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We estimate quantitatively the influence of ambient air pollution on SARS-CoV-2 spread among populations in six cit-
iesin the Russian Federation. These cities are among priority ones as per air pollution and are included in the “ Clean air”
Federal project (Bratsk, Krasnoyarsk, Norilsk, Omsk, Cherepovets, and Lipetsk).

Our hypothesis was that dynamic features of the infection spread would be different from an expected model of its epi-
demiologic process under exposure to environmental pollution. Regression and correlation analysis was performed for rela-
tionships between a daily deviation in actual incidence from a basic epidemiologic scenario and the average daily concen-
trations of chemicals in ambient air. The initial data were results obtained from instrument measurements of ambient air
quality in the examined cities (approximately 10.8 thousand measurements covering 29 chemicals) and the daily incidence of
COVID-19 from April 18, 2020 to July 31, 2021 (77,337 cases).

An authentic correlation between COVID-19 incidence and chemical concentrations in ambient air was detected in all
six examined cities. The contribution of air pollution to COVID-19 incidence rate amounted to 5.0 £ 2.6 % in five cities
(Krasnoyarsk, Norilsk, Omsk, Cherepovets, and Lipetsk) over the examined period. In Bratsk, this value was about 33 % and
it requires additional research for either confirmation or correction. Growth in COVID-19 incidence in the examined terri-
tories is associated with particulate matter (PM39, PM,5) and some other chemicals that can irritate the airway directly or
indirectly (sulfuric acid vapors, hydrogen chloride, formaldehyde, hydrogen sulphide, etc.). Target levels were substantiated
for several priority chemicals; should these levels be achieved, one would predict a decrease in COVID-19 incidence by
mor e than 1-3 % in the examined cities.

We propose that population morbidity and mortality caused by COVID-19 require further studies, including those
combined with medical and biological examination regarding efficiency of vaccination and post-vaccination immunity per-
sistence on territories with elevated environmental pollution. This research is vital due to the considerable global medical
and demographic losses during the COVID-19 pandemic and the latest research works providing evidence of a correlation
between air pollution and spread of the disease, its severity, clinical course and outcomes.
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On estimating the additional incidence of COVID-19 among populations exposed to polluted ambient air...

The COVID-19 pandemic has resulted in
grave damage to the world’s population, as
well as to global economies and finance. De-
tailed studies on reasons for the occurrence
and spread of disease, its severity and modifi-
cations in its clinical course, became one of
the most vital trends in scientific research in
2020-2021.

The integration of long-term epidemi-
ologic and experimental data suggests that en-
vironmental pollution would serve to favor the
spread of SARS-CoV-2 virus and negative
health outcomes of COVID-19 [1-5]. Indeed,
previous research focusing on respiratory vi-
ruses has provided evidence that air pollution
can contribute to elevated morbidity and mor-
tality primarily caused by communicable dis-
eases [6—9]. Research accomplished during the
first COVID-19 wave described detected di-
rect authentic correlations between dust parti-
cles (including PM;¢ and PM;s), nitrogen ox-
ides, ozone, and other pollutants contained in
ambient air and COVID-19-related mortality
and morbidity [10—14]. There are assumptions
in some published works that air pollutants,
primarily finely-dispersed dusts, can enhance
coronavirus spread since they absorb the cul-
pable virus (SARS-CoV-2) on the surface of
particles [15, 16].

According to data provided by the World
Health Organization (WHO), all sizes of aero-
sol particles carrying infectious virus can de-
posit directly on the mucosa of the respiratory
tracts (direct contacts); additionally, the agent
could contaminate surfaces or objects (fomites)
and thereby be transmitted to mucosa (indirect
contacts) [17]. Viable SARS-CoV-2 virus has
been detected on surfaces for several hours or
even several days depending on environmental
conditions [18]. Therefore, when solid or liquid
droplets (as a disperse phase) occur in air (as a
disperse medium), there is greater potential for
the virus to spread.

These assumptions have been confirmed
with epidemiologic research. Using results ob-
tained by analyzing medical and demographic
statistical data collected in more than 3 munici-
pal settlements in the USA, Wu and colleagues
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[19] established that an increase of 1 mg/m3 in
finely dispersed PM;s dust in ambient air re-
sulted in an 8 % increase in mortality due to
COVID-19 (95 % confidence interval was
2-15 %). These authors assumed that both
short-term (acute) and long-term (chronic) ex-
posure to PM; 5 dust would be a risk factor.

