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Aim: to compare statistical data on the frequency of COVID-19 and deaths from it with the ozone content in the sur-
face atmosphere of Moscow in the summer of 2021.

Materials and methods. We used data on the frequency of daily COVID-19 cases and mortality from COVID-19 in
Moscow in 2020-2021 published by Rospotrebnadzor. Data on the ozone content in the surface layer of the atmo-
sphere were obtained by an automatic monitoring station using a chemiluminescent analyzer.

Results. The waves of high frequency of COVID-19 cases and mortality from COVID-19 in Moscow in the summer
of 2021 were compared with abnormally high concentrations of ozone in the surface atmosphere of the megalopolis.
Variations of these parameters were found to be markedly correlated. The coefficients of correlation of the COVID-19
cases and mortality with the concentration of ground-level ozone were 0.59 (p < 0.01) and 0.60 (p < 0.01), respectively.
Conclusion. The observed noticeable relationship may be due to the combined pathological effect of high con-
centrations of ozone and the SARS-CoV-2 on the respiratory and circulatory organs, which can lead to both easier
transmission of infection and a more severe course of the disease with increased mortality.
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Koppensuusa 4acTtotbl 3apa)xeHnin u cmeptHoctn ot COVID-19 ¢ aHOMasibHO BbICOKUM
coaepXxaHmem 030Ha B npusemMHoit atmocdepe Mockebl netom 2021 ropa
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Llenb: NpoBECTM CONOCTaBNEHNE CTATUCTUYECKNX AAHHbIX O YaCTOTE 3apaxeHuii n cmeptHocTn ot COVID-19 ¢ co-
JepXaHvem 030Ha B NpusemHor atmocdepe Mocksbl netom 2021 roga.

MaTepuanbl u MeToAbl. ICN0Nb30BaHbl 0OduULMaNbHbIE JAHHBIE MO YACTOTE EXEOHEBHOW 3apaXaeMOCTU 1 CMepPT-
HocTu oT COVID-19 B Mockge B 2020-2021 ropax, ny6nvkyemble PocnotpebHan3opom. [JaHHble N0 coaepyKaHnio
030Ha B NPM3EeMHOM Cioe aTtMocdepbl NONyYEHbl aBTOMATUYECKOWN CTaHLMEN MOHUTOPUHIA C MOMOLLBIO XEMOJIIO-
MWHECLLEHTHOrO aHanmM3aropa.

Pe3ynbraTbl. [IpOBEOEHO COMOCTaBAEHME BOJIH BbICOKOW 4acToThbl 3apaxeHunn SARS-CoV-2 n cmepTHOCTU
ot COVID-19 B Mockse netom 2021 roga ¢ aHOMasibHO BbICOKMMUW KOHLLEHTPALMAMM 030HA B NPM3eMHON aTMocdhe-
pe meranonuca. Bapnauum aTmx napameTpoB 0KasanMcCb 3aMETHO KOPPENMPOBAHHbIMU. KoaddurumneHTsl koppens-
LI YaCTOTbl 3apaXXeHUn U CMEPTHOCTW C KOHLIEHTPALMEN MPU3EMHOro 03oHa coctasunm 0,59 (p < 0,01) n 0,60 (p <
0,01) cooTBEeTCTBEHHO. BbIBOAKI: HAbNOAAEMAsA B3aNMOCBA3b MOXET OblTb 00YCII0B/IEHA COYETAHHbLIM MATONIOrNYe-
CKVUM OENCTBUEM BbICOKUX KOHLIEHTpauunii o3oHa 1 Bupyca SARS-CoV-2 Ha opraHbl AbIXxaHus U KpOBOOOpaLLEHUS,
4YTO MOXET NPUBOAMTL Kak Kk 6osee nerkom nepegade MHeKUUKM (3apaxaeMocTI), Tak U K 6oiee TAKENOMY TEHEHWIO
3ab60/1eBaHUS U MOBbILLEHVIO CMEPTHOCTN.
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KnioueBble cnoBa: npma3emMHblii 030H, naHaemus COVID-19, SARS-CoV-2, yacToTa 3apaxeHuil, CMEPTHOCTb
KoHdNUKT MHTEepecoB: aBTopbl 3asBASIOT 06 OTCYTCTBUN KOHMINKTA UHTEPECOB.

