urban and rural settlements, to water objects, to drinking water and drinking water supply, ambient air, soils,
housing, exploitation of production and public facilities, organization and accomplishments of sanitary and anti-epidemic
(prevention) activities: approved by the Order of the RF Chief Sanitary Inspector on January 28, 2021 No. 3]. KODEKS
Available at: https://docs.cntd.ru/document/573536177 (August 02, 2021) (in Russian).

'20b utverzhdenii Metodiki opredeleniya indeksa kachestva gorodskoi sredy munitsipal'nykh obrazovanii Rossiiskoi
Federatsii: Prikaz Minstroya Rossii ot 31 oktyabrya 2017 g. Ne 1494/pr [On approval of the procedure for determining the index
of the urban environment quality in municipal settlements in the Russian Federation: the Order by the RF Ministry of Construc-
tion issued on October 31, 2017 No. 1494/pr]. The RF Ministry of Construction. Available at: https:/minstroyrf.
gov.ru/upload/iblock/ddc/prikaz-1494pr.pdf (August 02, 2021) (in Russian).
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Another important requirement is that cit-
ies with their population exceeding 100 thou-
sand people should have green spaces with their
total area being 10 km® for public territories and
4 km? for residential areas; the figures are 7 and
6 km® accordingly for average-sized cities with
their population from 50 to 100 thousand.
However, this approach doesn’t conform to up-
to-date recommendations issued by the WHO
on green spaces being available to reach on
foot. Guided by expert evidence, “Environment
and Health” center of the WHO Regional Of-
fice for Europe recommends estimating a resi-
dential area as per certain quantitative parame-
ters describing availability and square of green
spaces. These are the quantitative characteris-
tics of the indicator: a share of people who
leave no farther than 300 meters from a green
space with its area being not less than 0.5 hec-
tare and therefore can reach this space on foot:
a share of people living no farther than 900 me-
ters form a green space with its area being not
less than 5 hectares; and a share of people liv-
ing no farther than 1.5 km from a green space
with its area being not less than 10 hectares.
These data can be acquired from databases on
land-use, satellite photos, OpenStreetMap and
some other sources. Therefore, if we want to
improve quality of the environment in the close
proximity to residential areas, we should in-
clude data on green spaces being available to
reach on foot in detailed town planning pro-
jects. Besides, the WHO Regional office for
Europe recommends using some other indica-
tors of urban population health associated with
green spaces availability in residential areas.
These indicators are mortality rates, mental
health, and prevalence of allergic diseases, tu-
berculosis, and pneumonia. Certainly, these in-
dicators are too general and it is necessary to
establish more precise ones for cities in Russia
allowing for the available medical statistics and
experience in the field. These generalized indi-
cators of urban environment quality established
in Russia seem rather insufficient for estimating
green spaces in residential areas based only on
their availability to reach on foot. Therefore,
any decisions on town planning should include
recommendations developed by the WHO. Be-
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sides availability of green spaces, it is necessary
to have data on their condition and morphology.
That is why it is important to use a new tool
developed by the “Environment and Health”
Center of WHO Regional Office for Europe
which is called GreenUr. The tool is applied to
quantitatively estimate benefits of green spaces
in cities for public health. It is a plagin for
QGIS which is a free and open-source desktop
GIS. GreenUr gives an opportunity to measure
presence and availability of green spaces in cit-
ies, includes algorithms for calculating potential
direct effects produced by green spaces on
physical activity, mental health, and some other
parameters. This program can be used as educa-
tional, communicational and scientific support
by various experts and managers dealing with
urban economy. The review by the WHO on
urban green space interventions and health [2]
dwells on how to develop green spaces in cities
and estimates their effectiveness for preserving
urban population health as per such parameters
as physical activity, mental health, and others.
Living in a city close to a spatial open green
area (especially located near the apartment
blocks) makes for reducing levels of stress,
anxiety, and depression. Size of green spaces,
their availability as well as presence of different
kinds of green spaces and ratios between them
in a residential area are all statistically signifi-
cant predictive parameters of stress occurrence
[3]. Results produced by an epidemiological
study in Denmark are especially interesting
since they provide data on more than 940 thou-
sand people born from 1985 to 2003 and esti-
mation of their mental health depending on how
close to green spaces they lived in their child-
hood. Adults who grew up in places with the
smallest available green spaces faced elevated
risks of mental disorders such as depression,
anxiety, and psychoactive drugs abuse in an
older age. These risks were by 55 % higher than
among people who spent their childhood in ar-
eas with large available green spaces [4].
Another wide-scale study in England es-
tablished that green spaces in cities located near
places where people of pre-retirement age live
reduce mortality due to all causes [5]. In Can-
ada green spaces in cities made for reduction in
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mortality due to respiratory diseases [6], lower
risks of mortality due to cardiovascular diseases
and greater probability of survival after
ischemic stroke [7]. Available green spaces
support growing physical activity, make for re-
duced risks of cardiovascular diseases, type II
diabetes, and obesity. Regular walks in a park
relieve tachycardia and diastolic blood pressure
and can be considered a rehabilitation proce-
dure in case of coronary insufficiency. When
residential blocks are located close to green
spaces, especially forests, it produces a lot of
positive effects including better immune system
functioning [8—10], reduced risks of ischemic
heart disease [11-14], making for weight loss
[15], relieving stress and cognitive fatigue, im-
proving attention and emotional recovery [16],
making a society more united [17] though the
latter can vary depending on an area covered by
a park. Green spaces close to places where
pregnant women live make for greater body
weight of their newborns which is an important
indicator of infant’s health [18]. They make a
significant contribution to solving vital health
issues directly associated with specific features
of any megacity: they reduce level of noise and
improve sleeping.

According to the WHO estimates, losses
caused by anthropogenic noises amount to
1.0-1.6 million of DALY (Disability Adjusted
Life Years) in the EU [19]. Properly designed
green spaces can considerably mitigate negative
effects produced by anthropogenic noises on
people living in megacities. The most effective
way to get protected from motor transport
noises is to take into account landscape peculi-
arities and to design a motorway bearing in
mind how close a residential area is to it and to
plan green “shields” between a motorway and
residential housing. The necessary width of
such shields should be from 1.5 to 10 meters.

Positive impacts exerted by green barriers to a
great extent occur due to psychological effects
since practically all respondents were sure that
a green barrier had positive influence but they
also tended to overestimate its actual potential
of protecting from noise by more than half [20].
Green spaces in a city are not only a nec-
essary recreational resource for health protec-
tion but also a way to protect residential areas
from polluted ambient air and noise created by
motorways. Specific model research per-
formed in 70ties last century showed that trees
and bushes planted in several rows (3 or 4
usually) were quite efficient in isolating resi-
dential and other buildings from polluted am-
bient air coming from traffic areas. When trees
are planted in one row, they provide protection
from gases that amounts to only 3 % in winter
growing to 7-10 % in summer. Trees planted
in two rows together with bushes reduce intro-
duction of polluted air by 30-40 %" . A con-
tribution made by green spaces into reducing
motorway noises was also estimated. Trees
and bushes planted between a traffic area and a
pedestrian area allow a two-fold reduction in
noise levels'®. Earlier these data were actively
used by the Moscow Sanitary Service in its
practical activities and experts highlighted cer-
tain drawbacks when estimating development
projects for some microdistricts, in particular,
green spaces being distributed unevenly, ab-
sence of a compact green area, and others'.
Results produced by another present-day
study that focused on examining five parks in
Moscow (Severnoe Medvedkovo, Lefortovo,
Golyanovo, Maryino and a park in babushkin-
skiy district) showed that the greatest noise
reduction was achieved when there was hori-
zontal canopy density together with bushes
covering spaces below tree crones; elevated
noise levels were detected at a 300-meter dis-

13 Sidorenko V.F., Kirillov G.P., Feldman Yu.G. Issledovanie gazozashchitnoi effektivnosti zelenykh nasazhdenii na av-
tomagistralyakh [A study on efficiency of green spaces in protecting from gases along motorways]. Gigiena i sanitariya, 1974,

no. 10, pp. 6 (in Russian).

14Karagodina L.L., Osipov G.L., Shishkin I.A. Bor'ba s shumom v gorodakh [Fighting against noise in cities]. Moscow,

Meditsina, 1972, 160 p. (in Russian).

15 Zaretskaya G.P., Kushchinskaya L.G., Sinitsyn V.I., Gerashchenko V.V., Faifer F.I. Gigienicheskaya otsenka zastroiki
nekotorykh mikroraionov g. Moskvy [Hygienic assessment of development plans for some microdistricts in Moscow]. Gigiena
planirovki i blagoustroistvo gorodov [ Hygiene of town planning and improvement] : the proceedings of the | All-Soviet scientific
conference. Moscow, USSR Public Healthcare Ministry, 1974, pp. 119-123 (in Russian).
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tance from motorways'®. Results produced by
all these studies stress out the necessity to
make changes into the structure of green
spaces near motorways with intense traffic, to
plant trees and bushes together bearing in
mind their capability to protect from gases.

At present it is more obvious that green
spaces are greatly required near large office
centers as a recreational resource for a lot of
office workers. As it was stated by S. Polon-
skiy, a notorious developer of the Moscow In-
ternational Business Center (Moscow-City),
this office space didn’t meet contemporary
demands for necessary comfort since “there is
no creativity without proper offline”.!” This
statement is further proved by foreign re-
searchers who focus on influence exerted by
green spaces on urban population health in
their works. Apart from effects on health,
green spaces in megacities are making a more
and more substantial contribution to their so-
cioeconomic development and bring them new
competitive advantages on the global “market”
of megacities. Ideas related to sustainable de-
velopment and greater focus on environmental
issues, both with respect to economy and soci-
ety, are becoming more and more popular
among people. Therefore, available green
spaces that are effectively integrated into the
urban environment are becoming a key factor
of a megacity investment potential, its pros-
pects in attracting advanced personnel and
high-tech productions [21].

In a wider context, green spaces act as a
powerful stabilizing factor given the more in-
tensive climatic change and we should re-
member that people living in megacities are
more susceptible to risks associated with it.
Experts of the Organization for Economic Co-
operation and Development (OECD) spot out
three types of the most significant climatic
threats to cities, megacities included. These
threats have direct influence on living condi-

tions and include heat waves, floods, and in-
creased vulnerability of poor urban population
who are the least protected from such phe-
nomena. Heat waves in megacities occur both
due to growing weather instability and peculi-
arities of the urban environment, such as great
amounts of concrete and asphalt and elevated
heat emissions from variable equipment. As a
result, average temperature in cities is by
3.5-4.5 °C degrees higher than in rural areas
and this discrepancy is predicted to grow by
1 °C over each following decade [22].

Given great deficiency of green spaces in
many largest world megacities, all the afore-
mentioned factors lead to occurring “heat is-
lands”, or considerable areas in a megacity (up
to several km?) where heat waves produce the
greatest effects. Therefore, a role played by
parks in a city is becoming more vital since
they can cool off air temperature by 1 °C on
average and it can be felt on a distance up to
1 km around park boundaries; water reservoirs
enhance the effect [23].

Building density and / or population den-
sity is another significant parameter applied in
assessing how comfortable a residential area
is. Average population density in 14 Russian
cities with their population exceeding 1 mil-
lion people amounts to 2.4 thousand people/
square km; it is also close to this value in
24 cities located in the European part of the
country with their population being 260-500
thousand people and amounts to 2.3 thousand
people per square km. This density corre-
sponds to levels detected in European cities,
large capitals excluded. Lower density which
is equal to 2.06 thousand people/square km is
typical only for 11 cities (Nizhnekamsk,
Engels, Stariy Oskol, and some other cities in
the central European part of the country) with
their population varying from 100 to 250 thou-
sand people. We should note that Nizhne-
kamsk was developed according to one of the

' Luk'yanets A.G. Vliyanie razmeshcheniya tipov parkovykh nasazhdenii na komfortnost' sredy v gorodskikh parkakh
[Influence exerted by location of different types of trees and bushes in parks on creating a comfortable environment in them]:
the abstracts of the thesis for a degree of Candidate of Agricultural Sciences. Moscow, 2011, 20 p. (in Russian).

