Journal of the Georgian Geophysical Society, e-ISSN: 2667-9973, p-ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 26(2), 2023, pp. 57 - 64

Results of a Study on the Impact of Surface Ozone Concentration on
the Spread of COVID-19 in Thilisi

!Avtandil G. Amiranashvili, 2°Nino D. Japaridze, 1Jumber F. Kharchilava,
34Ketevan R. Khazaradze, *Aza A. Revishvili

IM. Nodia Institute of Geophysics of lv. Javakhishvili Thilisi State University, 1 M Alexsidze Str 0160, Thilisi, Georgia,
avtandilamiranashvili@gmail.com
2Thilisi State Medical University, Tbilisi, Georgia
3Ministry of Internally Displaced Persons from Occupied Territories, Labour, Health and Social Affair of Georgia,
Thilisi, Georgia
4Georgian State Teaching University of Physical Education and Sport, Thilisi, Georgia

ABSTRACT

The results of a study of the influence of diurnal values of surface ozone concentration (SOC) on the infection positivity
rate with coronavirus COVID-19 (IR) of the population of Thilisi from October 8, 2020 to May 31, 2021 are presented.
It was found that IR values are inversely correlated with SOC. For example, at ozone concentrations from 0 to 20 mcg/m?®
values of COVID-19 Infection Rate on average was 18.5 %, whereas with SOC values from 80 to 100 mcg/m? — only
2.3%. Connection daily values of IR with SOC has an inverse linear form. IR = -0.2307-SOC + 20.543 for individual
cases; IR =-0.2113-.SOC + 19.756 for averaged values of IR in different ranges of SOC values.

Key Words: surface ozone concentration, COVID-19, infection positive rate.

Introduction

Four years have passed since the outbreak of the new coronavirus (COVID-19) in China, which was
recognized on March 11, 2020 as a pandemic due to its rapid spread in the World [1]. During this period of
time, despite the measures taken (including vaccination), several strains of this virus appeared. The overall
level of morbidity and mortality is currently declining significantly, although in many countries of the world
it remains quite high.

According to [2] globally, the number of new cases increased by 52% during the 28-day period of 20
November to 17 December 2023 as compared to the previous 28-day period, with over 850 000 new cases
reported. The number of new deaths decreased by 8% as compared to the previous 28-day period, with over
3000 new fatalities reported. As of 17 December 2023, over 772 million confirmed cases and nearly seven
million deaths have been reported globally.

During the period from 13 November to 10 December 2023, over 118 000 new COVID-19
hospitalizations and over 1600 new intensive care unit (ICU) admissions have been recorded with an overall
increase of 23% and 51% respectively amongst the countries reporting consistently within the current and past
reporting periods.

As of 18 December 2023, JN.1, a sub-lineage of BA.2.86 Omicron variant has been designated a
separate variant of interest (VOI) apart from its parent lineage BA.2.86 due to its rapid increase in prevalence
in recent weeks. Globally, EG.5 remains to be the most reported VVOI.

Regarding Georgia, from February 27, 2020 to September 30, 2022 in this country 1785137 new cases
of COVID-19 infection were registered; died - 16912 people. Due to the sharp decline in coronavirus infection
in Georgia after September 30, 2022, official statistics on COVID-19 are not published [3].

Researchers and specialists in various fields of sciences from all over the world, together with
epidemiologists and doctors, have engaged in intensive research into this unprecedented phenomenon
(including in Georgia [3-11]), providing them with all possible assistance. In particular, in our early work [10]
it was noted that in 2021, work on statistical analysis, forecasting, systematization of forecasts, spatio-temporal
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modeling of the spread of the new coronavirus, etc. is actively continuing. Similar work continues in 2022 [11-
14]. Our latest work [15] presents the results of a statistical analysis of daily, total by day of the week and
monthly data on officially registered deaths from the new coronavirus COVID-19 in the countries of the South
Caucasus (Armenia, Azerbaijan, Georgia). from March 12, 2020 to May 31, 2022 are presented.

A significant number of papers are devoted to studies of the influence of various meteorological factors
(included surface ozone) on the COVID-19 pandemic [15-31].

In our last papers [23,24] results of a study of the influence of diurnal values of separate components
of simple thermal indices (temperature and air relative humidity, wind speed) on the infection positivity rate
with coronavirus COVID-19 (IR) of the population of Thilisi from September 1, 2020 to May 31, 2021 are
presented. It was found that IR values are inversely correlated with air temperature and wind speed, and
positively correlated with air relative humidity. The effect of four different thermal indices (air effective
temperature and Wet-Bulb-Globe-Temperature) on the IR values averaged over the scale ranges of their
categories was studied. It has been found that an increase of the air effective temperature leads to a decrease
of the IR values. In the latter case, the level of significance of the relationship between thermal indices and IR
values is much higher than in the case of the relationship between IR and separate components of these indices.
In work [24] results of a study of the influence of diurnal values of Angstrom Fire Index (AFI, temperature
and air relative humidity combination) on the infection positivity rate with coronavirus COVID-19 (IR) of the
population of Thilisi over the same period of time are presented. It was found that an increase in AFI values
(reduction of fire danger) leads to an increase in IR. Thus, with the “Low” fire danger category, the IR value
averaged 11.5%, and with the “Extreme” category - 3.5%. The relationship between the AFIl and IR values has
the form of a second power polynomial. Thus, AFI also manifests itself as a bioclimatic indicator. In the future,
it is planned to compare AFI values with various indicators of human health.

