Journal of the Georgian Geophysical Society, ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 22(2), 2019, pp. 55 - 62

Statistical Characteristics of Aerosol Pollution of Atmosphere in
Three Points of Thbilisi in 2017-2018

Darejan D. Kirkitadze

Mikheil Nodia Institute of Geophysics of lvane Javakhishvili Thilisi State University, Thilisi, Georgia
1, M. Alexidze Str., 0160, Thilisi

ABSTRACT

The statistical characteristics of the weight concentrations of aerosols (particulate matter PM2.5 and PM10) in three
points of Thilisi city (A. Kazbegi av., A. Tsereteli av. and Varketili) in 2017-2018 are represented. The data of National
Environmental Agency of Georgia about the hourly values of PM2.5 and PM10 are used. In particular, it is obtained
that the greatest average annual values of PM2.5 on the A. Tsereteli av. were observed (24.9 ug/m® the range of the
change: 0-440 ug/m?), smallest - on A. Kazbegi av. (16.6 ug/m> the range of the change: 0-494 ug/m3). The greatest
average annual values PM10 also on. A. Tsereteli av. were observed (57.2 ug/m’ the range of the change: (-553
ug/m3), smallest - in Varketili (37.4 ug/m’ the range of the change: 0-319 ug/m?>).

It is obtained, that the value of the linear correlation coefficient between the hourly values PM2.5 and PM10 on all
points sufficiently high and changes from 0.77 to 0.89. The value of the correlation coefficient between the hourly
values of PM2.5 between the points changes from 0.64 to 0.73, and PM10 - from 0.49 to 0.60.

The correspondence of values of PM2.5 and PM10 at the indicated points of Thilisi city to the standards of WHO is
examined.
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Introduction

At the M. Nodia Institute of Geophysics for many decades has been conducting research on
atmospheric aerosols (including radioactive ones) and their properties [1,2]. In particular, some theoretical
studies of the structure of atmospheric aerosols, their optical properties, distribution in the atmosphere, etc.
are presented in [3-9]. The results of experimental laboratory studies of the processes of washing out
aerosols, their ice-forming properties, etc. are presented in [10, 11]. Particular attention is paid to full-scale
studies of mineral and secondary aerosols (stationary monitoring of solid particles and secondary aerosols in
the surface atmosphere [10, 12-17], aircraft research of mineral aerosols in the lower troposphere [1,2,18-
20], mobile monitoring of aerosols in Thilisi [15], data analysis of stationary ground-based remote and
satellite monitoring of the aerosol optical depth of the atmosphere [15,21-29], radar monitoring of large dust
formations in the atmosphere [30,31]).

In recent years, in Georgia, the Environmental Agency, in accordance with international standards,
began monitoring particulate matter with a diameter of <2.5 um (PM2.5) and <10 um (PM10). This paper
presents the results of a statistical analysis of hourly data of PM2.5 and PM10 values at three points in the
city of Thilisi in 2017 and 2018.
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Study area, material and methods

Study area — three locations of Thilisi. In Table 1 coordinates and locations of air pollution
measurements points in Thilisi are presented.

Table 1
Coordinates of air pollution measurements points in Thilisi
No Location Location, Abbreviation Latitude, N° Longitude, E° H, m
1 Varketili VRKT 41.699947 44871611 518
2 | A. Kazbegi av. KZBG 41.724767 44.752956 467
3 | A Tsereteli av. TSRT 41.742539 44.779069 423

The hourly data of Georgian National Environmental Agency about the dust concentration
(atmospheric particulate matter - PM2.5 and PM10) in three points of Thilisi city are used
[http://air.gov.ge/reports_page]. Period of observation: January 1, 2017- December 31, 2018

The data analysis with the use of standard statistical methods was conducted [32]. The following
designations will be used below: Mean — average values; Min — minimal values; Max - maximal values;
Range = Max-Min; St Dev — standard deviation; om - standard error ; Cv = 100-St Dev/Mean, coefficient of
variation (%); Count - the number of measurements; R — coefficient of linear correlation; 99% Low and 99%
Upp — 99% confidence interval of lower and upper calculated level accordingly. The difference between the
mean values of PM with the use of Student's criterion was determined (level of significance a is not worse
than 0.1).

In the correspondence with the standards of the World Health Organization maximum permissible

concentration (MPC) composes: annual mean for PM2.5 - 10 ug/m? and for PM10 - 20 pg/m? [33].
Table 2 verbal description of the level of aerosol pollution of the atmosphere (so-called PM Index)
depicts [Air quality index - http://air.gov.ge/en/pages/11/11].

Table 2
PM Index
Pollutants Good Fair Moderate Poor Very Poor
Particle less Fh'\z/llrf .25.5 pm, pg/m? 0-10 10-20 20-25 25-50 50-800
Particle less Fh'\:iol 0 pm, pg/m’ 0-20 20-35 35-50 50-100 | 100-1200

Results and discussion
Results in Tables 3-5 and Fig. 1-2 are presented.

