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ABSTRACT

Study of Kutaisi city atmospheric air pollution with PM10 particles has been conducted by means of combined integration
of 3D regional model of atmospheric processes evolution and equation of admixtures transfer-diffusion. Patterns of PM10
concentration time chance and spatial distribution have been obtained. It has been shown that a formed field of wind
velocity promotes PM10 particles transportation from the city and atmosphere “self-purification” process. It has been
obtained by calculations that aerosol propagation process conventionally runs by four stages and depends on motor
transport traffic intensity, trunk roads’ location and city relief. Relatively high pollution zones have been identified. It
has been established that thermal stability of the atmosphere in the surface layer of atmosphere plays crucial role in time
change of microaerosols’ concentration and high concentrations formation process.
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Introduction

Protection of atmospheric air of urbanized environment from aerosol pollution is a topical problem of
the modern ecology. It is of great medical and socioeconomic importance [1]. Among numerous substances
polluting the atmospheric air a special place is held by the smallest particles, sizes of which don’t exceed 2.5
and 10 um (PM2.5 and PM10). They are originated as a result of both current natural processes taking place
on the Earth (rock erosion, desert winds etc.), and agricultural, industrial and transport-related human activity.
Due to small sizes, PM2.5 and PM10 easily penetrate human cardiovascular system, precipitate there and cause
numerous diseases, and even death on frequent occasions [2-4].

Problem of atmospheric air protection from microparticles pollution is very important not only in large
cities and industrial regions, but also in resort-recreation centers and separate small cities. Cities of Georgia
aren’t ranked among heavily polluted cities of the world [5], however in some cases microparticle
concentrations there exceed maximum permissible concentrations [6-8] and have a negative impact on human
health.

Some air-protection measures have been scheduled over the recent years for improvement of atmospheric
air purity of Georgian cities [9, 10]. In order to enhance their efficiency, it is necessary to carry out these
measures based on scientifically substantiated studies.

In the presented article, the problem of PM10 pollution of atmospheric air of Kutaisi — the second largest
city of Georgia and its adjacent territories resulted from motor transport traffic has been studied theoretically,
using the computer modeling of admixtures propagation in the atmosphere.

Research method

The atmosphere of Kutaisi city and its adjacent territory with an area of 13.4 x 13.4 km has been selected
for studies (Fig. 1). This territory is of complex orography — terrain height varies from 80 to 450 m. The
orography is confined by ranges and separate mountains from north and east, while the western and southern
parts of city and its surroundings are located at the Kolkheti lowland.
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Fig. 1. Urbanized relief of Kutaisi and adjacent territories, and administration units (AU).

This work studies spatial distribution and time change of concentration of microparticles discharged into
surface layer of the atmosphere over the mentioned territory, using numerical modeling. Regional model of
atmospheric processes development at the Caucasus territory and the method of numerical integration of
equation of admixtures transfer-diffusion in the atmosphere are used for modeling [13-15]. Integration is made
at the numerical grid composed of 67x67x31 points. Numerical grid steps along meridian and parallel are
equal to 200 m. A vertical dimensionless step in free atmosphere equals to 1/31, that approximately
corresponds to 300 m. A vertical step in 100 m thick surface layer of the atmosphere varies from 0.5 to 15 m.
Time step is 1 sec. Calculations are made for 3-day period. A case of background fresh western breeze under
dry weather conditions of June is considered. Wind velocity at surface layer height (100 m) is 11 m/sec. Above
the surface layer wind velocity linearly increases and reaches 20 m/sec at 9 km altitude. Relative atmospheric
humidity is 50%.

It is assumed that PM10 pollution of the atmosphere is caused by motor transport traffic in the city and
its adjacent territory. Emissions occur at 0.5 m height from the earth surface in 5 types of areas: trunk roads,
central streets of the city, residential areas, industrial zones and unpopulated territories of surrounding villages.
Emission rate is different depending on the area, is of 24 hour-periodic nature and proportional to motor
transport traffic intensity. It is minimal in the interval from 0 to 4AM, then linearly increases from 4AM to
10AM and remains constant from 10AM to 6PM. From 6PM to midnight a discharge rate linearly reduces and
becomes equal to emission rate of 0 AM.

Numerical modeling results

Spatial concentration and time change of PM10 concentration discharged by motor transport into
atmosphere of Kutaisi obtained using numerical modeling in case of fresh western breeze are given in Fig. 2.

t=0h; z=100m.

Fig. 2. Spatial concentration of PM10 concentration (ug/m?) and wind velocity vector (m/sec), obtained
using numerical modeling, whent =0, 3 and 6 h.
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As is seen from Fig. 2, a terrain effect on background fresh western breeze doesn’t cause significant
change of wind velocity in the surface layer and the lower part of boundary layer of the atmosphere. Terrain
effect is manifested in wind velocity reduction at the city territory and emergence of a component directed
north-eastward. In a whole, in the modeling area, wind velocity at 2 m height from earth surface increases
from south to north and from west to east from 0.8 to 8 m/sec. With the distance from the Earth ground a
terrain effect gradually weakens, wind keeps its western direction, while a wind velocity values at 600 m height
vary within a range of 4-30 m/sec.