Ans untuposanus: CrenaHos E.B., AHgpees B.B., Yynpos [.B., MBawkunH B.T. Koppensuna 4acTtoTbl 3apaXeHuii 1 CMEPTHOCTU
oT COVID-19 ¢ aHOMasnbHO BbICOKMM CofepXaHreM 030Ha B npraemHoi atmocdepe Mocksbl ietom 2021 roga. Poccuiickunin xxypHan
racTpPO3HTEePOSIorMK, renaTonoruu, kononpoktonorun. 2022;32(3):18-22. https://doi.org/10.22416/1382-4376-2022-32-3-18-22

Introduction

The problem of atmospheric air quality influence
on the development of the COVID-19 pandemic, vi-
rus transmission, rate of coronavirus cases, severity
of the disease, and risk of death has received a lot of
attention in recent scientific publications [1—7]. A
number of special studies have been carried out in
this area. Nitrogen oxides NO,, NO, ozone O,, CO,
aerosols and dust particles of various sizes PM2.5
and PM10 [1, 3, 6] are considered as the main fac-
tors polluting the atmospheric air, which could af-
fect the spread of infection as well as the severity
of the COVID-19 disease. They are considered the
most harmful and dangerous to humans and appear
in the urban air mainly as a result of the operation of
automobile transport. The results of these studies did
not give an unambiguous answer to the question of pos-
sible dangerous relationships between the purity of the
surrounding air and the COVID-19 cases [5], since the
phenomena under consideration depend on many ver-
satile and difficult to take into account factors (global,
local, personal, external and internal). Therefore, this
problem requires further study.

With this report, we want to once again draw at-
tention to the possible impact of high concentrations
of ozone in the surface atmosphere of a metropolis on
the spread of SARS-CoV-2 infection, infection rates
and mortality associated with COVID-19. It is known
that ozone is a strong oxidizing agent and its high con-
centrations in the inhaled air increase the risk of diseas-
es of the respiratory, cardiovascular and nervous sys-
tems [8, 9]. A strong relationship has been established
between cases of pneumonia and overall mortality with
the level of ozone in the environment [10—17]. At the
very beginning of the pandemic, when all the features
of the pathological effect of the SARS-CoV-2 virus on
the body were not yet known exactly, we suggested
that a combined pathological effect of the virus and
high concentrations of ozone in the inhaled air is possi-
ble [18]. This hypothesis was based on the most general
considerations taking into account the fact that both
SARS-CoV-2 and ozone similarly adversely affect the
respiratory system, blood vessels and the blood system.
This article has listed the main pathogenetic properties
of ozone. Moreover, an increase in the frequency of se-
vere pneumonia and mortality caused by SARS-CoV-2
in Moscow in the summer period was predicted in case
of a significant rise of ambient temperature and solar
activity as these factors causes an increase in the ozone
content in the surface atmosphere.

Obviously, the laboratory study of a combined effect
of the SARS-CoV-2 and ozone molecules on a subject is
not possible for ethical reasons. However, it is possible
to compare statistical data on the frequency of SARS-
CoV-2 cases and deaths from COVID-19, accumulated
over the years of the pandemic, with data of air quality
monitoring. We used this approach to study the prob-
lem for Moscow case.

The purpose of the study: to compare statistical
data on the frequency of COVID-19 and deaths from
it with the ozone content in the surface atmosphere of
Moscow in the summer of 2021.

Materials and methods

For the analysis, we used data on the frequen-
cy of daily COVID-19 cases and mortality from
COVID-19 in Moscow in 2020—2021 published
by Rospotrebnadzor [19]. Data on the ozone content
in the surface layer of the atmosphere of Moscow
were obtained in our laboratory for monitoring the
quality of the atmosphere at the Peoples’ Friendship
University of Russia [20, 21]. The monitoring sta-
tion is located in the center of Moscow, within the
third transport ring, at Ordzhonikidze str., 3. The
measurement of ozone concentration in the surface
atmosphere was carried out at the station using a
commercially available 3.02IT-A chemiluminescent
analyzer manufactured by the instrument-making
company OPTEK LLC, St. Petersburg, Russia. The
sensitivity of the analysis is 1 mg/m?, the frequency
of data output is 1 time per minute. This analyzer is
certified in the Russian Federation as a measuring
instrument.