Data analysis of PM2.5 values (Table 3, Fig. 1)

As it follows from Table 3, mean annual values of PM2.5 in each year of observations at all three
stations differ from each other (a<0.1). In 2018 in comparison with 2017 mean annual value of PM2.5 in
Varketili they did not change, whereas in two remaining points the level of the air pollution somewhat
decreased. The smallest mean annual values of PM2.5 are observed on A. Kazbegi av. (17.3 and 16.6 to
ng/m? respectively into 2017 and 2018), and greatest - on A. Tsereteli av. (24.9 and 22.8 pug/m?® respectively
into 2017 and 2018).
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Range of a change in the hourly values of PM2.5 in two years of observation - from 0 to 494 to
png/m*. Changeability in the time of hourly values of PM2.5 is sufficiently high (Cv changes from 68.5 to

91.3 % in 2017 and from 72.3 to 80.7 % in 2018).

The value of the coefficient of linear correlation between the observation points into 2017 and 2018
covers the range 0.64+0.73 (or, in the correspondence with the Chaddock scale correlation - “noticeable”).
For all three points of measurement both into 2017 and in 2018 the average annual values of PM2.5 are
above maximum permissible concentration for the indicated type of aerosols in the correspondence with the
standards of WHO [33].

Table 3

Statistical characteristics of hourly values of PM2.5 at three points of Thilisi in 2017 and 2018 (ng/m?)

Parameter PM2.5
Year 2017 2018
Location VRKT KZBG TSRT VRKT KZBG TSRT
Mean 18.9 17.3 24.9 18.8 16.6 22.8
Min 0 0 0 0 0 0
Max 214 494 247 166 283 440
Range 214 494 247 166 283 440
St Dev 17.2 14.5 17.0 14.9 13.4 16.5
om 0.20 0.16 0.20 0.16 0.15 0.18
Cv (%) 91.3 83.7 68.5 78.9 80.7 72.3
Count 7749 7751 7513 8483 8400 8434
99% Low 18.4 16.8 24.3 18.4 16.2 22.3
99% Upp 19.4 17.7 25.4 19.2 17.0 23.3
Correlation Matrix Correlation Matrix
VRKT 1 0.64 0.73 1 0.64 0.71
KZBG 0.64 1 0.64 0.64 1 0.72
TSRT 0.73 0.64 1 0.71 0.72 1
45,0
40,0
35,0
30,0
25,0
S
20,0
15,0
10,0
5,0 .
0,0 .
Good Fair Moderate Poor Very Poor
VRKT 33,3 37,1 8,6 15,6 54
m KZBG 32,9 43,2 8,4 12,9 2,7
BTSRT 16,6 34,1 15,6 27,0 6,6

Fig.1. Repetition of PM2.5 Index in three point of Thilisi in 2017-2018 (%)

Fig. 1 presents the data about the repetition of hourly values of PM2.5 in two years of measurements
for three points of Thilisi into the correspondence with the scale of PM Index (Table 2). As follows from
this Fig. the repetition of values of PM2.5 in the range “Poor= Very Poor” is following: in Varketili - 21 %,
on A. Kazbegi av. - 15.6 %, on A. Tsereteli av. - 33.6 %.
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Data analysis of PM10 values (Table 4, Fig. 2)

The statistical characteristics of hourly values of PM10 for three points of Thilisi in Table 4 are
presented. As it follows from this Table, mean annual values of PM10 in each year of observations at all
three stations differ from each other (a<0.1). In 2018 in comparison with 2017 mean annual values of PM10
in Varketili and on A. Kazbegi av. somewhat grew, whereas on A. Tzereteli av. - they decreased. The
smallest mean annual values of PM10 are observed in Varketili (37.4 and 38.1 pg/m? respectively into 2017
and 2018), and greatest - on A. Tsereteli av. (57.2 and 51.2 pg/m® respectively into 2017 and 2018).

Table 4
Statistical characteristics of hourly values of PM10 at three points of Thilisi in 2017and 2018 (ug/m?)

Parameter PM10
Year 2017 2018
Location VRKT KZBG TSRT VRKT KZBG TSRT
Mean 374 39.8 57.2 38.1 421 51.2
Min 0 0 0 0 0 0
Max 258 835 540 319 792 553
Range 258 835 540 319 792 553
St Dev 29.7 28.4 36.7 27.5 35.9 33.7
om 0.34 0.32 0.42 0.30 0.39 0.37
Cv (%) 79.4 71.4 64.2 72.2 85.2 65.7
Count 7749 7751 7513 8483 8399 8434
99% Low 36.5 38.9 56.1 37.3 411 50.3
99% Upp 38.2 40.6 58.3 38.8 43.1 52.2
Correlation Matrix Correlation Matrix
VRKT 1 0.54 0.58 1 0.49 0.60
KZBG 0.54 1 0.60 0.49 1 0.51
TSRT 0.58 0.60 1 0.60 0.51 1
40,0
35,0
30,0
25,0
X 20,0
15,0
10,0
5,0 I
0,0 .
Good Fair Moderate Poor Very Poor
VRKT 29,1 29,1 19,8 18,1 3,9
m KZBG 20,1 31,5 22,9 22,4 3,1
B TSRT 11,9 19,5 22,4 37,9 8,2

Fig.2. Repetition of PM10 Index in three point of Thilisi in 2017-2018 (%)
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Range of a change in the hourmu values of PM10 in two years of observations - from 0 to 835 pg/m”.
Changeability in the time of hourly values of PM10 (as PM2.5), also the sufficiently is high (Cv changes
from 64.2 to 79.4 % in 2017 and from 65.7 to 72.2 % in 2018).