Setti and associates revealed an authentic
correlation between excessive daily PMj lev-
els and initial COVID-19 spread in 110 prov-
inces in Italy [20]. Additionally, Chinese and
British scientists used ecologic and medical
data collected in 120 cities in the People’s
Republic of China (approximately 58 thou-
sand COVID-19 cases) to develop multi-
factor mathematical models that described
positive correlations between the daily num-
ber of confirmed COVID-19 cases and ambi-
ent concentrations of finely dispersed dusts
(PMas, PMyy), nitrogen dioxide, and ozone in
ambient air averaged over a 2-week period
[21]. The authors indicated it was vital to take
necessary actions aimed at reducing air pollu-
tion since it would help minimize disease in-
cidence.

Several studies have found that air pollu-
tion not only promotes the spread of SARS-
CoV-2 but also compromises the removal of
airway pathogens, diminishes overall immu-
nity and aggravates cardiovascular or lung
diseases [22-25]. Bourdrel and colleagues
(2021) showed that air pollution might be re-
lated to increased COVID-19 severity and
lethality in subjects with chronic diseases,
such as cardiopulmonary disease and diabetes
mellitus They noted that exposure to polluted
air resulted in a weaker immune response that
promoted viral entrance and replication in the
body. Besides, viruses can persist in ambient
air due to complex interactions with solid par-
ticles and gases. Such interactions vary ac-
cording to chemical structure, particle electric
charge, and meteorological parameters such
as relative humidity, ultraviolet radiation, and
temperature [26].

A wide-scale study of more than 27.6
thousand patients with COVID-19 showed that
the highest mortality occurred among patients
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who, prior to SARS-CoV-2 infection, suffered
from cardiovascular diseases, immune and
metabolic disorders, respiratory diseases, cere-
brovascular diseases, or cancer [27].

All the aforementioned data are in line
with results obtained by German researchers
[28] who emphasize that the epidemic process,
while uniform, resulted in significant differ-
ences in COVID-19 prevalence in European
countries with similar and efficient public
healthcare systems and similar population
structures. Long-term exposure to adverse en-
vironmental factors in a period prior to the
epidemic is considered a possible reason for
the higher incidence of COVID-19 in some
countries. Drinking water chlorination, envi-
ronmental pollution with pesticides and persis-
tent organic pollutants, among other factors,
were considered to be risk factors that sup-
press immune function and thereby increase
susceptibility to viral infection.

Results obtained via spatial analysis of
fatal COVID-19 cases in 66 administrative
districts in Italy, Spain, France, and Ger-
many indicate that 3,487 of 4,443 (78 %)
deaths occurred in 5 regions located in
northern Italy and central Spain. Importantly,
attendant orographic features compromised
the efficient dispersion of airborne pollut-
ants, such that the highest nitrogen dioxide
concentrations were detected in the same five
regions [29]. The authors proposed that long-
term exposure to nitrogen dioxide contributed
significantly to the elevated COVID-19 mor-
tality in these regions.

Given that poor environmental quality,
especially of ambient air, appears to exert both
direct and indirect influences to promote
COVID-19 spread and associated mortality,
we employ our expertise in environmental hy-
giene to examine the Russian experience.
Ambient air quality in many large cities in the
country is rather poor due to chemical admix-
tures occurring in quantities that exceed hygi-

enic standards; this includes airborne pollut-
ants such as dusts, especially PM;y and PM; s,
nitrogen oxide, and nitrogen dioxide among
other pollutants that appear to elevate risks of
COVID-19 spread [30-32]. The subject is of
special relevance to the populations of Russian
cities where ambient air is heavily polluted,
including those listed within the “Clean air”
Federal project, such as Krasnoyarsk, Bratsk,
Cherepovets, Norilsk, and others [33-35].
Coal is a primary energy source in cities lo-
cated in the Siberian Federal District in Russia
where prevalent climatic and meteorological
factors prevent efficient dispersion of emis-
sions from energy-producing objects, indus-
tries, transport, and heating sources in private
households. These factors combine to result in
the accumulation of airborne pollutants in the
bottom layers of the atmosphere, that is, the
layers from which people breathe air.