The time series of daily cases on infection and
mortality as well as the data on ozone concentra-
tion used for the comparison were not subjected to
any preliminary statistical processing. Daily data on
infection and mortality are compared with the maxi-
mum daily surface concentrations of ozone. The cor-
relation coefficient between data series is calculated
using standard methods.

Results and discussion

The results of comparing the frequency of dai-
ly COVID-19 cases and mortality from it with the
ozone content in the surface atmosphere of Moscow in
the summer of 2021 are shown in Figures 1 and 2.
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Fig. 1. A — the frequency of daily COVID-19 Fig. 2. A — mortality associated with SARS-CoV-2

cases in Moscow in the summer of 2021 according
to Rospotrebnadzor [19]; B — current surface ozone
in the central district of Moscow,

concentration
Ordzhonikidze str., 3

Figure 1 compares the frequency of daily SARS-
CoV-2 cases and the current ozone content in
the surface layer of the atmosphere in Moscow in

the spring and summer of 2021, during the passage

of the third wave of the pandemic caused by the
delta strain of the virus. Note that the content of

surface ozone in the summer of 2021 in Moscow was

abnormally high. This was due to the peculiarities of
the meteorological situation, which led to a warm,

dry spring and a hot summer. These conditions were
optimal for the formation of ozone in the surface
atmosphere of the metropolis, polluted during the

lockdown mainly by car emissions. There is a no-
ticeable relationship between the frequency of daily
COVID-19 cases and ozone concentration, the cor-

relation coefficient was ~0.59 (p < 0.01). A possible

causal relationship between the frequency of SARS-
CoV-2 infections and the ozone content in the am-
bient air is not obvious due to the large number of
factors that can influence the processes under study.
The observation of the same positive relationship be-

tween these parameters was reported in [5]. At the
same time, the authors of [5] initially assumed that
the increased content of ozone in the air would, on

the contrary, help to reduce the frequency of infec-

tions, since ozone has a detrimental effect on the
viruses themselves.

Figure 2 compares mortality associated with
SARS-CoV-2 infection and maximum daily surface
ozone concentrations in the center of Moscow from

April to September 2021. A sharp jump in mortality

infection in Moscow in the summer of 2021 according
to Rospotrebnadzor data [19]; B — maximum daily
surface ozone concentration in the central district
of Moscow, Ordzhonikidze str., 3

associated with COVID-19 is visible in the second
half of June, which coincides in time with the pas-
sage of two heat waves through Moscow. At this time,
the maximum daily temperatures reached 35 °C and
the maximum daily ozone concentrations increased
to 0,48 mg/m?). It should be noted that before the
passage of summer waves of especially high ozone
concentrations, the ozone content in the Moscow air
was also abnormally high. This could have an ad-
ditional chronic effect on the health of the popula-
tion, increasing oxidative stress, reducing the level
of immune defense, and contributing to the devel-
opment of systemic inflammation. A possible causal
relationship between mortality from COVID-19 and
the ozone content in the ambient air seems more ob-
vious and can be attributed to the effect of the com-
bined influence of the two factors acting on the body,
which was discussed earlier [18].

Our study has several limitations. The offi-
cial data on infection and mortality cases from
COVID-19 in Moscow in 2020—2021 published
by Rospotrebnadzor and used for comparison have
a certain conventionality and reliability. The ozone
content in the surface atmosphere of Moscow was
estimated on the basis of local data obtained in one
of the city areas. At the same time, it should be tak-
en into account that the field of ozone distribution
in the surface layer of the megalopolis atmosphere
is non-uniform and the dose of the studied toxic ef-
fects on Moscow residents could depend on the area
of their residence.
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Conclusion

Thus, in the summer of 2021, during the COVID -19
pandemic in Moscow, a rare combination of the spread
of a new wave of SARS-CoV-2 infection (the delta
strain) and meteorological conditions conducive to the
formation of abnormally high surface ozone concen-
trations was observed. In addition to the high fre-
quency of Coronavirus cases at that time, Moscow
also recorded the highest mortality due to this vi-
rus during the pandemic. Time variations of surface
ozone concentrations, cases frequency and mortali-
ty from COVID-19 having wave-like pattern were
found to be markedly correlated. The correlation
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