The analysis of time change of microaerosol concentration field, obtained by calculations, shows that
concentration values are minimal within an interval of t = 0-3 h. At 2 m height when t = 0 h, PM10
concentration value is within 0-2 pg/m? at the major part of the city. Concentration equal to 2-4 pg/m? is
obtained in the surroundings of main city streets. Maximum concentrations, 4-6 pug/m3, are registered at the
territories of administration units (Gamarjveba, Dzelkviani, City-Museum) located in the city center, as well
as in suburban areas (Kakhianouri and Avtokarkhana AUs, Baloji village) and territories situated south-
westward and south-eastward of the city.

At 100 m height from the earth surface, when t = 0 h, PM10 concentration value is 2-4 pug/m? in the major
part of the modeling area, and 0-2 and 4-6 pg/m? in two areas of small size. Concentration value at 600 m
height doesn’t exceed 2 pg/m?®. By t = 3h, a pattern of spatial concentration of the surface concentration at 100
and 600 m height doesn’t experience qualitative change, and small reduction of concentration takes place in
guantitative terms. Rise of atmospheric air pollution level starts in parallel with increase of motor transport
traffic intensity. When t = 6h, concentration values are within limits of 15-20 pg/m? at 2 m height from the
earth surface at urbanized territories and in the close proximity of central streets. In the mentioned period of
time, a weak substance transfer from surface layer of the atmosphere to its upper parts occurs. As a result, by
t =6 h, at 100 and 600 m from the earth surface, maximum concentration values reach 6 and 1 pg/md,
respectively. Increase of atmospheric concentration lasts until 10-11AM. This increase is especially intense in
the city center and its north-eastern part (Ukimerioni, Gamarjveba, Sapichkhia, Dzelkviani and City-Museum)
(Fig. 3). Concentration value at this territory reaches 35 pg/m®. Concentration increase also takes place at the
highways connecting Kutaisi with Khoni, Tskaltubo resort, Samtredia and at the Kutaisi by-pass road.

9h: z=600m

Fig. 3. Spatial distribution of PM10 concentration (ug/m®) and wind velocity vector (m/sec), obtained by
numerical modeling, whent=9, 12 and 15 h.

After 11 AM, concentration starts to reduce throughout the modeling area. This reduction lasts until 3
PM. A uniform increase of concentration takes place after 3PM, as well. Maximum concentration 30-35 pg/m?
is registered at 6-7PM in the surroundings of main avenues of the city (Fig. 4). In the ensuing points of time
concentration quickly reduces until the midnight, and afterwards the pollution change process lasts on a quasi-
periodical basis.

At 100 and 600 m level from the surface, concentration value is mainly within the limits of 2-7 ug/m?* and
a time of achievement of its maximum values (7-11 pg/m®) by 2-3 hours lags behind a time of achievement of
maximum surface concentration.
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Fig. 4. Spatial distribution of PM10 concentration (Jug/m®) and wind velocity vector (m/sec), obtained by
numerical modeling, when t =18 and 21 h.

In Fig. 5 there is shown the diagram of PM10 concentration time change obtained via calculations for
main types of observation points. It is seen from Fig. 5 that time change of concentration at trunk roads, main
city streets and urbanized territories is characterized by presence of 2 maximums (when t =8-9 h and 19-21 h)
and 2 minimums (when t = 4 and 14-15 h) of concentration. The more is PM10 emission rate, the more apparent
are mentioned extremums. It is worth noticing the presence of local concentration maximums by 6AM.
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Fig. 5. Time change of PM10 concentration at trunk roads (1), central city streets (2), along industrial (3) and
rural (4) zones and in unpopulated points at 2 m height from the earth surface.

As for rural-type settled and unpopulated territories, concentrations values in their surroundings don’t
exceed 5 pg/m® and their time change is not clearly expressed.

Fig. 6. Column diagrams and numerical values of PM2.5 (red) and PM10 (blue) concentrations (ug/m?)
obtained by experimental measurements.
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Numerical modeling results have been compared with the results of carried-out special expedition
measurements (Fig. 6). As the comparison showed, the results of theoretical and experimental measurements
are close to each other. The mentioned fact points at the great importance of motor transport traffic in the
process of microaerosol pollution of Kutaisi atmosphere.

Conclusions

Peculiarities of spatial distribution and time change of PM10 concentrations generated by motor transport
at the territory of Kutaisi city in case of background fresh breeze in June have been studied by means of
numerical modeling. It has been shown that the values of calculated concentrations are within the values
observed. Patterns of spatial distribution of concentration in the city and its adjacent territories have been
established at different parts of a day. It has been shown that spatial distribution of concentration significantly
depends on both motor transport intensity and kinematics of surface layer of the atmosphere and local
circulation system formed by diurnal change of thermal regime on the underlying surface.

Acknowledgments. The scientific research has been funded and performed with financial support of the
Shota Rustaveli National Science Foundation within the grant project FR-22-4765.

wo@ghs@ms - REFERENCES - IUTEPATYPA

[1] Integrated Science Assessment for Particulate Matter. EPA. United States Environmental Protector
Agency, 2019, p.1967. EPA/600/R-19/188. www.epa.gov.isa.