17 “Konvoiry aplodirovali, kogda menya otpuskali na svobodu” [“Escort applauded when I was being released”]: an interview
with S. Polonskiy. Novaya gazeta, 2021, no. 37, pp. 12-13. Available at: https://novayagazeta.ru/articles/2021/04/05/konvoiry-
aplodirovali-kogda-menia-otpuskali-na-svobodu (June 15, 2021) (in Russian).
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most successful master plans created by Gip-
rogor Institute and was granted several awards.
An industrial zone in the city is located several
kilometers away from residential areas with re-
maining forests, parks, and public gardens. The
city has been repeatedly awarded as a winner of
“Comfortable urban environment” contest.

The situation in Moscow is quite the op-
posite. Population density varies from 7 to 21
thousand people/square km in 112 Moscow
districts located within the Moscow Automo-
bile Ring Road with its average value being
11.1 thousand people per square km. It is close
to New York (10.8 thousand people/square
km) and higher than in such large European
cities as London, Berlin, or Madrid. Building
density is high in Moscow and other million
cities, predominantly in their centers with only
small green spaces. This creates “heat islands”
where air temperature is by 2-3 °C higher than
on average in a city, insolation is poorer, am-
bient air pollution, noise and electromagnetic
fields are elevated in some locuses.

Population density in other 56 “condi-
tional” megacities in Russia which are regional
capitals (without 13 capitals of autonomous
republics, regions, and areas with population
density being lower than 1 thousand people /
square km) can be divided into 4 quartiles. The
list also includes 9 cities with population ex-
ceeding 200 thousand people (Table).

High building density creates certain
health risks for urban population. They occur
due to hindered dispersion of pollutants in am-
bient air when residential areas are located too

close to industrial zones and motorways with
intense traffic, smaller green spaces and greater
“closed” territories, and formation of heating
microclimate. Some municipal authorities make
a lot of effort to increase population in their cit-
ies but it is not arithmetical values of human
resources that should measure management ef-
ficiency in the post-industrial era. If we look at
a rating showing life quality in megacities, then
we can see that, according to estimates by
Economist Intelligence Unit, leading places are
occupied by relatively small Canadian (Cal-
gary, Vancouver, and Toronto) and European
cities (Vienna, Hamburg, and Helsinki).

Growing climatic changes, temperature
rise in Russia included, have brought about the
necessity to work out such town planning deci-
sions that could allow achieving optimal micro-
climate in residential blocks located on territo-
ries with the most severe climate in Arctic re-
gions and in the southern regions in the country
where air temperatures are extremely high. This
necessity is dictated by excessive mortality dur-
ing heat and cold temperature waves since their
number will only grow given further global
warming. Therefore, it is vital to build up vari-
able town planning models that provide an op-
portunity to create optimal microclimate in
residential areas [24].

Direct inclusion of hygienic recommenda-
tions into construction standards and rules be-
came a considerable, though temporary, suc-
cess in town planning. Thus, T.E. Bobkova, a
leading expert on the environmental hygiene,
Doctor of Medical Sciences, Professor, took

RF regional capitals and large cities distributed as per population density

A quartile as per average 2 Average population, Average population
! city squalr)e, km? ¢ Average square, km thouiarfd geople density, thogusgng people/km’
™ 276.6 359.9 1.3
2" 2284 4384 1.9
34 185.8 427.1 2.3
4" 129.9 395.8 3.2
Large industrial cities
(Angarsk, Bratsk, Volzhskiy,
Komsomolsk-na-Amure, 314.1 264 1.6
Magnitogorsk, Novokuznetsk,
N. Tagil, Sterlitamak, Cherepovets)

Note: all calculations are based on data provided by Rosstat.
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part in development of Construction standards
and rules 07.01.89. “Town planning. Building
planning and development of urban and rural
settlements”. She acted as a co-author in pre-
paring important sections in this document in-
cluding environmental protection, residential
areas, and standards for calculating and de-
signing parking lots for various objects. This
document establishes standards for building
density in residential areas but they have been
neglected for a long time [25]. Shorter sanitary
gaps between residential areas and children
facilities and parking lots also make the urban
environment less comfortable. This reduction
has become possible since requirements stipu-
lated by Construction rules SP 42.13330.2016
“Town planning. Building planning and devel-
opment of urban and rural settlements. The
updated edition” are no longer valid. And it
should be noted that according to those rules
parking lots were to be located not less than
10-30 meters away from residential buildings.
Unfortunately, there is no such a juridical
concept in Russia as infill development and it is
not regulated by any standards or norms. In the
RF the Town Planning Code, Moscow Town
Planning Code or regional documents in the
sphere do not determine this concept and do not
contain any up-to-date hygienic recommenda-
tions on how to assess population density bear-
ing preservation of people’s health in mind.
Moreover, any issues related to infill develop-
ment are considered in town planning only with
a focus on effective development of a city, al-
though certain social risks caused by such de-
velopment are recognized [26] since it involves
reduction in sanitary gaps between residential
buildings, schools and pre-schools and parking
lots and sometimes there are even demands to
open pre-school playgrounds for public access
[26]. These issues are vital in foreign countries
as well, even in such ecologically-oriented
states as Sweden where massive development
can cause damage to green infrastructure [27].
There are certain limitations imposed on
construction in foreign megacities, for exam-
ple, in a situation when sanitary conditions can
deteriorate. For example, Moscow with its new
sky-scrapers would use experience of New
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York City administration. New York authori-
ties introduced provisions according to which
when a new building was constructed with its
height exceeding heights of neighboring build-
ings by 15 meters, it was necessary to calcu-
late trajectories of its shade for a whole year.
Variable limitations imposed on construction
of such buildings are also valid in Canada,
Great Britain, and some other countries [28].

Infill development in Russian cities has re-
sulted in multiple complaints of people living in
low-rise buildings when high buildings were
constructed in close proximity. People com-
plain of poor insolation and lack of natural light
and courts have been asking for an inspection in
such cases [29]; there are court decisions on
insufficient insolation due to a new multi-storey
building. We can’t fail to mention an opinion
held by S. Kuznetsov, the Chief Architect in
Moscow, who believes that standards on insola-
tion are archaic documents developed at the
time when prevalence of tuberculosis was high
among population and now they only create
difficulties for “qualitative development of city
architecture”.

An insolation issue in Russia cities is
truly vital at the moment. Insolation standards
exist in Germany, Italy, the Netherlands, Swe-
den, France, and some other countries [30];
proper insolation produces bactericide effects
thus improving quality of living spaces as per
their microbiological parameters since it pre-
vents pathogenic microflora from developing.
Ultraviolet insolation is known to produce a
lot of health-improving effects including better
immune and psychophysiological state, better
metabolism, increased hemoglobin, better
wound healing and some others. But apart
from that, some recent research works have
shown that insufficient insolation can be a risk
factor of a stroke [31].

Sanitary standards for insolation were
first established by the USSR Public Health-
care Ministry in 1963 and amounted to 3 hours
a day. They were based on the results pro-
duced by examining bactericide effects of in-
solation, that is, its capacity for providing bac-
teriological wellbeing in living and public
spaces. 40 years later, in 2002 required insola-
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tion period was reduced to 2 hours and we
have every reason to believe that it was pri-
marily done in the interests of developers.
There was no such concept as land value in the
USSR but transition to the market economy
resulted in drastic increase in land value in cit-
ies, especially in their downtowns and places
with developed infrastructure. Construction
businesses and developers are extremely inter-
ested in maximum compact building on city
territories and, obviously, lobby for the revi-
sion of existing regulatory documents includ-
ing standards on insolation. There was another
change in these standards in 2017 when insola-
tion period was reduced further by 0.5 hours.
We can hardly say that this change is favorable
for public health. These new standards permit
to considerably increase height of new build-
ings to be constructed and to reduce a number
of hours during which sunlight can enter
apartments in neighboring houses in areas with
compact building, especially those located on
lower stories. Previously sanitary standards
stipulated a period of insolation for living
spaces from March 22 to September 22. Now
this period is one month shorter in spring and
one month shorter in autumn, that is, we have
lost insolation by low spring and autumn sun.
Now it is allowed in Moscow to build higher
buildings that cast a shade over windows of
neighboring lower ones [32]. If this new stan-
dard is followed, a number of sun hours in liv-
ing spaces will fall down in a situation when a
new building is being constructed in cities lo-
cated in the center of the European part of the
country and this building is by 5-6 stories
higher than neighboring ones. It is especially
true for apartments with their windows facing
north-west and north-east. We can also state
that people living in Moscow will have less
sunlight in their apartments than people living
in Moscow region [33]. Insolation issues can
also occur in rooms with windows facing
south in case they have deep recessed balco-
nies [31]. A study focusing on bactericide ef-
fects produced by insolation revealed its low
effectiveness in living spaces with northward
windows [34]. Experts from RosBuzinessCon-
sulting (RBC) believe that an actual coefficient
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of building density in towns reaches 2.18 in
locuses with high-rise buildings and imposes a
real threat to a comfortable urban environment
[35]. Some foreign standards on insolation
stipulate certain periods of insolation in winter
that amount to 4 hours a day from September
21 to March 21 in Germany and more than 5
hours a day in northern Sweden. Unfortu-
nately, there are no such regulations in Russian
standards in spite of insolation being espe-
cially necessary exactly in this time of the year
[30]. Changes in insolation standards, build-
ings with a greater number of stories, and an
increase in building density in residential areas
can lead to shading of living spaces, fewer hours
during which direct sunlight can reach them, and
greater energy consumption, whereas in Russia
the energy saving strategy has already been im-
plemented for 9 years.

It seems inadequate to estimate positive in-
fluence by solar radiation based only on bacteri-
cide effects in megacities with compact and ex-
tremely compact building without taking into
account its psychophysiological effects on urban
population. We should also bear in mind that
insolation in cities to a great extent depends on
relief peculiarities, especially given growing
building density, since the European part of Rus-
sia is located on territories where vertical wall
structures are typically used in construction [36].
The author suggests estimating influence exerted
by a certain relief on insolation conditions with
an indicator showing a deviation in its maximum
permissible density on this relief from its maxi-
mum density on a plane surface.

The second issue of insufficient insolation
is associated with poor availability of green
spaces in dense town building. There are huge
green areas in Moscow, “Losinyi ostrov” for
example, and they are very important for the
overall ecological situation in the city; still, they
are not enough for improving mobility and
health of people living in Moscow. The WHO
Regional Office for Europe recommends plac-
ing open green spaces not farther from a resi-
dential area than a 20-minute walk on foot.
Even these small spaces can provide people
with certain amount of ultraviolet which is in
great deficiency in a northern country and sup-
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ply them with vitamin D (protohormone D, to
be more exact). Over the last years a much bet-
ter insight into significance of this substance for
health has been achieved and it is obvious that
this vitamin helps prevent various chronic non-
communicable diseases. And here we mean not
only metabolic disorders where its contribution
has long been examined profoundly but also
oncologic, cardiovascular, and other diseases.
However, as opposed to any other vitamin, vi-
tamin D is not a vitamin in a classical meaning
of this term due to not being biologically active
whereas other vitamins are. In the body, vita-
min D transforms into a biologically active
hormonal form through a 2-stage metaboliza-
tion using genomic and non-genomic mecha-
nisms. It produces variable biological effects
due to interactions with specific receptors local-
ized in cell nuclei in many tissues and organs as
well as on plasmatic cellular membranes. In
this respect an active metabolite of vitamin D
acts as a true steroid hormone; that’s why this
vitamin is called “D-hormone” [37]. Low D-
hormone concentration creates elevated risks of
ischemic heart disease, type II diabetes melli-
tus, and some other diseases. Vitamin D defi-
ciency is typical in people who live on territo-
ries located to the north from 350, that is, practi-
cally on the whole territory of Russia. Vitamin
D deficiency leads to osteoporosis and osteopa-
thy. This has been proved by studies on its con-
tents in blood of people living in the north-
western region where vitamin D deficiency is
detected in 50 % of pregnant women and this
condition results in statistically significant
growth in anxiety and depression (r = —0.11,
p =0.03) [38]. When this hormone deficiency is
detected in men, it is a risk factor of chronic
prostatitis, prostate hyperplasia and other an-
drologic disorders [39]. Another issue is D-hor-
mone deficiency detected in 13 % of European
children. This results in improper bone miner-
alization, developing rachitis, bronchial asthma,
diabetes mellitus, and many other diseases [40].