The Russian Federation is currently as-
sessing the correlation between quality of the
environment and morbidity and mortality of
COVID-19'. Here, we quantitatively assess the
relationship between COVID-19 morbidity
and mortality and several environmental pa-
rameters, the results of which can be used to
regulate sources of air pollution. This is espe-
cially important for economic entities, notably
businesses, since the COVID-19 pandemic has
resulted in significant losses of working days
among the employable population due to tem-
porary inability to work. Figure 1 shows that
the working population prevailed among
COVID-19 patients (40.4 %), workers ac-
counting for 27.8 % among them; medical per-
sonnel, 9.8 %; office workers, 7.7 %; and per-
sonnel employed at educational establish-
ments, 2.8 %.

Our research goal was to quantitatively
assess the influence of ambient air pollution on
SARS-CoV-2 spread among selected urban
populations living in Russia under unfavorable
sanitary-hygienic conditions.

"Does air pollution influence mortality caused by the new coronavirus infection? Available at: http://cgon.ros-

potrebnadzor.ru/content/62/4262/ (August 18, 2021).
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Figure 1. Composition of COVID-19 patients
in Russia by occupation or social status
(2020), % [36]

Research Design. The research design
was built on the assumption that air pollution
could change the epidemiologic process due to
sorbed viruses being carried on solid particles,
on the one hand, and particulate irritation of
mucosa and weakened barrier functions of the
respiratory organs, on the other hand. Essen-
tially, it was assumed that air pollution created
environmental conditions under which dy-
namic features of the infection spread were

FEDERAL DISTRICTS OF RUSSIA

uuuuuu

different from any expected scenario that cor-
responded to a standard model of the epidemi-
ologic process.

It should be noted that an epidemiologic
process model (a basic scenario of the infec-
tion spread) has a complex structure and
should take into account certain peculiarities
typical for a given territory or a settlement,
such as population density, inter- and intra-
territorial migration, peculiarities related to
anti-epidemic activities organization, among
other considerations. Building such a model
requires special studies and is beyond
the framework of the present research and
its tasks.

Data and methods. COVID-19 incidence
was quantitatively estimated based on an
analysis of cause—effect relations between the
daily growth in the number of cases and air
pollution rates in six cities listed in the “Clean
air” Federal project program, namely Bratsk,
Krasnoyarsk, Norilsk, Omsk, Cherepovets, and
Lipetsk (Figure 2).

The main sources of pollution in the stud-
ied cities are the objects of the mining and
metallurgical industry, in Siberian cities
(Bratsk, Norilsk, Krasnoyarsk) there are also
heat power facilities operating on solid fuels.
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Figure 2. Location of the studied cities on the map of the Russian Federation
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Results obtained via daily instrumental
measurements of chemical concentrations in
ambient air in these cities were taken as initial
data on ambient air quality. Measurements were
accomplished within social-hygienic monitoring
activities by certified laboratories of the Centers
for Hygiene and Epidemiology in Irkutsk region
(Bratsk), Krasnoyarsk region (Krasnoyarsk and
Norilsk), Omsk region (Omsk), Vologda region
(Cherepovets), and Lipetsk region (Lipetsk). All
monitoring posts were located in urban residen-
tial areas. Samples were taken as per the most
comprehensive program (4 times a day). Compa-
rable and certified sampling and measurement
procedures were applied in each examined city.

The research covered all particulate mat-
ter and admixtures which, according to data
available in relevant scientific literature, can
exert a negative influence on airway function
and/or the immune system. Overall, our
analysis included 10.8 thousand instrumental
measurements of 29 entities, including PM¢
and PM, s with non-differentiated structure,
finely dispersed particles with known chemi-
cal structure (oxides of aluminum, nickel,
copper, chromium, and poorly soluble fluo-
rides) soot, benzopyrene, nitrogen dioxide,
sulfur dioxide, hydrogen chloride, sulfuric
acid, and aromatic hydrocarbons (benzene,
toluene, xylene), among others.

Population numbers were taken from state
statistics as of January 01, 2021.> At present
approximately 3.46 million people live in the
six cities examined in the present study.

Daily incidence of SARS-CoV-2 coro-
navirus infection was taken as the absolute
number of cases over a period of time from
April 18, 2020 to July 31, 2021, according to
daily data provided by operative offices in the
regions studied (overall, 77,337 disease cases).