As for the effect of ground-level ozone concentration on the spread of Covid-19, research data is
ambiguous. For example, in papers [26,27] note a direct connection between the concentration of ground-level
ozone and the spread of the covid-19 virus. In the works [28-31] note the presence of a feedback between
ozone and the spread of the Covid-19 viral infection.

In the work [30] shown, that as of September 10, 2020, over 70,000 cases and over 2,000 deaths have
been recorded in Poland. Of the many factors contributing to the level of transmission of the virus, the weather
appears to be significant. In this work authors analyze the impact of weather factors such as temperature,
relative humidity, wind speed and ground level ozone concentration on the number of COVID-19 cases in
Warsaw, Poland. The obtained results show an inverse correlation between ground level ozone concentration
and the daily number of COVID-19 cases.

The results of [28] show that in four major metropolitan areas in Italy during a strict lockdown because
of COVID-19 pandemic implemented by the Italian government, COVID-19 pandemic—related infections are
slowed down by higher tropospheric ozone concentrations and eased by the atmospheric particulate. Authors
guantitatively assessed that higher levels of tropospheric ozone, already proven effective against viruses and
microbial contaminants, play a role in flagging COVID-19 pandemic transmission.

In study [31] examined the relationship between new daily cases, ground-level ozone, temperature,
relative humidity, and wind speed. Temperature was found to have the strongest correlation with new cases,
an inverse correlation. Ozone did have a significant inverse correlation with cases, but is highly autocorrelated
with temperature. The author believes that would require much more in-depth analysis techniques- and more
data- to tease out a definitive connection.

We also continue to conduct similar studies. The results of a study of the influence of diurnal values
of Surface Ozone Concentration on the infection positivity rate with coronavirus COVID-19 of the population
of Thilisi from October 8, 2020 to May 31, 2021 are presented below.

Material and methods

Data of Agency on the Environment of Georgia about the daily mean Surface Ozone Concentration
(SOC, mcg/md) for three point of Thilisi (Kazbegi av., Tsereteli av. and Varketili) during October 8, 2020 to
May 31, 2021 were used in the work [32; https://air.gov.ge/en/reports_page]. For the same days, data of
National Center for Disease Control and Public Health of Georgia about infection positivity rate with
coronavirus COVID-19 (IR) of the population of Thilisi were used (IR = Confirmed Coronavirus Cases/Test
Number, %).
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The paper compares the mean daily values of SOC with the IR values. Data analysis was carried out
using standard methods of mathematical statistics [33].

The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; St Dev - standard deviation; om — standard error; Cv = 100-St Dev/Mean — coefficient of
variation, %; R2— coefficient of determination; R — coefficient of linear correlation; a — level of significance.

The degree of correlation was determined in accordance with [33]: very high correlation (0.9 <R <
1.0); high correlation (0.7 < R < 0.9); moderate correlation (0.5 <R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R <0.3).

Results and discussion

Results in Fig. 1-4 and Table 1-2 are presented.
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Fig. 1. Time-series of SOC in Thilisi from October 8, 2020 to May 31, 2021.
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Fig. 2. Time-series of IR in Thilisi from October 8, 2020 to May 31, 2021.

In Fig. 1-2 time-series of SOC and IR in Thilisi from October 8, 2020 to May 31, 2021 are presented.
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In Table 1 statistical characteristics of daily values of SOC and IR in Thilisi for the time period under
study are presented.

Table 1. Statistical characteristics daily values of SOC and IR in Thilisi.

Variable Mean Max Min St Dev Om Cv.% Count
SOC 42.6 97.6 2.4 28.5 1.9 66.9 236
IR 10.7 45.8 0.2 12.6 0.8 117.7

In particular, as follows from Fig. 1-2 and Table 1, the range of variability of the studied parameters
is as follows: SOC — from 2.4 to 97.6 mcg/m?; IR — from 0.2 to 45.8 %. Mean value of SOC is 42.6+1.9 mcg/m?
and IR —10.7+0.8 %.

Connection daily values of IR with SOC has an inverse linear form. For individual cases IR = -
0.2307-SOC + 20.543 (R=0.52, a<0.005, moderate correlation).

In Fig. 3 data about values of COVID-19 Infection Rate under different surface ozone concentration
is presented. In Table 2 statistical characteristics of daily values of SOC and IR in Thilisi in different ranges
of SOC values are presented.
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Fig. 3. Values of COVID-19 Infection Rate under different surface ozone concentration.

Table 2. Statistical characteristics of daily values of SOC and IR in Thilisi in different ranges of SOC values.