Conclusion. So far creating a comfortable
urban environment hasn’t become the main
objective of urbanists, architects, and other
experts on town planning in Russia. The rules
are dictated by developers, especially in down-
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towns; there is infill development involving
high-rise buildings shading neighboring lower
ones; less strict limitations are now imposed
regarding insolation; a number of state stan-
dards and other regulatory documents in the
sphere of construction has gone down by 1/3.
Russian regulatory documents on town plan-
ning don’t incorporate recommendations de-
veloped by the WHO on open green spaces
that should be available to reach on foot.
Population density is growing persistently in
large cities. Russian indicators in ratings for
sustainable urban development [41] don’t in-
clude a very significant one, namely, average
annual concentrations of fine particulate mat-
ter in ambient air. This indicator is included in
the Sustainable Development Goal No. 11
“Make cities and human settlements inclusive,
safe, resilient, and sustainable”. Instead of this
indicator that gives the most precise idea of
ambient air quality in a city, our regulations
rely on archaic ones developed as far back as
in 70ties last century. An example can be
“specific emissions of pollutants from station-
ary sources and motor transport per 1 square
km”. To assess health risks caused by motor
transport, we should apply calculated concen-
trations of pollutants caused by traffic flows
instead of this indicator that can hardly be con-
sidered informative. Starting from 2019, the
ecological situation in cities has been assessed
by the Analytical Credit Rating Agency
(ACRA) that has developed a new complex
indicator showing environmental conditions in
a given region. This indicator incorporates
emissions of hazardous chemicals, discharges
of polluted sewage, industrial wastes, commu-
nal wastes, etc., calculated per a unit of gross
regional products (GDP) as well as environ-
mental expenses per a unit of budget expendi-
ture. Still, these indicators do not give a clear
picture of urban environment quality. Foreign
estimates indicate that urban environment
quality is rather poor in Russian cities. As per
estimates given by The Economist, only Mos-
cow was included into the rating of cities with
the comfortable urban environment occupying
the 68" place (New York holds the 58" place;
London, 48“‘; Berlin, 21%; and Vienna is the
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leader). Experts from IESE business school
have made up a rating that includes 174 cities
all over the world and estimates their stability.
Moscow is on the 87" place in this rating;
Saint Petersburg, 124"; and Novosibirsk, 159"
place. The leaders with the most comfortable
urban environment are London, New York,
Paris, Tokyo, and Reykjavik [42].

If we turn to such fashionable concepts as
“smart city” or “healthy city”, we can see that
most publications about them don’t contain any
hygienic assessment and this fact makes their
image “not so ideal”. A good example is Volgo-
grad as a “smart city” [43]. Architects consider
any issues with respect to public health only
bearing in mind medical aid provision and build-
ing new medical centers; the only things impor-
tant about green spaces are their volume and a
number of planted trees. There is a postulate that
“a density of a city is directly proportionate to its
development rate and inversely proportionate to
comfortable living conditions which influence its
appeal” [44]. But Russian cities haven’t yet
reached enormous scales of Asian megacities
and we still have a possibility to make our urban
environment truly comfortable. There is certain
progress even in cities with the highest ambient
air pollution and population mortality and new
activities are being developed aiming to reduce
health risks due to decreasing emissions of prior-
ity pollutants [45].

This paper was accomplished in summer
2021 when experts from a lot of spheres in-
cluding epidemiologists, geographers, econo-
mists, physicians and others were trying to de-
termine risk factors in the urban environment

that could make for COVID-19 spread. There
was a review of foreign research works focus-
ing on relationships between ambient air pollu-
tion and COVID-19 mortality among popula-
tion [46]. Relationships between the disease
and another indicator of urban environment
quality, namely population density, are not so
obvious [47]. But it is important to note that
these research works also gave some attention
to such risk factors as a degree of urbanization,
socioeconomic status, public transport avail-
ability, ambient air quality, strictness of quar-
antine measures, etc. Two basic processes oc-
cur in cities during an epidemic due to various
factors. One of them results in an improving
epidemiological situation due to better access
to high-quality medical aid; the other makes
this situation worse due to higher population
density and more frequent trips on public
transport. As new data on COVID-19 inci-
dence and mortality among urban population
are being accumulated, relationships with
other risk factors in the urban environment
will be studied more profoundly. This will al-
low developing new prevention activities
aimed at protecting health of urban population.
Hopefully, this will also help estimate infill
compact development in Russian downtowns
differently and better understand the signifi-
cance of ambient air quality and open green
spaces in cities.
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ON HARMONIZATION OF HEALTH RISK INDICATORS CAUSED BY IONIZING
RADIATION EXPOSURE AND OTHER HARMFUL FACTORS BASED ON DALY
ESTIMATES
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Radiation detriment is a basic measure which is currently applied to assess health risks caused by exposure to ionizing
radiation. This concept was developed by the International Commission on Radiological Protection (ICRP) more than 30
years ago; it has both certain advantages and drawbacks that limit the scope of its possible application. A certain drawback
is that this value is used exclusively to assess effects produced on health by radiation thus making it ineligible for correct
comparative analysis of different risks. This review focuses on contemporary scientific papers devoted to various approaches
to calculating radiation detriment. There is also an attempt to analyze whether it is possible to apply the WHO methodol ogy
for assessing burden of disease as a basis for calculating universal risk rates taking into account effects produced by expo-
sure to harmful environmental factors on population health. A possibility to use DALY (disability-adjusted life years) esti-
mate is considered as one of possible approaches to harmonizing health risk assessment methodologies. DALY is among
estimates that are frequently used to assess population health when solving various tasks in public healthcare. The review
dwells on discussing whether it is advisable and feasible to gradually change a methodology for calculating radiation detri-
ment in order to use the effective dose as a measure of health risk more correctly.

Key words: radiation risk, radiation detriment, DALY, public health, health risk, global burden of disease, disease se-
verity, mortality, morbidity.

There are three applied directions of the
scientific research in health risk analysis and
they all are tightly connected. The 1% one is
population health analysis (including devel-
opment of summary population health meas-
ures); the 2™ one is developing and calculating
health risks associated with exposure to vari-
ous harmful environmental factors; and the 31
one is comparative analysis of various risks.
Historically it has turned out in health risk as-
sessment that ionizing radiation has been stud-
ied a bit apart from other various environ-
mental factors producing negative effects on
human health. Given that, issues related to
harmonizing approaches to assessment of ra-

diation risks and other health risks arise quite
frequently and discussed independently [1, 2].
In addition, recently it has often been noted
that it is necessary to revise the assessment
methodology and measures of radiation health
risks that are currently applied [3—6]. When
tackling multiple issues related to public
healthcare organization and population health
assessment, the expert society more and more
often suggest a gradual transition from mortal-
ity-based health measures to more informative
summary health measures based on calculating
how many years of healthy life have been lost
due to disease, disability or injury, that is,
number of lost healthy life years without any
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limitations on activity, functionality, and
working capacities [7, 8].

This paper is a short review focusing on
the latest scientific works on the aforemen-
tioned applied research directions; there is
also an attempt to analyze probable ways to
improve the existing methodology for radia-
tion risk assessment and to harmonize radia-
tion health risks with health risks caused by
other harmful factors.

Radiation detriment as a health risk. The
“detriment” concept' was first introduced in ra-
diation protection in 1977 by the International
Commission on Radiological Protection (ICRP)
in its Publication 26 “to identify, and where pos-
sible, to quantify, all these deleterious effects”
[9]. In general, this concept was determined in a
“population” as “the mathematical expectation
of the harm incurred from an exposure to radia-
tion taking into account not only the probability
of each type of deleterious effect but also the
severity of the effect”. “Detriment” included not
only negative effects on health but also “other
effects” that were not directly related to health.
For example, it could be a necessity to limit con-
sumption of specific products or use of some
territories. The same document introduced a
concept of “detriment to health” to estimate
negative influence on human health.

At that time, data on negative health
outcomes of exposure to ionizing radiation
were primarily provided by observing the
cohort of people who had been exposed to
radiation due to atomic bombing of Hi-
roshima and Nagasaki in August 1945 (Life
Span Study (LSS cohort)). At present, it is
well-known that elevated probability of on-
cologic diseases in exposed people is among
the most significant long-term radiological ef-
fects produced by radiation on health. A growth
in this probability depends, among other fac-
tors, on a radiation dose and these outcomes

can be delayed for years and even decades.
In this relation as a period of observation
over the LLS cohort grew longer, the charac-
ter of the aforementioned dependence was
constantly adjusted [11, 12].

It is important to note that the term “ex-
posure dose” is rather specific when applied
to radiation. “Dose™ is not measurable but
rather calculated value and there is a compli-
cated association between this value and a
radiation situation in case of external expo-
sure and introduction of radionuclides into the
body in case of internal one. “Exposure dose”
is used as a universal integral measure since
there are multiple types of ionizing radiation
(“alpha”, “beta”, “gamma”, “neutron”). This
concept allows brining all forms and types of
radiation exposure to just one value, “an ef-
fective dose” which can be used to determine
risks of long-term negative effects produced
by exposure on health.

By 1990 when the ICRP Publication
60 was issued [13], the accumulated scientific
knowledge made for formulating basic con-
cepts applied in estimating health outcomes
of exposure. Four types of such outcomes
were spotted out and described: “change,
damage, harm, and detriment” (more details
here [14, 15]).

As a result, the ICRP developed a multi-
dimensional measure of detriment to health
and recommended it to be used for solving cer-
tain tasks related to radiological protection.
This measure is a sum of lethal radiation-
induced cancer cases F and a number of non-
lethal cancers weighted as per lethality fraction k
for specific malignant neoplasms (MNs) [14].
For a specific nosology of a MN, detriment
can be given as:

D=F+k-(1—k)'E= F(2-K), (1)

! The Russian translation of the ICRP Publication 26 [9] gives both terms, “detriment” and “harm”, in the same item in
the text; however, the glossary made up for this Publication and the later translated ICRP Publication 60 [10] fix the distinction

between them in Russian terminology.

21n this review, unless stated otherwise, “exposure dose” is used in the widest sense as a certain quantitative characteristics
of various types of ionizing radiation. The more detailed information on various dose units can be found, for example, in this
document: https://www-pub.iaea.org/MTCD/publications/PDF/IAEASafetyGlossary2007/Glossary/SafetyGlossary 2007r.pdf) and
SanPiN 2.6.2523-09 “The radiation safety standards (RSS-031 99/2009)” (https://docs.cntd.ru/document/902170553) (in Russian).
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where D is radiation detriment to health; F is a
number of lethal radiation-induced cancers;

k is lethality fraction for a MN; E is the over-

all number of radiation-induced MNs; (1-k)

is a fraction of non-lethal MNs; (1— k)% is

the overall number of non-lethal MNs.