Data analysis. Preliminary data prepara-
tion included the following:

— average daily concentrations of pollut-
ants in the examined cities were computed via

averaging data obtained from all daily meas-
urements;

— gaps in initial data were filled due to
averaging values of daily concentrations within
a time range + 15 days from an examined date
(in case there were 5 and more computed av-
erage daily concentrations);

— relative daily incidence among popula-
tions was computed as a ratio of an absolute
number of registered cases to a population
number;

— disease incidence was averaged per
week (to remove “weekend effects” caused by
peculiarities of medical aid provision and a
system of accounting a number of people’s
applications for medical aid to medical organi-
zations on weekends) as per the following
formula (1):

t+3

o
y3=72y1,

=t-3

(1)

where ¥ is incidence averaged over a 7-day

period on a date t, cases/1,000; t is the present
date.

To model the epidemiologic process, we
simplified the daily growth of disease cases by
averaging data collected over a 28-day period
using a moving-average procedure (2):

t+13

3 1
= , 2
YA %;} (2)

where ¥* is incidence on a date t averaged
over a 28-day period, cases/1,000, t is the pre-
sent date.

Relationships were modeled in accor-
dance with the basic hypothesis that a differ-
ence between detected incidence (with weekly
averaging) and incidence in a basic epidemi-
ologic scenario was due to external factors,
including those related to air pollution.

To eliminate the influence exerted by a
scale of a basic epidemiologic scenario in re-
sults obtained via assessing cause-and-effect

2100 largest cities in Russia as per population (2021). Available at: http://www.statdata.ru/largest_cities_russia

(August 01, 2021).
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relations, a relative daily deviation was com-
puted (3):

. W7 _ y28
6yt = tTgta

Y

3)

where 8, is a relative daily deviation in ac-

tual COVID-19 incidence from a basic epide-
miologic scenario.

Computations of relative daily deviations
for all six territories provided comparable
standardized values such that all the data could
be combined in a single data array for statisti-
cal analysis.

Modeling a system for cause—effect rela-
tions also involved correlation-regression
analysis of relationships between a relative
daily deviation in actual incidence from a ba-
sic scenario (8Y,) among a given population
and the average daily concentrations of chemi-
cals in ambient air. Models were built based
on combined data from all examined territo-
ries. In addition, we searched for a time gap
between changes in air pollution rates and in-
creased disease incidence. This optimal time
lag was assumed to correspond to the maxi-
mum correlation coefficient.

Statistical analysis allowed relationships
to be paired between relative daily growth in
incidence and air pollution rates (4):

0%, =& XL +h ’ 4)

where X, ; is average daily concentration of

the i-th chemical in ambient air on a date t-Li;
Li is time lag; & , by are model coefficients for
the i-th chemical.

Building models for relationships in-
volved procedures aimed at testing statistical
hypotheses regarding model parameters and
model adequacy, as well as testing their bio-
logical plausibility.

Obtained models showing the relation-
ships gave grounds for assessing a number of
disease cases associated with ambient air pol-
lution. To do that, the following values were
calculated:

— daily incidence associated with ambient
air pollution (5):
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where AY, is total disease incidence associated

with exposure to air pollution on a date t,
cases/1,000; Ay, is disease incidence associ-

ated with exposure to the i-th chemical in am-
bient air on a date t, case/1,000;

— absolute number of disease cases asso-
ciated with air pollution over a year (6):

Av—lZAyt.

= 6
1000 5 ©

A probable contribution of air pollution to
COVID-19-related mortality and morbidity
among the populations studied was estimated
based on the totality of data. Additionally, such
a concentration of a chemical was computed
that could account for permissible growth in
COVID-19 incidence (target growth). The per-
missible (target) growth was taken as equal to
1% and / or 3 % of a relative daily incidence
for a given territory.

A target concentration was computed as
per the following formula (7) that was ob-
tained via transformation from the regression
equation (5):

v 8
3

where X" is a target concentration of the i-th

X (7)

chemical, mg/m’; 8y" is a target relative

growth in disease incidence taken as equal to
0.01 (or 1 %) or 0.03 (or 3 %).

The suggested approaches were tested in
some cities that were included in the “Clean air”
Federal project (Bratsk, Krasnoyarsk, Norilsk,
Omsk, Cherepovets, and Lipetsk). Correlations
between ambient air quality and COVID-19
spread were considered separately for each ex-
amined city due to specific chemicals occurring
in ambient air in each of them and, accordingly,
different programs for instrumental measure-
ments that were applied there.
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We also attempted to reveal any common
regularities by analyzing data combined for all
six examined cities.