The value of the coefficient of linear correlation between the observation points into 2017 and 2018
covers the range 0.49+0.60 (or, as in the case with PM2.5 — “noticeable” correlation).

For all three points of measurement both into 2017 and in 2018 the mean annual values of PM10 (as
PM2.5) are above maximum permissible concentration for the indicated type of aerosols in the
correspondence with the standards of WHO [33].

Fig. 2 presents the data about the repetition of hourly values of PM10 in two years of measurements
for three points of Thilisi into the correspondence with the scale of PM Index (Table 2). As follows from
this Table the repetition of values of PM10 in the range “Poor + Very Poor” are following: in Varketili - 22
%, on A. Kazbegi av. - 25.5 %, on A. Tsereteli av. - 46.1 %.

The comparison of the data about the repetition of hourly values of PM2.5 and PM10 shows that the
level of the air pollution by both types of aerosols in the range “Poor + Very Poor” in Varketili is
approximately identical (21 and 22 % respectively), whereas on A. Kazbegi av. and A. Tsereteli av. the level
of air pollution by particles with the diameter <2.5 um, it is lower than by coarse dispersed aerosols
(respectively: 15.6 and 25.5 % on A. Kazbegi av. and 33.6 and 46.1 % on A. Tsereteli av..

Table 5
Linear correlation between PM2.5 and PM10 at three points of Thilisi in 2017 and 2018
Year 2017 2018
Location VRKT KZBG TSRT VRKT KZBG TSRT
R 0.89 0.77 0.79 0.87 0.79 0.85

Finally, Table 5 presents the data about coefficients of linear correlation between the hourly values
of PM2.5 and PM10 for each point of measurement. As it follows from this Table, values of R in 2017-2018
cover the range 0.77+0.89 (or, in the correspondence with the Chaddock scale correlation — ““strong”).

Conclusion

As is known, air pollution in Thilisi leads to a considerable increase in the mortality of the population
of this city [15]. Last studies showed that Georgia (after Serbia) is found in the second place in Europe
according to the indices of mortality because of air pollution [https://www.cei.int/ansa/76693]. Therefore,
over the long term is planned the more detailed study of the aerosol pollution of the atmosphere, in
particular, conducting the statistical analysis of monthly, daily, day and night variations in the values of
PM2.5 and PM10 for Thilisi and other cities of Georgia.
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CraTucrnyeckue XapakTepuCTUKH a3P030J1bHOT0 3arPsA3HEHUA
aTmoc@epsl B Tpex nyHkTax Tomaucu B 2017-2018 rr.

JA.Jd. Kupkuranse

Pe3rome

[IpencraBneHsl CTaTHCTUYECKHE XapaKTEPUCTHKH BECOBBIX KOHIIEHTpanuid asposonedd (PM2.5 u PM10) B
Tpex myHKTax ropoma Towmmucu (mp. A. Kasberm, mp. A. Ileperenmu u Bapkermnmm) B 2017-2018 1T
Hcnonp3oBaHbl JaHHBIE HAITMOHATHHOIO areHTCTBA 110 OKPYXKAIOIIEH cpelie 0 YacoBbIX 3HaUeHusIXx PM2.5 u
PM10. B wactHoCTH, TOTY4€HO, YTO HaUOOJIbIIKE CPEAHET010BbIC 3HaUeHUsS PM2.5 HaOI01aaKMCh B IIYHKTE
Ha mp. A. Ieperemn (24.9 mxr/v®, muanason msmenenns: 0-440 mkr/m®), Hanmensinne — Ha mip. A. Kas6ern
(16.6 Mxr/™°, nmamason m3MeHenus: 0-494 wmkr/m°). HamGomsiume cpemmeromoBsie 3Hauenus PM10
HaGmoamch Taroke Ha mp. A. Lleperenu (57.2 MKr/M°, nuamason n3menenus: 0-553 MKr/M°), HAHMEHBIIHE
— B Bapkernmn (37.4 mkr/m®, nuarason m3menenust: 0-319 Mxr/md). ITomrydeHo, 94TO BeMMYMHA TUHEWHOTO
KO3 PUIEHTa KOPPENSAIIUN MEXAY 9acoBbIMU 3HaudeHmsME PM2.5 u PM10 Ha BceX IMyHKTax AOCTaTOYHO
Boicokags u MeHserca or 0.77 mo 0.89. Bemmumna xodddummeHTa KOppemsimud MeXKIy YaCOBBIMHU
sHadeHussMu PM2.5 mexy myrkramu mensiercst ot 0.64 1o 0.73, a PM10 — ot 0.49 no 0.60.

Paccmotpeno coorBercTBue 3HaueHuit PM2.5 1 PM10 B Tpex mynkrax ropoaa Tommmcn Hopmam BMO.
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