In the course of observation over the LLS
cohort, it became obvious that assessments of
radiation health risks based on data regarding
detected oncologic incidence in this group
were more precise than assessments based on
registration of lethal cases due to cancer.
Given that, without any changes in the overall
concept of detriment estimation, the formula
used to calculate radiation detriment was
slightly changed in the ICRP Publication 103°:

R, =R-q+R:(1-0)-(0,,, +(1-0,,)-9), (2)

where R, is a detriment-adjusted risk of a
radiation-induced cancer4; R s a risk of radia-
tion-induced cancer; q is lethality fraction for
a MN; R-q is a risk of a lethal cancer;

R-(1-q) is a risk of non-lethal cancers;
(qmin +(1_qmm)‘Q) is a weight attributed to

non-lethal cancers when calculating detri-
ment; ¢ . 1s a minimum weight for non-

lethal cancers.

The weight attributed to non-lethal MNs
in this formula deserves special attention and
is among central elements in the methodology
for assessing radiation detriment to health
which is currently applied by the ICRP.

The items (A 144)—(A 145) in the ICRP
Publication 103 give a clear picture of the
ICRP position regarding this weighting factor
and a change in it in comparison with that ap-
plied in the ICRP Publication 60 [16]:

“(A 144) Quality of life detriment. Cancer
survivors generally experience adverse effects

on their quality of life. ... cancers should be
weighted not only by lethality but also for
pain, suffering, and any adverse effects of can-
cer treatment. To achieve this, a factor termed
Omin, 1S applied ... the minimum weight for
non-lethal cancer.

(A 145) The value of qmin was set equal to
0.1 (in most instances the result is not highly
sensitive to the value chosen). ...However, the
Omin adjustment was not used for skin cancer
because radiogenic skin cancer is almost ex-
clusively of the basal cell type which is usually
associated with very little pain...”.

Although the ICRP was quite clear about
the necessity to take into account deteriorated
life quality, pain, and suffering associated
with radiation-induced cancer, we can see
from the structure of the weighting coefficient
for non-lethal cancer that the current method-
ology for assessing radiation detriment ne-
glects these factors completely. The reason is
that when the ICRP recommendations were
issued in 1990 there was no universal and
commonly accepted methodology for assess-
ing severity of diseases which could be con-
sidered eligible for use within the risk as-
sessment methodology. In 2007 the ICRP
Publication 103 were issued but still any revi-
sion of the implemented methodology didn’t
seem imminent at that moment. Besides, the
ICRP didn’t see development of a unified
methodology for radiation risk assessment as
a task to be solved. The existing methodology
for detriment assessment was mostly used to
develop and substantiate standardized dose
values as well as to allow for differences in
radiation sensitivity of specific organs, tis-
sues, and systems in the body.

Radiation detriment as a measure was
created to solve various tasks related to radio-
logical protection (in particular, to calculate
weighting factors for organs, tissues, and sys-
tems in the body taking their radiation sensi-
tivity into account, that is, factors used to cal-

3 As opposed to a detriment value described in the ICRP Publication 60, the authors of the Publication 103 determined the
measure given below not in absolute numbers but in probabilistic values, that is in terms of risk. However, it is not important
for the goals stated in this review since the transition from one values to others doesn’t seem at all complicated.

*The term “detriment-adjusted risk” is used in the ICRP Publication 103 for this value; however, at present the authors of
the methodology have abandoned it and apply the term “radiation detriment” [4].
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culate a so called “effective dose”). In ICRP
experts’ opinion, this measure would be ap-
plied in a rather limited area. However, a
value of an effective dose calculated as per
this methodology turned out to be so eligible
that it could spread far beyond its original ap-
plication area outlined by its developers.
Therefore, the ICRP managed to develop a
quite successful quantitative health risk indi-
cator and dose values that were established
based on it became widely used in radiologi-
cal protection. However, this indicator turned
out to be ineligible for comparative assess-
ment of different risks as it will be illustrated
in detail later.

It is important to note that authoritative
foreign and international scientific organiza-
tions developed mathematical models that pro-
vided an opportunity to calculate various meas-
ures of mortality and morbidity due to radia-
tion-induced cancer [17, 18] depending on
several factors such as sex and age of exposed
people, exposure dose, etc. However, these
rates are hardly eligible for solving tasks related
to comparative risk analysis. It is to a great ex-
tent due to medical radiological outcomes of
exposure being delayed and it means that the
radiation factor can actually be compared only
with those factors which produce comparably
delayed effects. And there is still no solution to
the task how to comparatively analyze diseases
which have different severity and are caused by
exposure to different risk factors. All these
aforementioned reasons call for developing
such risk measures that are eligible for com-
parative analysis and take into account severity
of diseases and different distribution of risk re-
alization over time.

Summary measure of population health
and assessment of disease severity. Summary
measures of population health give a clear pic-
ture of complex epidemiological data; they can
be used to create effective development strate-

gies for public healthcare systems with respect
to prevention of the most socially significant
diseases [19]. These measures are primarily
applied to:

—assess population health “in different
social groups in dynamics”;

—provide the best possible insight into
what diseases, injuries and risk factors make
the greatest contribution to deteriorating
health of a specific population including iden-
tification of the most significant health issues
and their dynamic, that is, whether they get
better or worse over time (this is probably the
most widely spread application of summary
health measures);

—assess whether there are sufficient
amounts of precise and qualitative data on
population health [19].

Summary measures of population health
have been developed for more than 50 years’
[20]. Over many years population health has
been assessed using only mortality-based indi-
cators. In other words, population health was
determined by how and why people died or
reasons for mortality and its rates [19, 21].

Life expectancy, mortality due to all rea-
sons, infant (children) mortality and mortality
due a specific disease were compared between
regions, countries, and on the international
level [22].

Currently, a methodology applied to cal-
culate most summary measures of population
health® is based on analyzing age-sex-specific
mortality rates due to various reasons and epi-
demiology of nonfatal diseases. For example,
the profile of the “Public healthcare” national
project contains certain targets fixed for the
period 2019-2024 and some of them directly
concern population health assessment (the first
4 targets) but all these targets are mortality-
based ones [23]. Targets stated by the RF Pub-
lic Healthcare Ministry within the National
Security Strategy of the Russian Federation

5 Hereinafter Summary Measures of Population Health (SMPH) mean such integral values characterizing expected health

as health index or unified mortality and morbidity index.

® An important reservation here is most postulates stated in this section concern exclusively summary measures of popula-
tion health and not analysis of medical and demographic data as a whole. A great number of variable partial indicators can be
used in the latter case to give a picture of specific aspects in population health.
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have some additions such as “life expectancy
at birth” and “average life expectancy of pa-
tients with a chronic pathology after it has
been diagnosed”’. Meanwhile, such measures
as well as any measures based on data on mor-
bidity, birth rate or disability among popula-
tion, do not provide us with comprehensive but
still effectively brief information which is eli-
gible for assessing population health as a
whole or for analyzing whether public health-
care systems are being developed efficiently
enough®. In particular, some important aspects
are neglected including severity of chronic
diseases, long-term or permanent disability,
and injuries [21].

Obviously, it is quite convenient to use
mortality-based measures when solving multi-
ple tasks related to health risk analysis [24,
25]. Primarily, a death case due to exposure to
a harmful factor is clear enough as a measure
of risk. Incidence is no less clear measure of
risk though it is not so informative with rela-
tion to population detriment [26]. Since these
measures are truly clear and simple to be esti-
mated, they have become widely used in popu-
lation health assessment [27]. Thus, for exam-
ple, the state report issued by Rospotrebnadzor
and entitled “On sanitary-epidemiological wel-
fare of the population in the Russian Federa-
tion in 2020”° mentions several groups of pri-
mary population health measures. They can be
influenced by various sanitary-hygienic fac-
tors; when it comes down to physical and/or
chemical risk factors, the report covers the fol-
lowing measures:

1) Overall morbidity among population;

2) Overall mortality among population;

3) Sex-specific incidence with temporary
disability;

4) Injuries and poisonings;

5) Congenital malformations in children;

6) Infant mortality, birth rate, natural
population decrease;

7) Prevalence of:

— respiratory diseases;

— digestive diseases;

— circulatory diseases;

— malignant neoplasms;

— congenital malformations in children.

Such population health measures based on
mortality and morbidity are simple, graphic
and widely used; their use resulted in health
risks rates due to exposure to harmful envi-
ronmental factors also being frequently deter-
mined based on mortality and morbidity.

Meanwhile, these measures have at least
two serious drawbacks which are significant
for describing health risks [28] ':

1) when assessing health risks caused by
weak exposure to an environmental factor or
exposure to a factor that has not been studied
profoundly'’, the assessment results given as
“expected number of death cases” or “ex-
pected number of diseases” can create a false
idea of actual outcomes of such an exposure
and they often do just that;

2) these measures produce rather scarce
data on detriment to population health when
effects are long-term and delayed over time
since they don’t provide an opportunity to di-
rectly estimate both economic outcomes of
adverse exposure on the state level (for exam-
ple, those related to temporary or permanent
disability) and average individual risks (for

70 Strategii natsional'noi bezopasnosti Rossiiskoi Federatsii: Ukaz Prezidenta Rossiiskoi Federatsii ot 02.07.2021 Ne 400
[On the National Security Strategy of the Russian Federation: The Order by the RF President issued on July 02, 2021 No. 400].
KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW_ 389271/ (December 14, 2021) (in Russian).

¥ To be fair, we should note that targeting should be considered exclusively with respect to its relation to formulating spe-
cific goals achievement of which should be analyzed using these established targets.

?0 sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2020 godu: Gosu-

darstvennyi doklad [On sanitary-epidemiological welfare of the population in the Russian Federation in 2020: The State Report].
Moscow, The Federal Service For Surveillance over Consumer Rights Protection and Human Wellbeing, 2021, 256 p. (in Russian).

19R 2.1.10.1920-04. Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeystvii khimicheskikh veshchestv,
zagryaznyayushchikh okruzhayushchuyu sredu [Guide R 2.1.10.1920-04. Human Health Risk Assessment from Environmental
Chemicals]. Moscow, The Federal Center of the State Sanitary and Epidemiological Surveillance of the RF Public Healthcare
Ministry, 2004, 143 p. (in Russian).

"It concerns exposure to small radiation doses, low concentrations of chemicals and other adverse exposures they create
a lot of uncertainties in risk assessment.
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example, when average life expectancy de-
creases in a given risk group) [29].

Indeed, occupational injuries tend to have
almost instant outcomes (death, temporary or
permanent disability) whereas occupational
exposures (that is, when workers employed at
radiation-hazardous objects face exposures
which are fractioned over time) can have out-
comes that become obvious after many years.
Besides, occupational injuries are personalized
whereas risks related to exposure to harmful
factors are often estimated as probabilistic for
one person or as a frequency for a group of
people (attributable risks).

Health as a concept, apart from meaning
“absence of a disease”, also means there are
no disorders or functional limitations due to
previous diseases and injuries. The WHO
determines health as “a state of complete
physical, mental, and social well-being and
not merely the absence of disease or infir-
mity”'? [30]. Summary health measures have
been developed to take this factor into ac-
count in population health analysis together
with developing systems for collecting
medical and demographic data. The meas-
ures were being developed the most actively
in 90ties last century. It was exactly at that
time when age-sex-specific mortality and
morbidity rates grouped as per their causes
were added with new developing measures
that were more informative and allowed for
functional limitations and decreased working
abilities as well as factors that reduced
“quality of life” due to disease or disabil-
ity'®. This activity was to a great extent due
to the WHO creating and developing a new
project entitled “Global Burden of Disease”
(hereinafter GBD) [31].

One of its targets was to quantify popula-
tion burden due to premature deaths and dis-
ability for the most common diseases and
groups of diseases as well as to quantify years
of life lost due to the aforementioned reasons
and years of life with complete or partial dis-

ability weighted as per a degree of their se-
verity [31].