Basic results. Figures 3 and 4 show aver-
age weekly disease incidence for the examined
territories. While similarities in the overall
temporal pattern of disease incidence was evi-
dent in the six cities, individual cities showed
variances one with the other.
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Figure 3. Daily incidence of SARS-CoV-2 on the
examined territories averaged over a 7-day period

Assessment of a correlation between these
deviations and air pollution rates in different
cities allowed the development of several reli-
able mathematical models; Tables 1-3 contain
their parameters for some cities (in these ta-
bles: N is a number of daily observations, R is
determination coefficient).

Reliable models were obtained for a cor-
relation between daily fluctuations in the

2
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Figure 4. Daily incidence of SARS-CoV-2 according
to a basic epidemiologic scenario (average over a 28-
day period)

Table 1

Parameters of relationships between a value 0y, and average daily concentrations of chemicals
in ambient air (p < 0.05) in Bratsk

. A range of daily concentrations over
Chemical & b n R thge examinz:,d period, mg/m’
Benzopyrene 41,600 —-0.0384 316 0.0225 [0%*; 1.42E-05]
Particulate matter PM;, 31.63 —-0.00356 321 0.0230 [0; 0.036]
Particulate matter PM, 5 20.87 —0.00452 319 0.0165 [0; 0.123]
Hydrogen chloride 9.19 —0.027 316 0.0394 [0; 0.06]
Dimethylbenzene 2.26 —0.0935 309 0.0363 [0;0.35]
Methylbenzene 3.76 —0.0817 309 0.0355 [0;0.17]
Carbon (soot) 2.24 -0.0250 313 0.0199 [0;0.19]
Ethylbenzene 17.35 -0.0719 309 0.0171 [0; 0.022]
Note: 0* —here and further on — means “lower than limit of detection”.
Table 2

Parameters of relationships between a value 0y, and average daily concentrations of chemicals
in ambient air (p < 0.05) in Cherepovets

. A range of daily concentrations over
Chemical & b R thge examinz:,d period, mg/m’

Particulate matter PM;, 6.04 -0.0432 209 0.0597 [0; 0.0707]

Particulate matter PM, 5 5.28 -0.0331 209 0.0349 [0; 0.061]

Nickel oxide * 48.63 —0.0465 209 0.0267 [0; 0.00733]

Note: *occurs in ambient air as fine-dispersed solid particles.
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Parameters of relationships between a value oV,

Table 3

and average daily concentrations of chemicals

in ambient air (p < 0.05) in Lipetsk

. A range of daily concentrations
Chemical & b n R over th% examin}e/d period, mg/m’
Nitrogen dioxide 0.593 —0.0229 382 0.0104 [0; 0.135]
Ammonia 2.78 —0.0208 382 0.0207 [0; 0.0506]
Hydrogen sulphide 119.6 —0.00945 377 0.0104 [0;0.001]
Manganese and its compounds* 122.8 —0.0122 375 0.0125 [0; 9.75E-04]
Ozone 1.76 —0.0223 382 0.0188 [0; 0.0765]
Prop-2-en-1-al (acrolein) 574 —0.0127 380 0.0104 [0; 0.00263]

Note: *occurs in ambient air as fine-dispersed solid particles.

growth of COVID-19 cases and daily fluctua-
tions in the airborne concentrations of benzene
(ai = 0.088; b = —0.0143; R = 0.02) and hydro-
gen sulphide (a = 82.1; by = —0.063; RF=0.32)
in Krasnoyarsk; daily fluctuations in concentra-
tions of nitrogen dioxide (& = 2,18; b= —0.0912;
R* = 0.02) and sulfuric acid (g = 21,5;
bi = —0.099: R = 0.11) in Norilsk; and daily
fluctuations in concentrations of ethyl benzene
(a = 2,96; b= —0.039; RF= 0.02) in Omsk.
Table 4 models the relationship between
specific airborne pollutants using data from all

examined cities and oY, , which were consid-

ered authentic (p < 0.05).

Based on these mathematical models, we
tentatively assessed the contribution made by
chemical factors to the incidence of COVID-19
among populations in the examined cities (re-
calculated as per annual incidence) (Table 5).

Estimated contributions to COVID-19 in-
cidence from airborne pollutants varied from
1.6 % (Krasnoyarsk) to 8.9 % (Norilsk) in five
of six examined cities, results that compare

Parameters of relationships between a value 0Y,

well with those reported from studies outside
the Russian Federation. Results obtained for
the city of Bratsk fall outside this range since
the computed contribution for chemical factors
amounted to almost one third over the exam-
ined period.

