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 ABSTRACT 

 

The statistical characteristics of the weight concentrations of aerosols (particulate matter PM2.5 and PM10) in three 

points of Tbilisi 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 μg/m³, the range of the 

change:  0-440 μg/m³), smallest -  on A.  Kazbegi av. (16.6 μg/m³, the range of  the change:  0-494 μg/m³).  The greatest 

average annual values PM10 also on. A.  Tsereteli av. were observed (57.2 μg/m³, the range of the change:  0-553 

μg/m³), smallest - in Varketili (37.4 μg/m³, the range of the change:  0-319 μg/m³).  

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 Tbilisi 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 Tbilisi [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 m (PM2.5) and ≤10 m (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 Tbilisi in 2017 and 2018.  
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Study area, material and methods 

 

Study area – three locations of Tbilisi. In Table 1 coordinates and locations of air pollution 

measurements points in Tbilisi are presented. 

 

Table 1 

Coordinates of air pollution measurements points in Tbilisi 

No Location Location, Abbreviation Latitude, N° Longitude, E° H, m 

1 Varketili VRKT 41.699947 44.871611 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 Tbilisi 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; σm - 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 α 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 g/m³ and for PM10 - 20 g/m³ [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 

PM2.5 

Particle less than 2.5 μm, g/m³ 
0-10 10-20 20-25 25-50 50-800 

PM10 

Particle less than 10 μm, g/m³ 
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 (α≤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 

μg/m³ respectively into 2017 and 2018), and greatest - on A. Tsereteli av. (24.9 and 22.8 μg/m³ respectively 

into 2017 and 2018).   

http://air.gov.ge/reports_page
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=2ahUKEwjUg9al6_rfAhVLaFAKHV1eBnYQFjAGegQICBAB&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FWorld_Health_Organization&usg=AOvVaw19QP_9Sn5DaTOJMnu7iB2I
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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 

μg/m³.  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 Tbilisi in 2017 and 2018 (μg/m³) 

 

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 

σm 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 

  

 
 

Fig.1. Repetition of PM2.5 Index in three point of Tbilisi 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 Tbilisi 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 %.   

Good Fair Moderate Poor Very Poor 

 VRKT 33,3 37,1 8,6 15,6 5,4 

 KZBG 32,9 43,2 8,4 12,9 2,7 

TSRT 16,6 34,1 15,6 27,0 6,6 

0,0 

5,0 

10,0 

15,0 

20,0 

25,0 

30,0 

35,0 

40,0 

45,0 

%
 



58 
 

 

 

Data analysis of PM10 values (Table 4, Fig. 2) 
 

The statistical characteristics of hourly values of PM10 for three points of Tbilisi 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 (α≤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 μg/m
3
 respectively into 2017 

and 2018), and greatest - on A. Tsereteli av. (57.2 and 51.2 μg/m
3
 respectively into 2017 and 2018).   

 

Table 4 

Statistical characteristics of hourly values of PM10 at three points of Tbilisi in 2017and 2018 (μg/m³) 

 

Parameter PM10 

Year 2017 2018 

Location  VRKT  KZBG TSRT  VRKT  KZBG TSRT 

Mean 37.4 39.8 57.2 38.1 42.1 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 

σm 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 41.1 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 

 

 

 

 
 

Fig.2. Repetition of PM10 Index in three point of Tbilisi in 2017-2018 (%) 

 

Good Fair Moderate Poor Very Poor 

 VRKT 29,1 29,1 19,8 18,1 3,9 

 KZBG 20,1 31,5 22,9 22,4 3,1 

TSRT 11,9 19,5 22,4 37,9 8,2 
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Range of a change in the hourдн values of PM10 in two years of observations - from 0 to 835 μg/m
3
.  