According to GBD terminology and ICF
classification (International Classification of
Functioning, Disability and Health) by the
World Health Organization (WHO) [32]), the
term “disability” is widely used in analyzing
disease severity (Burden of Diseases) to de-
termine deviations from good or ideal health.
These deviations include limitations in the fol-
lowing spheres: mobility, self-care, participa-
tion in usual activities, pain and discomfort,
anxiety and depression, and cognitive impair-
ment [33].

Such an approach to health assessment su-
ing a standard description of health was, for
example, applied in the WHO GBD 2000 pro-
ject [34].

A list of summary health measures devel-
oped by various organizations is quite wide
and can be conditionally divided into two main
groups:

1) Health Expectancies;

2) Health Gaps.

The first group includes the following
measures [35]:

1) HALE or Health-Adjusted Life Ex-
pectancy;

2) DFLE or Disability Free Life Expec-
tancy;

3) DALE or Disability-Adjusted Life Ex-
pectancy;

4) ALE or Active Life Expectancy; etc.

The second group includes such mea-
sures as:

1) DALY or Disability-Adjusted Life
Years;

2) QALY or Quality-Adjusted Life Years.

When measures from the first group are
calculated, the process, as a rule, involves tak-
ing into account not only mortality but also
disability induced by various reasons. Differ-
ences in calculations of these measures occur
due to use of various weights and approaches
to allowing for significance of diseases and

12 Constitution of the WHO. Available at: https://www.who.int/governance/eb/who_constitution_en.pdf (December

15, 2021).

13 Taking into account poorer quality of life due to disease or acquired disability usually involves using specific values
with the common name HRQL (Health-Related Quality of Life) [19].
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other reasons for health deterioration [36, 37].
Besides, some measures, such as DFLE, for
example, don’t allow for any differences in
severity of health disorders since they all have
the same zero weight when the measure is cal-
culated. That is, DFLE takes into account only
“perfect health”. And if calculating a measure
involves taking into account various severity
of “not perfect health”, different weights are
recommended to be used for the several “cate-
gories of health disorders”.

The second group that includes so called
HALY measures'® describes influences ex-
erted by reasons that cause health deterioration
on a reduction in healthy life, that is, changes
in population health due to a specific health
disorder in comparison with a situation when
this disorder is absent.

To calculate HALY measures associated
with a specific disease, we should complete
three basic tasks:

1. To describe a health state associated
with this disease;

2. To develop a numeric measure or a
weight for this health state;

3. To combine numeric measures of each
health state with estimated life expectancies [19].

If we consider using summary measures
of health as a probable measure of risk associ-
ated with impacts exerted on health by various
environmental factors, then, obviously, meas-
ures from the second group are more eligible
for the purpose since they can reflect exactly
changes in health. In other words, they allow
quantifying a difference between health of a
given population group without any exposure
to a harmful factor and health influenced by
this exposure, that is, spotting out a component
associated directly with this exposure to this
harmful factor.

At present it is QALY and DALY that are
the most widely used measures combining life
expectancy estimates and health estimates. But
still there are certain differences in how
DALY and QALY are used in practice [35].

QALY measures were developed in early
1970ties as “a health index” that combined life
expectancy and quality. First, they were applied
in tuberculosis screening. At present QALY are
primarily used to make economic estimates by
multiple regulating authorities that consider
cost-effectiveness analysis to be an integral part
of decision-making. QALY measures make it
possible to compare interventions into health
that can make life longer but have severe side
effects (for example, permanent disability due
to radiotherapy or chemotherapy in cancer
treatment) with interventions that raise quality
of life without making it longer (for example,
palliative aid or pain relief) [19].

DALY is a summary measure of popula-
tion health that combines mortality and nonfa-
tal health outcomes. Initially this measure was
developed to quantify severity of diseases
within the GBD project aiming to measure a
relative loss of healthy life associated with dif-
ferent reasons for disease or disability [30].
Procedures for calculating DALY are based on
the assumption that time is the most eligible
indicator of disease severity and it includes a
period of time with disability and a period of
time lost due to dying early [19].

The basic principle in calculating DALY
is that each disease or any other reason for re-
duced working abilities is weighted taking its
severity into account (starting from 0 which
means “good health” and up to 1 which means
death). On the population level, this weight is
multiplied by exposure duration as well as by a
number of people exposed to a specific disease
or any other reason for losing their full work-
ing abilities. Therefore, DALY is calculated as
a sum of years lost due to dying early and lost
years of healthy life resulted from not being
completely healthy due to harmful exposure.
“A major advantage this measure has is an op-
portunity to summarize outcomes caused by
various exposures (for example, environmental
ones) as well as to combine quantitative and

qualitative characteristics of life” .

4 Health-Adjusted Life Years is the common term to describe a group of measures including DALY, QALY etc.
15 Bychkova S.G. Sotsial'naya statistika: uchebnik dlya akademicheskogo bakalavriata [Social statistics: the manual for
academic bachelor students]. Moscow, 1zd-vo Yurait, 2019, 864 p. (in Russian).
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QALY and DALY measures can be and
are actually applied when estimating returns
on investments into public healthcare, though
only QALY was initially designed for this
purpose [35]. The most significant difference
between DALY and QALY measures is that
QALY is more eligible for assessing medical
intervention with the focus on consequences
this intervention might have on quality of life
whereas DALY measure allows quantifying
negative effects produced by a disease itself on
average individual or population levels bearing
in mind “disease severity” or population bur-
den (“disease burden”'®). Therefore, it is
DALY measure which is much better as a ba-
sis for calculating losses associated with expo-
sures to variable harmful factors.

Most generally, formula applied to calcu-
late DALY can be given as follows:

DALY =YLL + YLD, 3)
where YLL is years of life lost due to prema-
ture death, that is, a number of years a person
failed to live up to an average life expectancy
due to dying early caused by a disease; YLD
is a number of years lived with disability
caused by disease or any other reason.

In its turn,

YLL=M x LE, 4)
where M is a number of deaths due to condi-
tion; LE is standard life expectancy at age of
death.

YLD is calculated as per the following
formula which includes a weighting factor
showing a decrease in quality of life due to
disease:

YLD =DW x 1 x DD, (5)
where I is a number of nonfatal incident cases;
DD is average duration of disability due to
specific disease until remission (or death); DW

is weighting factor of specific condition that
reflects decreasing quality of life due to this
condition.

The methodology for calculating DALY
has been constantly developed [22, 38]. At
present DALY calculation allows a possibility
to assign different weights to years lived with
health disorders at different age. When ex-
perts use weights for different ages (in some
procedures for calculating DALY), they usu-
ally prefer young adults to infants and elderly
people since this population cohort is consid-
ered to be a “more productive” part of the so-
ciety and makes the greatest contribution into
economic development. However, this ap-
proach is not accepted in some countries.
Weighting age-related factors are probably
the most controversial social parameters ap-
plied in DALY calculations.

Age- and disability-related weights are
not the only social values applied in calculat-
ing DALY measures. The GBD project im-
plementation outlined some other issues (in
addition to those discussed above: standard
number of years lost due to premature death
and disability weights) influencing how and
why DALY are calculated:

1) How long “should” people live?

2)Is a year of life saved today more
valuable for the society than a year of healthy
life preserved in the future, say, 20 years from
now?

3) Should years of healthy life be esti-
mated differently at different age? For exam-
ple, the GBD project gives more value to a
year of a young adult than those of an elderly
person or an infant.

4) Are all people equally important?

5) Do all people of specific age lose the
same number of healthy years due to death
even if their life expectancy is different in dif-
ferent social groups? [39].

However, not all experts agreed with
this approach regarding both differences and

161n the Russian text of the paper, this term, “burden of disease”, is translated word by word here since it is used in this
way in official Russian translations of the WHO publications. Still, it seems a rather poor translation and the authors try to
avoid this exact word-by-word variant in the Russian text replacing it with synonymic word combinations which seem more

appropriate to them.
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weights. When this approach is applied, it
makes DALY measure more an economic
indicator showing productivity of people
who have specific medical condition.

Critics state there are three major ethical
problems related to using QALY and DALY
measures:

— They don’t fully take into account con-
dition of people with poor social status or
poor health. Elderly people and people who
already have certain healthy disorders make
contributions into lower HALY measures
since there is only limited potential for im-
proving their health;

— Similarly, these measures discriminate
people with limited possibility to be treated or
people who are less likely to recover (For ex-
ample, people with already diagnosed healthy
disorders or diseases);

— Both measures don’t take into account
qualitative differences in outcomes (for ex-
ample, saving a life against a simple recov-
ery) due to the applied procedure for summa-
rizing mortality and morbidity rates. Health
measures and disease measures are combined
for all people and for the whole range of
health states, starting from its perfect one and
down to death. It means that differences be-
tween activities aimed at saving a life and
those aimed at improving health are ne-
glected. Aggregating as a specific issue also
raises a question whether we should estimate
insignificant benefits for many people in the
same way as significant benefits for just some
of them [19].

At present new estimation procedures are
being developed which are much better in al-
lowing for social peculiarities and not only can
solve the aforementioned ethical issues but also
provide a clearer idea of population health.

Therefore, assessment of “discase sever-
ity” i1s the most interesting in terms of scien-
tific research. It can be used as a key pa-
rameter for including diseases, injuries, and

disabilities into summary health measures
which do not result in death but reduce func-
tional abilities, make life shorter and its
quality poorer. It is interesting, both theo-
retically and practically, to search for bal-
ance in two directions: 1) balance between
health self-assessment and quality of life due
to disease, injury or disability and objective
health state and functionality, 2) balance be-
tween socioeconomic (different social
groups have different “value” for a state and
its economy'’) and humanistic (all lives mat-
ter equally regardless of sex, age, race, na-
tionality, health or any other social proper-
ties) estimates of “significance” assigned to
different population groups.

Development of measures for assess-
ing radiation detriment. The TG-102 team
presented a report during the 2™ session
“Risks and effects” at the International
online-conference “The Future of Radiologi-
cal Protection” which was organized in Oc-
tober 2021 by the ICRP. The report focused
on developing a methodology for calculating
radiation detriment and specifically outlined
how the existing methodology could be im-
proved in future [40]. There were five major
spheres for this improvement outlined in the
report:

1) update of baseline data and parameters
for detriment calculation;

2) revision of “dose — effect” models and
the procedure for risk assessment transfer be-
tween populations;

3) handling of variation with sex and age
in detriment calculation;

4) increasing transparency and compre-
hensibility of parameters;

5) consideration of non-cancer effect.

The authors outlined three major compo-
nents for the first sphere: 1) use of actual sta-
tistical data on cancer incidence rates and mor-
tality rates; 2) use of data on other populations
other than selected Asian and Euro-American

17 Whether it is ethical to take this factor into account when calculating summary measures of population health is a ques-
tion to be discussed separately [20]. As a rule, authorities in countries with high income per capita believe all lives are equally
valuable whereas authorities in countries where public healthcare budgets are limited have to keep in mind that their possibili-
ties to develop public healthcare are rather limited when determining priority spheres for funding.
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ones; 3) adjustment of weighting factors re-
flecting severity of nonfatal'® diseases.

The second and fifth items in the list to a
greater extent concern summarizing results
produced by epidemiological studies whereas
the remaining items are more applied and
methodological ones. There have been fre-
quent attempts to calculate detriment using
more up-to-date medical and demographic
data on specific populations (Russian, in par-
ticular) [41, 42]; also there have been often
changes in some parameters in detriment cal-
culation, such as lethality fraction for cancers
etc. [5, 6]. Attempts to take into account risk
dependence on sex and age under exposure are
also quite frequent, especially when it comes
down to assessing risks caused by medical ra-
diation [43—-45].

Much less attention has been paid so far
to the most fundamental question, that is, the
value of detriment, its actual meaning and
practical necessity [46]. Meanwhile, as it has
been mentioned above, this value needs revis-
ing and rethinking; this task is vital due to all
the progress which has been achieved recently
in population health assessment together with
obsolescence of data applied to calculate det-
riment, medical-demographic and other data as
well as due to existing practices in using det-
riment and its derivatives.