Overall, approximately 3,572 number of
COVID-19 cases detected in the examined cities
are probabilistically related to polluted breath-
able air. This suggests that decreased air pollu-
tion would reduce the number of COVID-19
cases in these cities and beyond.

Tables 6-11 contain results obtained via
computing target levels of admixture contents
in ambient air for each city.

Target concentrations differ by city due to
the differential estimated total health impact of
city-specific air pollutants. However, almost
everywhere, the target air pollutant levels that
ensure a growth in COVID-19 incidence not
exceeding 3 %, and in a better case 1 %, are
lower than the average daily maximum per-
missible concentration (MPC) of an individual

Table 4

and average daily concentrations of chemicals

in ambient air as per combined data collected in all 6 cities

Chemical a b, n R

Hydrogen chloride (as per HCI molecule) 8.96 —0.0202 464 0.0369
di-Aluminum trioxide * 7.34 —0.0213 591 0.0105
Nickel oxide (recalculated as per Ni)* 39.8 —0.0298 619 0.0126
Ozone 1.76 —0.0223 382 0.0188
Carbon black (soot)* 1.39 —0.0135 1469 0.0077
Formaldehyde 2.09 —0.0146 1372 0.0036

Note: *occurs in ambient air as fine-dispersed solid particles.
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Table 5

Computed numbers of associated disease cases as per cities, cases/year

COVID-19 incidence over the examined period Share of cases
City Actually detected Including that associated with air pollution | associated with air
Cases, total cases / 1,000 Cases, total cases / 1,000 pollution
Bratsk 3,280 14.50 1,380 6.10 0.334
Krasnoyarsk 14,929 14.83 232 0.23 0.016
Norilsk 2,171 11.94 207 1.14 0.089
Omsk 33,238 28.79 723 0.63 0.022
Cherepovets 5,634 18.05 501 1.61 0.089
Lipetsk 15,326 30.46 529 1.05 0.035
Table 6

Target average daily concentrations of chemicals in ambient air in Bratsk that ensure a relative
growth in COVID-19 incidence not exceeding 1-3 % (here and further on given a persistent set
of pollutants typical for a specific city)

. Target conc.en.tra'Fion, mg/m’, that ensures growth MPC*, mg/m’
Chemical in incidence not exceeding
1% 3% av.daily av.annual
Benzopyrene 2.40E-07 7.2E-07 - 1.00E-06
Particulate matter PM,, 0.0003 0.0010 0.15 0.075
Particulate matter PM, s 0.0005 0.0014 0.035 0.025
Hydrogenchloride (as per HCl molecule) 0.0011 0.003 0.1 0.02
Dimethylbenzene (a mix of isomers) 0.0044 0.013 0.04 —
Methylbenzene 0.0027 0.008 - -
Carbon (soot) 0.0045 0.013 0.05 0.025
Ethylbenzene 0.0006 0.002 - 0.04
Note: *MPC means maximum permissible concentration.
Table 7

Target average daily concentrations of chemicals in ambient air in Cherepovets that ensure a
relative growth in COVID-19 incidence not exceeding 1-3 %

. Target conc’en'trat'ion, mg/m’, that ensures growth MPC av.daily,
Chemical in incidence not exceeding m g/m3
1% 3%
Particulate matter PM;, 0.0017 0.051 0.06
Particulate matter PM, 5 0.0019 0.006 0.035
Nickel oxide 0.0002 0.001 0.001
Table 8

Target average daily concentrations of chemicals in ambient air in Lipetsk that ensure a relative
growth in COVID-19 incidence not exceeding 1-3 %

Target concentration, mg/m’, that ensures growth MPC
Chemical in incidence not exceeding av.daily,
1% 3% mg/m’
Nitrogen oxide 0.017 0.051 0.06
Ammonia 0.004 0.012 0.035
Hydrogen sulphide 0.00008 0.001 0.001
Manganese and its compounds 0.00008 0.0003 0.002*
Ozone 0.006 0.018 0.1
Prop-2-en-1-al (acrolein) 0.0002 0.0006 0.01

Note: *average annual concentration is given in case there is no determine average daily one.
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Table 9

Target average daily concentrations of chemicals in ambient air in Norilsk that ensure a relative

growth in COVID-19 incidence not exceeding 1-3 %

. Target concF:nFratjon, mg/m’, that ensures growth MPC av.daily,
Chemical in incidence not exceeding mg/m’
1% 3%
Nitrogen dioxide 0.0046 0.42 0.06
Hydrogen sulphide 0.0005 0.0004 0.002*

Note: *average annual concentration is given in case there is no determine average daily one.