SOC Variable Mean Max Min St Dev Om Cv (%) Count

0-20 SOC 11.7 19.9 2.4 4.4 0.5 37.6 86
IR 18.5 45.8 0.7 14.0 15 75.9
SOC 26.5 36.8 20.3 4.7 0.9 17.9

~20-40 IR 12.4 431 0.6 13.7 2.6 110.6 29
SOC 53.1 59.6 40.4 5.8 1.1 10.9

>40-60 IR 10.0 33.8 0.2 10.0 1.9 100.1 30
SOC 69.2 79.6 60.1 5.8 0.7 8.4

>60-80 IR 3.3 32.8 0.3 5.2 0.6 157.5 69
SOC 86.9 97.6 80.2 4.7 1.0 5.4

>80-100 IR 2.3 5.1 0.4 1.1 0.2 48.7 22

For example, at ozone concentrations from 0 to 20 mcg/m? values of COVID-19 Infection Rate on
average was 18.5 %, whereas with SOC values from 80 to 100 mcg/m? — only 2.3% (Fig. 3, Table 2).
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Fig. 4. Linear correlation between daily values of COVID-19 Infection Rate and Surface Ozone
Concentration in Thilisi from October 8, 2020 to May 31, 2021 (a<0.005, very high correlation).

Connection daily values of IR with SOC for averaged values of IR in different ranges of SOC values
in Fig. 4 is presented. Same as for individual cases, this connection has an inverse linear form, but with a much
higher level of correlation (very high correlation).

Thus it has been found that an increase of the Surface Ozone Concentration leads to a decrease of the
IR values (both for individual and averaged values of the studied parameters). In the latter case, the level of
significance of the relationship SOC and IR values is much higher than for the individual cases. The reason
for this (as in for thermal indexes [23-25]) may be that often with a small number of tests, overestimated IR
values obtained (testing is carried out only for visitors with coronavirus symptoms. When data are averaged
these shortcomings are smoothed out. Accordingly, the above results were obtained.

Conclusion

The spread of COVID-19 in Thilisi, as in other parts of the world, significantly depends on both
individual meteorological factors and their complexes (thermal indicators), and the level of air pollution
(including ozone concentration). As many researchers note, this dependence is often ambiguous and in many
cases is determined by local climatic and other specific conditions, the type of virus, etc. In the future, we will
continue this research both for Thilisi and for other regions of Georgia.
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BB 995©96@s 18.5%-U, beagnem SOC-0b 8608369¢™d730Lbm3z0L 80-sb 100 83p/8%-8g oy
dbmemo 2.3%. gmzgmoeow® IR 36083690wmdgdls s SOC-0l Jmol MOH0gMmMmdsl g3l
39060mbgdmo HOHB030 Bm®ds. IR = -0,2307-SOC + 20.543 06030095 Mo G9080b3939d0Lm30U;
IR = -0,2113-SOC + 19.756 - ULodwoerem IR 8609369mdgdolbomgol SOC-ob 3603369wmdgd0l
Lbgoalibgs os3sBmbdo.

153356dm LoGyzgdo: dofioldocs mbBmbols 3bi39bEGHGsE0s, COVID-19, s©gdom™dol dsB39bgdgero.

Pe3yabTaThl HCCICAOBAHUS BJUSHUA KOHLUEHTPALMH IPU3EMHOI0
030Ha Ha pacnpocrpanenne COVID-19 B Tonaucu

A.I'. AmupanamBuian, H.JI. lxanapun3ze, :xx. ®@. Xapuuniasa,
K.P. Xa3zapanse, A. A. PeBumBuiiu

Pe3rome

[pencraBieHsl pe3ynbTaThl KCCIeJOBAHUS BIUSHHS CYTOYHBIX 3HAYEHUH KOHIICHTPAIMH TPU3EMHOT0 030Ha
(SOC) na mokazarens moyoXUTeTbHOCTH HMHUIMpoBaHUsT kKopoHaBupycom COVID-19 (IR) nacenenwms
ropoja Townwmcu 3a nepuox ¢ 8 oktsiops 2020 rona mo 31 mas 2021 roga. beiio oO0HapyX)eHO, YTO 3HAYCHUS
IR o6parno xoppemupyior ¢ SOC. Hanpumep, npu koHnentpanusax o3oHa ot 0 g0 20 Mxr/m® mokasarens
MOJIOKUTEIbHOCTH HHDUIIMpOoBaHus KopoHaBupycom COVID-19 B cpennem cocransit 18.5 %, Torma kak npu
snauenusax SOC ot 80 go 100 mxr/m® — Beero 2.3%. Casasb cyTounbix 3Hauenuil IR ¢ SOC nmeeT 06paTHyIO
nmuHelnHyo dopmy. IR = -0.2307-SOC + 20.543 mns otnenbHbIx ciydaes; IR = -0.2113-SOC + 19.756 nns
ycpenHeHHbIX 3HadeHni IR B pa3Hpix auanazonax 3nauenuit SOC.

KiroueBble cioBa: KOHICHTpaLus pu3eMHOro o3ona, COVID-19, mokasareb MoJI0KUTEIILHOCTH.
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