Thus, for example, Shimada K. and Kai M.
used DALY in their work as a possible measure
for an excess cancer risk following radiation
exposure [46]. Based on the results produced by
their estimates, they concluded that the IRCP
overestimated a contribution made by leukemia
risk and underestimated those made by breast
cancer and thyroid gland cancer. They also
noted that the value of detriment had a draw-
back and it was that it couldn’t be adequately
interpreted or applied. Contrary to opinion ex-
pressed by many experts, detriment is not a risk
for the whole population since it is calculated
for a hypothetic population including people of
different sexes, different ages, and belonging to

different ethnical communities. They also noted
that multi-dimensional detriment used in radia-
tion protection was determined as a radiation
risk measure, in particular, when it comes down
to comparing fatal and nonfatal cancers. They
also pointed out that the existing concept of det-
riment could be used only for comparing effects
produced by different exposure doses.

This change in paradigm of assessing
detriment to health in the applied sphere
should undoubtedly be provided with convict-
ing scientific and practical substantiation.
Structural similarities between radiation det-
riment and DALY measure allow examining
several variants for applying the methodology
for estimating global burden of diseases in
assessing radiation detriment and developing
relevant measures:

1) The simplest approach is to directly re-
place weights assigned to nonfatal cancers in
detriment calculation with respective DW
measures applied in DALY calculation. This
approach would require some changes at the
last stage in calculating weighting factors for
various organs and tissues since detriment val-
ues' for nonfatal cancers of specific organs
and tissues are already calculated bearing in
mind a number of lost years of healthy life
whereas fatal cancers are not weighted allow-
ing for this measure.

2) Radiation detriment values are de facto
used as a predictive risk rate to solve multiple
practical tasks related to providing radiation
safety although the ICRP directly pointed out
that it wasn’t correct to use detriment value in
such a way. Given that, it would seem advis-
able to use actual medical and demographic
data on specific populations when calculating
numbers of radiation-induced cancers and lin-
ear coefficients of radiation detriment for the
most significant age-sex-specific population
groups. This would make risk assessments
based on using them more practically signifi-
cant even in spite of all well-known uncertain-
ties occurring in such assessments.

'8 Nonfatal diseases in this case are diseases caused by exposure to ionizing radiation and resulting in reducing one’s life
and making its quality poorer but not in death. This concept is not about a specific nosology in general but only about a share of
disease cases that occur among exposed people due to exposure but are not the primary reason for their deaths.

% Or detriment-adjusted risk as given in the glossary of the ICRP Publication 103 [14].
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3) Finally, calculating DALY linear co-
efficients per a radiation dose unit and si-
multaneous use of both these measures in
risk assessment could make for gradual im-
plementation of up-to-date radiation detri-
ment measures without violating succession
in traditions and the necessity to retrain a
great number of experts.

Our analysis of data available in literature
assuredly indicates that studies with their focus
on developing the risk assessment methodol-
ogy are vital and also determines the most
promising trends in future research.

Conclusions. Based on analysis of all lit-
erature sources stated in the references to this
article, we can conclude the following:

1. A gradual change in the paradigm of
assessing negative influence on population
health by various environmental factors, that
is, health risk analysis, is an applied aspect in
the development of the health assessment.
Summary health measures based on popula-
tion mortality caused by exposure to harmful
factors are replaced with measures based on
reduction in number of years of healthy life
due to the same exposure; this approach
should be adopted in decision-making proc-
esses in multiple spheres.

2. Implementation of DALY measures
into the health risk assessment methodology
can provide several advantages in comparison
with other existing approaches:

— DALY-based risk assessments allow
more correct comparison of negative effects
produced by exposure to a harmful factor on
population health in case risks realization is
distributed differently over time;

— DALY-based risk assessments make
comparative risk analysis between different
populations simpler since they take into ac-
count population differences much more
exactly than when risks are comparatively

analyzed based on standardization of sex-
age-specific medical and demographic pa-
rameters;

— procedures for estimating disease se-
verity are being constantly developed and
this allows estimating the actual situation
with national public healthcare systems and
providing their most precise picture in health
risk analysis. In particular, it is true for pro-
gress in diagnostics and treatment of specific
diseases;

— population risk assessments based on
lost years of healthy life don’t create a false
perception of actual death cases in a situation
when there is no epidemiological proof of
negative effects produced on numerous popu-
lation groups by exposure to very small doses
of a harmful factor, that is, in a situation when
negative effects are considered to likely occur
only due to extrapolation from higher doses
(exposures).

3. A rapid change in the risk assessment
paradigm hardly seems feasible and is rather
unadvisable. It seems more realistic to gradu-
ally change the system of risk measures by ap-
plying the methodology for assessing disease
severity developed within the GBD project to
quantify health risks associated with exposure
to various environmental factors. Simultane-
ously it is possible to use DALY values per a
unit of a harmful factor as a measure for as-
sessing harmful effects on health.
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At the end of 2019 the mankind had to face a hew coronavirus infection with higher virulence which resulted in its rapid
spread all over the world and in an ultimate pandemic. Initially a new virus which causes COVID-19 was called 2019-nCoV but
it soon acquired its well-known name, SARS-CoV-2. We can positively state that this new coronavirus infection will remain in
the history of world public healthcare as a disease that caused a collapse in rendering medical aid. Undoubtedly, this new coro-
navirus infection has changed customary lifestyle of the overall world population.

This review can be considered problematic in its essence and focuses on examining contemporary trends in the official
epidemiologic situation in the world regarding the new coronavirus infection (SARS-CoV-2). Having analyzed several for-
eign and domestic documents, the authors revealed a necessity to enhance levels and quality of COVID-19 epidemiologic
diagnostics. There is a suggestion being considered at the moment on including additional clinical and diagnostic activities
aimed at preventing further spread of the new coronavirus infection. We should note that data on COVID-19-related mortal -
ity and morbidity are renewed every day and every hour. Given that, it seems rather difficult to keep in line with the latest
trends in COVID-19 prevention and epidemiologic diagnostics. However, the authors made an attempt to possibly collect all
the latest data on epidemiological peculiarities related to the clinical course of the new coronavirus infection. The authors
have a hope that this review will be useful for epidemiologists when they detect new cases of the disease as well as for lec-
turers at medical higher educational establishments when they train students and resident physicians.

Key words: new coronavirus infection, SARS-CoV-2, COVID-19, basic reproductive number, pandemic, severe acute
respiratory syndrome — SARS, children, pregnant women, fecal-oral transmission, prevention.

Multiple research papers have been writ-
ten with their focus on communicable diseases
since the history of mankind has seen a great

features of that period, it is no wonder that the
pandemic predominantly spread through trade
and communication routes as well as due to

number of pandemics. Primarily, we should
mention plague, variola, cholera, and Spanish
influenza; these infections caused the longest
pandemics that occurred repeatedly and
claimed huge numbers of people’s lives. At the
beginning of the 20" century the Spanish in-
fluenza pandemic of 1918 caused as many as
20 million deaths [1, 2]. Given the peculiar

military operations (the First World War,
1914-1918). Access to medical aid was lim-
ited and sanitary conditions were rather poor
thus making for occurrence of factors facilitat-
ing the transmission of the disease [3].

A lot of contemporary authors mention in
the research works that the mankind has to
face a new viral pandemic, the coronavirus
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infection [1, 3—10]. S. Weston with colleagues
(2020) emphasize that till the very end of 2019
there were only six coronaviruses which
could cause a human disease. Four of them
(hCoV-229E, hCoV-HKUI, hCoV-NL63
and hCoV-0OC43) can only produce a mild
cold and don’t cause any special concern of
world public healthcare. However, the remain-
ing two viruses caused more severe diseases
with typically high case fatality rate. Thus, in
2002 a coronavirus was discovered that caused
severe acute respiratory syndrome (SARS-CoV)
[11]. From 2002 to 2004 SARS-CoV coro-
navirus from the Betacorona virus genus (bats
are its natural reservoir) caused an epidemic
for the first time. The disease was called atypi-
cal pneumonia and caused 774 death cases in
37 countries all over the world [11, 12]. Since
2003 there have been no new registered cases
of atypical pneumonia caused by SARS-CoV
[11]. The second epidemic caused by another
coronavirus occurred in 2012 on Arabian Pen-
insula and was called Middle East respiratory
syndrome (MERS-CoV) [11, 12]. SARS-CoV
and MERS-CoV outbreaks started with a patient
who suffered from pneumonia and both out-
breaks resulted from zoonosis [11, 13]. A search
for MERS-CoV reservoir was first concen-
trated on bats since they were considered by
many authors [13, 14] to be a natural reservoir
for a great variety of coronaviruses, including
those similar to SARS-CoV u MERS-CoV.
However, serologic tests and enzyme-linked
immunoassays (hereinafter ELISA) performed
on Arabian camels in Saudi Arabia, Qatar, and
the Canary Islands established that MERS-CoV
was widely spread in those animals [14-16].

At the end of 2019 the mankind had to
face a new coronavirus infection with
greater virulence that made for its rapid
spreads all over the world and resulted in a
pandemic. Initially the new virus was called
2019-nCoV but now its official name is
SARS-CoV-2 and it causes the disease
called COVID-19. Undoubtedly, this new
coronavirus infection has become a signifi-
cant milestone in the history of the 21°*' cen-
tury as it has changed the customary life-
style of the whole mankind.
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This new coronavirus SARS-CoV-2 is a
single-stranded RNA-virus that belongs to
Coronaviridae family, Beta-CoVB line. The
virus is assigned into the pathogenicity group
II, similar to some other viruses from this fam-
ily (SARS-CoV, MERS-CoV). Coronaviruses
are the most striking example of a virus that
was twice able to overcome the interspecies
barrier between wild animals and humans dur-
ing SARS and MERS outbreaks. SARS-CoV-2
is suspected to possibly overcome this barrier
for the third time [17]. SARS-CoV-2 coronavi-
rus is probably a recombinant virus between the
bat coronavirus (RaTG13-2013, identity is 96
%) and another coronavirus of unknown origin.
The genetic sequence of SARS-CoV-2 is simi-
lar to that of SARS-CoV at least by 79 % [17,
18]. To scientists’ opinion, it is vital to examine
an intermediate host since it. According to pro-
vides a better insight into how SARS-CoV-2
became a human virus and how to develop pre-
vention activities in future. It is much safer to
create new vaccines for animal hosts thus pre-
venting any infection from spread among peo-
ple [19].

Sanche S. with colleagues (2020), having
generalized their experience in examining the
coronavirus infection, noted that at the end of
2019 the municipal public healthcare commit-
tee in Wuhan (China) reported 41 cases of
“pneumonia with unknown etiology” to the
World Health Organization. On January 08,
2020 an infectious agent was successfully iden-
tified and shortly after it was established that
the virus could be transmitted between people.
By January 21, 2020 multiple COVID-19 cases
had been registered in most provinces in China.
By March 16, 2020 there were more than
170,000 confirmed cases of the disease and
more than 6500 deaths all over the world. An
outbreak of “pneumonia with unknown etiol-
ogy” turned into the COVID-19 pandemic in
such a short time as 3 months [20].

COVID-19 spread rapidly due to people
travelling all over the world (both within a coun-
try and between different countries) and the pan-
demic scales were reached during 2—3 months.
Therefore, by November 03, 2020 COVID-19
was detected in more than 210 countries (includ-
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ing autonomous areas). The disease was regis-
tered on all continents, Antarctica excluded, a
number of infected people amounted to
47,327,323; deaths, 1,211,882; 33,942,600 peo-
ple fully recovered [21].