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 Tbilisi 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 μm, 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 Tbilisi 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 Tbilisi 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 Tbilisi and other cities of Georgia.   
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2017-2018 წლებში ატმოსფეროს აეროზოლური დაბინძურების 

სტატისტიკური მახასიათებლები თბილისის სამ პუნქში  

დ. კირკიტაძე 
 

რეზიუმე 

წარმოდგენილია აეროზოლების წონითი კონცენტრაციების სტატისტიკური მახასიათებლები 

(PM2.5 და PM10) ქალაქ თბილისის სამ პუნქტში (ა.ყაზბეგის პრ., ა.წერეთელის პრ. და 

ვარკეთილი) 2017-2018 წლებში. გამოყენებულია გარემოს დაცვის ნაციონალური სააგენტოს 

მონაცემები  PM2.5 და PM10 -ის საათობრივი მნიშვნელობების შესახებ. კერძოდ მიღებულია 

რომ PM2.5-ის მაქსიმალური საშუალოწლიური მნიშვნელობები დაიკვირვებოდა პუნქტში 
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ა.წერეთელის პროსპექტზე (24.9 მკგ/მ3, ცვლილების დიაპაზონი: 0-440 მკგ/მ3), მინიმალური -

ა.ყაზბეგის პროსპექტზე (16.6 მკგ/მ3, ცვლილების დიაპაზონი: 0-494 მკგ/მ3).  PM10 -ის 

მაქსიმალური საშუალოწლიური მნიშვნელობები დაიკვირვებოდა აგრეთვე პუნქტში  

ა.წერეთელის პროსპექტზე (57.2 მკგ/მ3, ცვლილების დიაპაზონი: 0-553 მკგ/მ3), მინიმალური- 

ვარკეთილში (37.4 მკგ/მ3, ცვლილების დიაპაზონი: 0-319 მკგ/მ3). მიღებულია, რომ წრფივი 

კორელაციის კოეფიციენტის მნიშვნელობა PM2.5 და PM10-ის საათობრივ სიდიდეებს შორის 

ყველა პუნქტზე საკმაოდ მაღალია და იცვლება 0.77-სა და 0.89-ს შორის. წრფივი კორელაციის 

კოეფიციენტის მნიშვნელობა პუნქტებს შორის PM2.5  საათობრივი სიდიდეებისა იცვლება 0.64-

დან 0.73-მდე, PM10-ისა -0.49დან -0.60 მდე.  

განხილულია PM2.5 და PM10-ის მნიშვნელობების შესაბამისობა მჯო-ს  ნორმებთან თბილისის 

სამ პუნქტში ჰაერის აღნიშნული დამაბინძურებლებისთვის. 

 

Статистические характеристики аэрозольного загрязнения 

атмосферы в трех пунктах Тбилиси в 2017-2018 гг. 
 

Д.Д. Киркитадзе 

 

Резюме 

Представлены статистические характеристики весовых концентраций аэрозолей (PM2.5 и PM10) в 

трех пунктах города Тбилиси (пр. А. Казбеги, пр. А. Церетели и Варкетили) в 2017-2018 гг. 

Использованы данные национального агентства по окружающей среде о часовых значениях PM2.5 и 

PM10. В частности, получено, что наибольшие среднегодовые значения PM2.5 наблюдались в пункте 

на пр. А.  Церетели (24.9 мкг/м
3
, диапазон изменения: 0-440 мкг/м

3
), наименьшие – на пр. А.  Казбеги 

(16.6 мкг/м
3
, диапазон изменения: 0-494 мкг/м

3
). Наибольшие среднегодовые значения PM10 

наблюдались также на пр. А.  Церетели (57.2 мкг/м
3
, диапазон изменения: 0-553 мкг/м

3
), наименьшие 

– в Варкетили (37.4 мкг/м
3
, диапазон изменения: 0-319 мкг/м

3
). Получено, что величина линейного 

коэффициента корреляции между часовыми значениями PM2.5 и PM10 на всех пунктах достаточно 

высокая и меняется от 0.77 до 0.89. Величина коэффициента корреляции между часовыми 

значениями PM2.5 между пунктами меняется от 0.64 до 0.73, а PM10 – от 0.49 до 0.60. 

Рассмотрено соответствие значений PM2.5 и PM10 в трех пунктах города Тбилиси нормам ВМО. 

 

 