Table 10

Target average daily concentrations of chemicals in ambient air in Krasnoyarsk that ensure

a relative growth in COVID-19 incidence not exceeding 1-3 %

. Target concentration, mg/m’, that ensures growth MPC av.daily,
Chemical o . 3
in incidence not exceeding mg/m
1% 3%
Benzene 0.1136 0.42 0.06
Hydrogen sulphide 0.00012 0.0004 0.002*

Note: *average annual concentration is given in case there is no determine average daily one.

Table 11

Target average daily concentrations of chemicals in ambient air in Omsk that ensure a relative

growth in COVID-19 incidence not exceeding 1-3 %

Target concentration, mg/m’, that ensures growth

Chemical in incidence not exceeding MPglaX.n(%ally,
1% 3% £
Ethylbenzene 0.0037 0.011 0.04*
Nickel oxide 0.00004 0.0001 0.001

Note: *average annual concentration is given in case there is no determine average daily one.

pollutant and/or average annual MPC. A target
level may be lower than hygienic standards by
1.5-3 times (for example, target concentra-
tions of nitrogen dioxide and ammonia in
Lipetsk; benzopyrene and xylene in Bratsk, or
particulate matter PM,, in Cherepovets) or
even by 10-20 times (target concentrations of
manganese compounds and acrolein in Lipetsk
or hydrogen sulphide in Krasnoyarsk). While
target concentrations are determined by spe-
cific sets of pollutants in this or that city and
actual existing concentrations of specific ad-
mixtures, the data overall predict that COVID-
19 cases would drop with substantial im-
provement in ambient air quality.

Discussion. The present results support the
hypothesis that variations in COVID-19 inci-
dence is correlated with urban air pollution, and
that these relationships are demonstrable re-
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gardless of the type and concentration of pollut-
ants in breathable air. In brief, air pollution ap-
pears to increase the incidence of COVID-19.
This relationship holds not only for particulate
matter (as reported in multiple foreign publica-
tions) but also for a set of other chemicals that
produce airway irritability among other physi-
ologic effects. These chemicals include: sulfu-
ric acid vapors, hydrogen chloride, formalde-
hyde, hydrogen sulphide, among others.

The apparent contribution of chemical pol-
lution to an increased COVID-19 incidence in
five of the six cities (i.e., Krasnoyarsk, Norilsk,
Omsk, Cherepovets, and Lipetsk) varied within
close ranges and amounted to approximately
5.0 £ 2.6 % over the examined period. A de-
tected correlation between daily fluctuations in
COVID-19 incidence and air pollution in
Bratsk was substantially more intense and
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amounted to approximately 33 %; additional
research is required either to confirm or correct
these results. Overall, these results assume that
pre-existing disease and other factors that affect
COVID-19 rates are distributed equally among
the populations studied here. The findings also
rely on the assumption that COVID-19 inci-
dence is comparably reported across the cities
studied. While COVID-19 mortality rates are
not included, such data would be a valuable ad-
dition to the present analysis.

These results are relevant to economic en-
tities that contribute to air pollution and to the
governmental authorities that regulate the
emission of pollutants from factories and other
entities. Standards for permissible emissions
can and should be the first obligatory step in
making the living environment truly safe, but
there should also be further measures designed
to minimize air pollution and associated
population health risks. Such steps are espe-
cially important when people are simultane-
ously exposed to a contagious respiratory
virus (SARS-CoV-2) and air pollutants that
are known to compromise airway and/or im-
mune function. The latter should always be
taken into account when a system for environ-
mental standardization is being updated, includ-
ing methodology for emissions quoting. Indeed,
the management of pollutant emissions in cities
should become a system for health risk man-
agement, especially in the case of specific sani-
tary-epidemiologic situations. These recom-
mendations are highlighted by the present re-
sults showing that COVID-19 has uncovered
underlying major health risks among urban
populations in Russia and beyond that are con-
tinually exposed to airborne pollutants.

The present research is considered to be
preliminary and aimed at testing methodologi-
cal approaches. Primary analysis of all col-
lected data revealed some uncertainties in ini-
tial data that produced significant effects on
computation results and should be eliminated.
Uncertainties are associated with some delay
in entering data on morbidity into information
bases and the lack of measurements for some
days, which required “restoration” of data by
interpolation methods.