The basic reproduction number (Ry) is a
dimensionless parameter that is used in epide-
miology to characterize how contagious a dis-
ease is. It is usually determined as a number
of people who will be infected by a typical pa-
tient who is surrounded by completely non-
immunized population and there are no specific
epidemiologic measures aimed at preventing
this disease from spreading (quarantine, for ex-
ample) [22]. To estimate COVID-19 spread, a
lot of authors apply the basic reproduction
number Rg. When Ry> 1, a number of infected
people is likely to grow, and if Ry < 1, the
transmission is likely to stop [23].

Sanche S. with colleagues [20] point out
that the initial values of the basic reproductive
number varied from 2.2 to 2.7 at early stages
in the COVID-19 outbreak. However, their
further studies involved mathematical model-
ing based on 140 confirmed COVID-19 cases;
the authors established that the infection
spread was very rapid as Ry amounted to 5.7
(95 % CI 3.8-8.9) (July 2020). Thus, the basic
reproduction number Ry depends on the expo-
nential growth of an outbreak as well as on
latent (a period from contagion to becoming
contagious) and infectious periods. The au-
thors concluded that the longer the latent and
infectious periods were the higher was Ry [20].
Ge H. and others gave other data and stated
that Ry varied from 1.4 to 6.49 [24]. We
should note that the basic reproduction number
might be different in different countries and
depend on an applied mathematical model [23]
or prevention activities, such as social distanc-
ing and facial mask wearing.

Akin L. with colleagues [1] performed a
comparative examination of basic reproduction
numbers determined for several pandemics
including Spanish influenza (1918-1919),
1.7-2.8; Asian influenza (1957-1958), 1.8;
Hong Cong influenza (1968—-1969), 1.06-2.06;
swine influenza (2009), 1.4-1.6; COVID-19
(2019), 5.7.
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Therefore, values of the basic reproduc-
tive numbers described by several authors
[1, 20, 23-25] can possibly indicate that
SARS-CoV-2 is highly contagious. The as-
sumption is further confirmed by studies
based on analyzing genome parts in the vi-
rus; it is assumed that SARS-CoV-2 has
much greater affinity with the human recep-
tor ACE2 which is necessary to penetrate a
cell than the SARS virus detected in 2003.
Thus, high contagiousness of SARS-CoV-2
is provided with a solid molecular basis.

There are some very interesting works on
COVID-19 incubation period [26, 27]. Lauer
S.A. with colleagues (2020) examined an in-
cubation period in 99 disease cases. The au-
thors took a period of time from the first con-
tact with an infected person and up to the first
signs of fever. It was done to exclude a sys-
tematic mistake in examining incubation peri-
ods caused by calculating them from a mo-
ment when cough or sore throat were detected
and we should remember that these symptoms
can be caused by other, more widely spread
microorganisms. The research results showed
that average incubation period up to the mo-
ment when the fever set in amounted to 5.7
days (CI, from 4.9 to 6.8 days). 2.5 % people
had the first fever attack during 2.6 days (CI,
from 2.1 to 3.7 days) and 97.5 % during 12.5
days (CI, from 8.2 to 17.7 days) [28]. Ge H.
and others reported the longest incubation pe-
riod that amounted to 24 days [24].

There is an opinion that animals can be a
possible source of SARS-CoV-2 [17]. Never-
theless, a man is the primary infection source
(the disease is anthroponotic) just as in case of
SARS CoV and MERS CoV. The virus is
transmitted by droplets of moisture (during
talking, coughing, or sneezing), by close con-
tacts, or the transmission can be fecal-oral
[24, 29]. Nucleic acids of SARS-CoV-2 are de-
tected in liquid from the bronchial tree, phlegm,
nose and throat swabs, feces, blood, and urine
at different stages in the clinical course of the
disease. Aerosols exhaled from the airways by
an infected person can persist in the air and in-
fect people who don’t keep a proper social dis-
tance in a closed space [30, 31]. SARS CoV-2
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virus is detected in the air during three hours in
experimental models. However, Cheng V.C.C.
with colleagues failed to detect SARS CoV-2 in
8 samples taken at a 10-m distance from the
chin of a patient, both wearing a face mask and
without it [30]. Similar results were produced
by other experts who examined air samples
taken at a 5-m distance from patients: no virus
detected [29].

Fecal-oral transmission is another topical
issue with respect to COVID-19 which hasn’t
been given an exact answer so far. Diarrhea
was among clinical symptoms in a lot of pa-
tients with COVID-19 [29, 31]. The virus can
probably be transmitted in a direct contact
with an infected person as well as with con-
taminated surfaces or household appliances
[32]. SARS CoV-2 has been established to re-
main viable for 72 hours on plastic and
stainless steel; copper, more than 4 hours; and
carton boxes, up to 24 hours. However, experts
do not have an unambiguous answer to the
question whether the virus is able to preserve
its virulence when it persists on various sur-
faces. Another possible transmission route can
be associated with the virus penetrating the
oral cavity, nose, and eyes form dirty hands
[31]. The assumption has been confirmed by
Bulut C. with colleagues who detected viable
viruses in samples of feces taken from patients
with diarrhea [29, 31]. The most indicative
data are provided by Dhama K. and others
(2020): anal swabs give positive results as
opposed to oral cavity swabs at later stages
in the infection. This can be used as an addi-
tional diagnostic criterion when a patient
with COVID-19 is ready to be released from
hospital given negative swabs taken from the
oral cavity or nasopharynx: there can still be a
risk of fecal-oral transmission. The same data
were obtained when experts analyzed feces of
children infected with SARS-CoV-2 and with
mild clinical course of the disease. An oral
cavity swab was negative as opposed to anal
swab that was SARS-CoV-2-positive during
ten days [33]. Medical workers should adhere
to strict safety precautions when working with
feces samples taken from patients with sus-
pected COVID-19 or already infected ones.
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Occurrence of SARS-CoV-2 virus in fe-
ces can result in the fecal-oral transmission of
the infection. Probably, if we want to prevent
SARS-CoV-2 spread, we should believe healthy
people to be those who not only have negative
oral cavity swabs but also anal ones [33].

Therefore, SARS CoV-2 occurrence in
feces can be either due to lesions of the gastro-
intestinal tract or phlegm digestion and this
gives further causes to pay great attention to
personal hygiene.

Waste waters are becoming another impor-
tant aspect in studies focusing on COVID-19
since they can become a factor making for the
transmission of the disease. Given that SARS-
CoV-2 virus occurs in phlegm, blood, urine,
and feces, we can assume that it can also occur
in sewerage and waste waters. This requires
further investigation due to the fecal-oral
transmission being quite possible. Therefore, it
seems reasonable to revise the existing proce-
dures and stages in treatment of waste and
sewage waters and to implement effective dis-
infection techniques that can also eliminate
SARS-CoV-2 [33].

Previous epidemics of many viral infec-
tions could result in pregnancy pathologies, a
virus being transmitted from a mother to a fe-
tus, a perinatal infection and even death.
Schwartz D.A. (2020) conducted a study where
he indicated that COVID-19 didn’t cause any
pathology in 38 pregnant women. It should also
be noted that there have been no confirmed
cases when SARS-CoV-2 was transmitted from
a mother to a fetus [34-36].

Cheng V.C.C. et al. [30] examined 9 wo-
men with diagnosed COVID-19 during the third
trimester. The study showed that clinical signs
were similar to those detected in women who
weren’t pregnant: 7 women had fever; 5, lym-
phopeny; 4, cough; 3, myalgia; 2, sore throat and
overall sickness. All the examined women had
pneumonia but none of the needed AV; more-
over, the outcomes were quite positive in all the
examined cases. They all gave birth by cesarean
section. Absence of intrauterine or trans-pla-
cental transmission was also confirmed by the
newborns’ Apgar scores: 89 after 1 minute and
9-10 after 10 minutes [35].
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People with inapparent infection are still
its sources and are epidemiologically danger-
ous for their susceptible counterparts. There
have also been some reports on atypical clini-
cal signs of COVID-19 with fatigability being
its only symptom. Such respiratory symptoms
as fever, cough, and phlegm can be completely
absent [33]. Therefore, early diagnostics and
detection of patients with inapparent infection
can considerably reduce the transmission of
the infection to other, more susceptible people.
Nevertheless, we should note that experts are
still unable to provide exact data on the matter
and there is no unified and correct opinion on
factors and conditions of SARS CoV-2 trans-
mission.

According to Rasmussen S.A. and others,
an average age of hospitalized patients
amounted to 49-56 years and 32-51 % of them
had another disease [37]. Bulut C. with col-
leagues [29] concentrated on age-related pecu-
liarities of hospitalized patients in different
countries and detected authentically significant
differences. Thus, in China 87 % patients were
aged 30-39 years; in Italy, 35.8 % and 36 %
were aged 50-59 and 70-79 years respectively.
However, people aged 20-29 years accounted
for more than 70 % of hospitalized patients in
Germany [29].

Hospitalized patients tended to have such
clinical signs as fever (83-100 %), cough
(59-82 %), myalgia (11-35 %), headache
(7-8 %), and diarrhea (2-10 %). However,
100 % patients had certain lesions in their
lungs detected by chest x-ray examination
(ground-glass opacity). Meanwhile, children
rarely had COVID-19 and most of them had
the disease in its very mild form [37].

Besides age- and sex-related factors, it was
also established that middle-age and elderly pa-
tients with primary chronic diseases, especially
hypertension and diabetes mellitus, were more
susceptible to respiratory failure and, conse-
quently, their prognosis could probably be
rather unfavorable [33].

According to data provided by the WHO,
the overall mortality rate amounted to 6.3 as of
April 13, 2020. But there were differences in
mortality detected between different countries.

180

This rate tends to be higher in countries with
older population. Thus, in Italy average age of
people who died from COVID-19 amounted to
78 years and the mortality rate was 12.73 %;
France, 15.23 %; Spain, 10.22 %; China,
4.01 %; Germany, 2.28 %; the Russian Federa-
tion, 0.81 % [29]. According to data provided
by Bulut C. and others, a concomitant disease
can increase mortality: cardiovascular dis-
eases, by 10.5 %; diabetes mellitus, by 7.3 %;
chronic respiratory diseases, by 6.3 %; hyper-
tension, by 6.0 %; and cancer, by 5.6 % [29].

Experts also note that mortality among
men (2.8 %) is higher than among women
(1.7 %). ACE2 is known to be located on the
X-chromosome which can possibly have some
alleles that provide its carrier with resistance
to COVID-19 and this fact can explain lower
mortality levels among women. Sex hormones
might be another reason as it is assumed by
Tay M.Z. with colleagues. Estrogen and testos-
terone have different immune-regulatory func-
tions that can possibly influence both immune
protection and severity of COVID-19 [36].

COVID-19 pandemic created a tremendous
burden on public healthcare all over the world.
A drastic growth in a number of new cases has
already exceeded any quantities of available
medical consumables thus limiting a capability
to provide patients with intensive care and mak-
ing it available for only a small part of critical
ones. This could also make for growing mortal-
ity rates during the COVID-19 outbreak [33].

Therefore, it is truly vital to implement ef-
fective anti-epidemic, preventive, and sanitary-
hygienic activities in order to prevent further
spread of the disease and its transmission from
person to person.

An epidemic process of any infection, this
new coronavirus one among them, includes the
epidemiologic triad described by Gromashev-
skiy: an infectious agent, a transmission mecha-
nism, and a susceptible organism. However, at
present we can influence only the first two sec-
tions in the epidemic process until a safe and,
more importantly, effective vaccine against this
new coronavirus infection is created.

Some countries implement various activi-
ties aimed at preventing COVID-19 transmis-
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sion and spread, some effective, others not
[38—40]. Thus, in China many cities were
closed and social contacts were seriously lim-
ited at early stages in the epidemic. The gov-
ernment made a decision to follow two basic
principles, “four early” and “four centraliza-
tions” [41]. “Four early” principle included
early detection and early isolation of people
infected with SARS-CoV-2, early communica-
tion and early treatment. All these activities
facilitated early diagnostics and treatment and,
consequently, prevented further SARS-CoV-2
spread and reduced contagion levels. Contact
people were thoroughly traced in order to de-
tect and isolate a source of the infection at an
early stage. Any mass events were postponed,
schools and industrial enterprises were closed
[42, 43].