24

Similar studies using more complete data
collected over a longer period of time are rec-
ommended. Additionally, it will be important to
examine how air pollution affects COVID-19
incidence and mortality by sex, age, occupation
and preexisting medical conditions. Results ob-
tained from such studies will allow the devel-
opment of recommendations designed to opti-
mize the quality of breathable urban air.

Studies on the efficiency of vaccination
against SARS-CoV-2 and post-vaccination
immunity persistence among people living un-
der different external exposure conditions can
be and should be another significant trend in
future research. Such studies should be ac-
complished as soon as possible since they,
among other things, are vital for organizing
proper and efficient prevention of repetitive
waves of COVID-19. Without doubt, there are
grounds for such studies: first of all, there is
evidence of declining post-vaccination immu-
nity to other communicable diseases such as
measles or diphtheria under exposure to envi-
ronmental pollution [37-39]. Research [40]
has shown that laboratory blood tests of chil-
dren living in environments with permanent
high chemical aerotechnogenic exposure have
weakened immune systems and decreased
immune responses to vaccine antigens.

Given the existence of a relevant data-
base, wide-scale research that focuses on as-
sessing the influence of environmental pollu-
tion on preserving immunity against COVID-19
could be launched without delay. Ambient air
quality is constantly monitored within the
“Ecology” National project in residential areas
in cities where air pollution is high. Data on
each COVID-19 case are registered in a uni-
fied database that contains information col-
lected across Russia. There is also systemic
national serologic monitoring [41] that pro-
vides uninterrupted objective assessment of
specific post-vaccination immunity against
agents of communicable diseases that can be
managed via specific prevention; this monitor-
ing is performed in “indicator” population
groups and risk groups.

There should be permanent control over
the existing situation, and wide and compre-
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hensive discussion of the results obtained via
this control; discussion and communications
should involve not only scientists and practical
experts in public health but also people who
make decisions on ecology, medicine, public
agents at all levels, and people representing
business and civil society as well. All the above-
listed steps are needed not only to control and
surmount the current pandemic but also to
provide critical information to help solve simi-
lar problems in future. These approaches are in
line with opinions and attitudes expressed by
many researchers [42—44].

Conclusions. An authentic correlation
between COVID-19 incidence and the con-
centration of chemical pollutants in ambient
air has been detected in all six examined cit-
ies; these are considered priority cities in the
Russian Federation for air pollution and are
included in the “Clean air” Federal project.
Our data are in line with those obtained by
foreign researchers and suggest a common
trend of higher COVID-19 incidence among
people living in urbanized territories of Russia
and beyond. In sum, they suggest that continu-
ous exposure to certain air pollutants with estab-
lished adverse health impacts can increase the
risk of COVID-19 and spread of SARS-CoV-2.

In five cities (Krasnoyarsk, Norilsk, Omsk,
Cherepovets, and Lipetsk), the contributed ex-
cess risk varied within close ranges and
amounted to approximately 5.0 + 2.6 % over
the test period. A detected correlation between
daily fluctuations in the growth in COVID-19
incidence and air pollution in Bratsk was sub-
stantially more intense and amounted to ap-
proximately 33 %. This unexpected large re-
sult requires confirmation based on a more de-
tailed analysis of modeled data.

Combined multi-component exposure to
chemicals results in an authentic growth in
medical and demographic losses even if con-
centrations of specific chemicals conform to
hygienic standards. Standards for permissible
emissions should be treated as the first obliga-
tory stage in making the living environment
truly safe, but in future there should be further
actions aimed at minimizing pollution and
population health risks.

The present research allowed testing some
methodological approaches to detect fluctua-
tions in COVID-19 incidence associated with
air pollution. It seems advisable to accomplish
similar studies using more complete data col-
lected over a longer period of time, including
examinations focusing on mortality due to
COVID-19, especially among urban popula-
tions in Russia and beyond.

Studies on the efficiency of vaccination
against SARS-CoV-2 and post-vaccination
immunity persistence among people living un-
der different environmental conditions should
become another significant trend in future
research.

The combination of epidemiologic trends
and biomedical examinations that concentrate
on the efficiency of SARS-CoV-2 vaccination
can provide a scientific information base for
the optimal management of environmental
quality and population health risks; among
other things, it helps prevent and control nega-
tive outcomes during complicated sanitary
epidemiologic situations.
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