“Four centralizations” principle meant that
patients with the severe clinical course of the
disease were placed in the best hospitals with
the most effective therapeutic capabilities (cen-
tralization of patients). Centralization of doc-
tors, resources, and treatment provided an op-
portunity to render high quality medical aid to
seriously ill patients in accordance with the
principle “one person — one strategy”. We
should note than more than 37,000 thousand
medical workers from other provinces of China
took an active part in treating patients with
SARS-CoV-2 in Wuhan, Hubei province. This
fact reflects noble qualities and high profes-
sionalism of medical personnel (centralization
of doctors). All these aforementioned measures
effectively reduced COVID-19 mortality [41].

In the United States, immigration was
suspended and certain limitations were im-
posed on return of American citizens who
could create a risk of the new coronavirus in-
fection spread and transmission in the country.
However, as it was noted by Patel A. and oth-
ers, there was practically no quarantine and
cities were not closed [44].

The British government adopted another
strategy to fight against COVID-19. It was
quite distinctive and was aimed at reaching
“collective immunity” to SARS-CoV-2 virus.
Thus, at least 40 million British citizens “were
allowed” to get infected and the government
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hopes it would be enough to create durable
national immunity. However, Yu J. with col-
leagues (2020) believe this strategy to be “ab-
surd” since vaccination is the only way to cre-
ate collective immunity whereas the govern-
mental policy in Great Britain sacrifices a lot
of people and this is considered to be inhuman
in any civilized society. Besides, viruses can
mutate and there is no evidence that a recov-
ered person has some sort of durable immu-
nity. Therefore, this strategy to fight the infec-
tion hardly seems reasonable [45].

At present most European and American
countries haven’t still adopted the effective
Chinese strategy “to collect as many together
as possible” but allow patients with mild clini-
cal course of the disease to isolate themselves
at home thus increasing risks of transmission
and further spread of the virus.

Isolation and creation of vaccines and anti-
viral medications are top priorities. In case
there is no safe and effective vaccine or a spe-
cific drug treatment, the only solution is to pre-
vent the virus transmission, to provide people
and medical personnel with basic information
and to implement relevant prevention and con-
trol activities. Safety precautions can help peo-
ple to prevent risks of contagion; for example,
people should often wash their hands with soap
or any alcohol-based disinfectant, cover their
mouth with the elbow or a Kleenex when
sneezing or coughing, avoid close contacts with
people who have apparent symptoms, and apply
for a medical aid instantly in case there is fever,
cough, or labored breathing [38].

Creating a proper microclimate seems
another possibly effective way to prevent
SARS-CoV-2 from spreading. In particular,
proper temperature and relative humidity can
exert significant influence on frequency of
COVID-19 cases and SARS-CoV-2 transmis-
sion [40].

According to data provided by Harmooshi
N.N. (2020), SARS-CoV-2 is not a thermo-
philic virus; therefore, it becomes inactive just
as air temperature drops [40]. However, other
experts believe that SARS-CoV-2 disappears
at 30 °C, and this is a mistake since the virus
can become less viable under this temperature
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but this doesn’t mean it is eliminated com-
pletely [46]. Results produced in some latest
research give grounds for an assumption that
SARS-CoV-2 virus can survive on a surface
during 4-28 days, but if air temperature drops
below 3040 °C, then its life span will de-
crease. In addition to temperature, coronavi-
ruses are also sensitive to humidity; conse-
quently, it is probable that SARS-CoV-2 virus
can live longer under relative humidity being
50 %, than under that equal to 30 % [40].

Therefore, the most effective way to
make SARS-CoV-2 virus less active is to use
disinfectants which contain 60-70 % of etha-
nol or 70 % of isopropanol. Also, household
detergents or soap can be used for disinfec-
tion. If your hands are relatively clean, you
can use only a disinfectant, but in case they
are dirty, you have to wash them with soap
during at least 20 seconds [47].

Greater public awareness should be cre-
ated by using posters with precise “DO” and
“DO NOT DO” lists illustrating symptoms,
ways of transmission and prophylaxis activi-
ties with a focus on personal hygiene aimed at
preventing COVID-19 spread. Any campaigns
on organizing physical and social distancing
aimed at reducing physical contacts between
people should be promoted. Fitbit devices and
other applications on smartphones can be used
for monitoring over symptoms during such

outbreaks [48, 49]. Smartphones and Internet-
services can also be used for spreading rele-
vant information on how to prevent the infec-
tion from spreading.

Certain issues regarding SARS-CoV-2
still remain without an answer including fac-
tors that facilitated the virus overcoming the
interspecies barrier and ultimate conclusion on
its origin; differences in critical points of mu-
tation in transmission and pathogenesis of the
virus; the reason why it occurred; why some
infected people die and others only have inap-
parent infection; repeated cases of the disease
among recovered people.

However, one thing is known for sure: we
can overcome SARS-CoV-2 virus only by joint
efforts made by the whole world society and
using lessons that we learned thanks to MERS
and SARS outbreaks. Each day brings some
new knowledge about the COVID-19 pan-
demic. It hasn’t finished yet, and we should un-
derstand that unless we change our attitudes
towards SARS-CoV-2 virus and become more
demanding to ourselves, the virus will change
our everyday life completely what it has been
doing rather successfully all this time.
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COMMENTS AND REVIEWS

THE MONOGRAPH “EVOLUTION OF ARTIFICIAL LIGHTING:
A HYGIENIST’S OPINION” BY V. KAPTSOV AND V.N. DEINEGO:

AN OUTLINE, MOSCOW, RAS, 2021
B.A. Revich

Several years ago, a brilliant report on
hygienic issues related to lighting was given
by Valeriy A. Kaptsov, Doctor of Medical
Sciences, Professor, Corresponding Member
of RAS. The report was given on the plenary
session of the Commission on Environmental
Hygiene. And now, after a while, there is a
monograph by the same author written in co-
operation with an expert in photobiological
safety and lighting technologies. Both authors
are men of great humanitarian erudition and
this enabled them to consider excessive light
as a health risk factor within philosophical and
historical context, providing multiple poetic
and religious citations. As the authors state in
their foreword, they “outline the role played by
light in the life of the preceding civilizations”.
This impressive monograph of 632 pages in
volume is the first fundamental hygienic work
over the last 40 years with its focus on a spe-
cific and very complicated health risk factor.
Its predecessors are monographs on the envi-
ronmental hygiene, in particular, a work on the
ambient air hygiene which was issued in 1976
by several authors and edited by K.A. Bush-
tueva and a work on the water supply hygiene
by S.N. Cherkinskiy which was issued in
1975. Both these monographs have been
widely used in the educational process ever
since and have been studied by thousands of
students, postgraduates, and experts in various
fields. Still, hygienic issues are not considered
in them from the general humanitarian point of
view. V. Kaptsov has also followed the tradi-
tion to cooperate with experts from those

© Revich B.A., 2022

fields where hygienic studies are performed,
just as our teachers used to do many years ago.
For example, Professor K. Bushtueva studied
industrial technologies in great detail paying a
lot of attention to those of them which created
substantial emissions of pollutants into ambi-
ent air. Together with production engineers,
she searched for ways to minimize them. Pro-
fessor S. Cherkinskiy had not only medical but
also technical education. This helped him to
offer the most effective ways to treat sewage
waters which were also safe for human health
and ecosystems. Therefore, a creative union by
the authors of this monograph seems truly
logical. Hygienic assessment of light presented
in the monograph includes its impacts on bio-
chemical processes in the eye connective tis-
sue and cornea, melatonin synthesis and func-
tions performed by it, oxidative stress and
other processes; and this assessment is com-
bined with detailed examination of issues re-
lated to lighting technologies. A range of pat-
terns concerning this issue is outlined by the
editors in their foreword together with data on
the intensive growth of myopia prevalence,
both in Russia and in other countries. We can
quite agree with the authors that they have
been able to develop basic laws in the hygiene
of light and provided theoretical foundation for
light spectra similarity. We can also share their
regrets that the laboratory for lighting hygiene
(radiant energy) has ceased its operations.
However, we should note that the laboratory of
residential and public buildings was also
closed down and it’s a pity since it dealt with
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The monograph “Evolution of artificial lighting: a hygienist’s opinion” by V. Kaptsov and V.N. Deinego...

hygienic assessment of town planning. As for
other closed laboratories, we can mention the
laboratory for construction materials hygiene
as well as some other laboratories in scientific
centers across the country.

Starting from the foreword, the authors
study the mythology of light in the ancient
Egyptian and Greek culture: “a winner needs a
falcon’s health and life-giving light of rising
sun”; how sunlight dispersion was discovered
by Newton; how the term “myopia” was cre-
ated; and some other facts regarding the issue.

The first chapter dwells on analyzing and
systematizing the results produced by more than
350 studies which revealed variable negative
outcomes caused by use of light-emitting diodes;
the authors also describe rules of special nutri-
tion necessary for people who spend a lot of time
working on a PC and looking at a monitor; they
consider an issue related to excessive blue light
doses which has already been addressed by them
in their previous works. Bearing in mind, that
this monograph is distributed free of charge and
there is not enough information about its publi-
cation, we feel obliged to provide several refer-
ences to these previous publications: Kaptsov
with colleagues, 2013, 2014; Deinego, Kaptsov,
2014; Kaptsov, Deinego, 2016, 2017 and oth-
ers'. A list of headings for the sections in the ta-
ble of contexts provided for the monograph is
almost 2 pages long. This list contains some
notes which are utterly interesting for preventive
medicine in general, for example, a philosophy
of a hygienist and the profile of the lighting envi-
ronment, hygiene and principles of medical de-
ontology and some others. A small but quite in-
formative section headed “Moonlight and star-
light” intertwines scientific data on light with
poetic and pictorial examples.

Theoretical aspects of the examined issue
(electron deficiency as a basis of oxidative stress
pathogenesis, biochemistry of the connective
tissue and cornea, etc.) are accompanied with

detailed description of preventive activities
which are vital in our northern country with
huge sunlight and ultraviolet radiation deficiency
resulting in relevant protohormone D shortage.
Building density now tends to be too high in
residential areas and this leads to improper inso-
lation and insufficient open green spaces, espe-
cially in megacities; the process is further aggra-
vated with excessive lighting. The authors pro-
vide some data that the phenomenon is
especially apparent in huge Asian megacities
(the first place belongs to Hong Cong where
there are no limitations on light pollution). A lot
of people living in such cities suffer from in-
somnia. Therefore, some cities (Shanghai, Sid-
ney, or London, for example) have started to re-
duce intensive lighting and introduced certain
limitations. As the authors put it, “people living
in megacities can see only several tens of the
brightest starts in the night sky instead of 2500
ones which are always there”. The monograph
gives some examples of activities performed in
various countries and cities with their aim to re-
duce light pollution. Nevertheless, in France, for
instance, illumination provided for a lot of build-
ings in downtowns has been only growing and
the same is true for architecture monuments and
other public places but the process has never
been supported with proper hygienic assessment.

The closing chapters in the monograph
dwell on health risks caused by some types of
LED sources including those influencing the
retina. This fundamental work about light is
interesting and useful not only for readers
mentioned by the authors themselves such as
hygienists, occupational pathologies, or ex-
perts in labor protection but also for people
with a wide range of other occupations includ-
ing biologists; stage lighting specialists; de-
signers, architects and planners, especially
those who design hospitals and children facili-
ties; city developers; power engineering spe-
cialists; economists; etc.

1Kaptsov V.A., Sosunov N.N., Shishchenko LI., Viktorov V.S., Tulushev V.N., Deynego V.N., Bukhareva E.A., Mu-
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