[2] Pope C.A., Burnett R.T., Thun M.J., Calle E.E, Krewski D., et al. Lung cancer, cardiopulmonary
mortality, and long-term exposure to fine particulate air pollution. J. Am. Med. Assoc, 287, 2002, pp.
1132-1141.

[3] World Health Organization. Regional Office for Europe. Review of evidence on health aspects of air—
REVIHAAP Project. First result.

[4] Mortality and  burden  of  disease @ from  ambient air  pollution-WHO.
https://www.who.int/gho/phe/outdoor_air_pollution/burden/en/

[5] World's most polluted cities (historical data 2017-2022). https://www.igair.com/world-most-
polluted-cities.

[6] Kobza J., Geremek M., Dul L. Characteristics of air quality and sources affecting high levels of
PM10 and PM2.5 in Poland, Upper Silesia urban area Environmental Monitoring and Assessment.
190, Article number 515, 2018.

[7] Girish Agrawal, Dinesh Mohan, Hifzur Rahman. Ambient air pollution in selected small cities in
India: Observed trends and future challenges. IATSS Research. VVolume 45, Issue 1, April 2021, pp
19-30. https://doi.org/10.1016/j.iatssr.2021.03.004.

[8] Air quality in Thilisi. I1Q Air. https://www.igair.com/georgia/t-bilisi/tbilisi

[9] National Environment and Health Action Plan of Georgia 2018-2022 (NEHAP-2)
https://test.ncdc.ge/Handlers/GetFile.ashx?ID=951a795c-ab20-4bdd-8f32-57959e3e1728

[10] 4. ®19L530L 5EIMLGIHIE0 359MOL bo@Molbol gomdx mdglgdol Ladmddgm yqads 2020-
2022. https://mepa.gov.ge/Ge/PublicInformation/27987

[11] Amiranashvili A. G., Kirkitadze D. D., Kekenadze E. N. Pandemic of Coronavirus COVID-19 and
Air Pollution in Thilisi in Spring 2020. Journal of Georgian Geophysical Society, 23(1), 2020.
https://doi.org/10.48614/9gs2320202654

[12] Surmava A.A., Kukhalashvili V.G., Gigauri N.G., Intskirveli L. N. PM2.5 and PM10 in the
Atmosphere of Kutaisi City. Journal of Georgian Geophysical Society, 26(2), 2023.
https://doi.org/10.60131/ggs.2.2023.7445

[13] Surmava A., Intskirveli L., Kukhalashvili V. Numerical Modeling of the Transborder, Regional and
Local Diffusion of the Dust in Georgian Atmosphere, p.139, Publishing House, Technical
University”, ISBN 978-9941-28-810-4, Thilisi, Georgia, 2021. http//www.gtu.ge (in Georgian).

[14] Kazakov A. L., Lazriev G. L. On Parametrization of Atmospheric Boundary Layer and Active Soil
Layer. Izvestiya, Atmospheric and Oceanic Physics, 15, 1978, pp. 257-265.

23


https://www.who.int/gho/phe/outdoor_air_pollution/burden/en/
https://www.sciencedirect.com/journal/iatss-research
https://www.sciencedirect.com/journal/iatss-research/vol/45/issue/1
https://doi.org/10.1016/j.iatssr.2021.03.004
https://www.iqair.com/georgia/t-bilisi/tbilisi
https://test.ncdc.ge/Handlers/GetFile.ashx?ID=951a795c-ab20-4bdd-8f32-57959e3e1728
https://mepa.gov.ge/Ge/PublicInformation/27987
https://mepa.gov.ge/Ge/PublicInformation/27987
https://doi.org/10.48614/ggs2320202654
https://doi.org/10.60131/ggs.2.2023.7445

[15] Marchuk G.I. Mathematical modeling in the problem of the environment. Moscow, Science, 1982,
320 p. (in Russian).

J. §mosobols 5EMLG Ao 359Gl PM10—00 sd0bdwegdols
299330935 MOEb3000 FMEIEoMgdO.
BMbMOHO LZMgMOL dE0gMHo JsGol dg8mbgggs

5. bm3s39, 3. 319bogrs930¢0, b. 305mMo, . 0bfjz0Mm3zgemo
®%o7dy

J.dmmo0bol  sGHIMbBg@meo 35900l PM10-0m ©@sd0bdm@mgdol 33935 296bm®30gegdvyeos
5GHIMbRIMMo  3OHMmEgLgdol  gzmezool 3D MH9gaombscrmMo  dmEgwols s  80bsMg39d30L
2390053905 - OFMBooL  2obBHMEgdol gMmMdoz0 0bFgaMoMgdom. dowgdmwos PMI10-ob
30639635300l MM™MTo 3300 gdoLs s LogMEwwo sbsfowgdol Lwemsmgdo. bsbggbgdos, Mma
BMOI0OYOME0 JoMol LoBJsMob 3gao bgwls »figmdls PM10-ob Joesgdosb go@dobs s s@ambggemml
1 300095L953053900L 3MIM(39LL. FodMmM3wgdom JoGdMOs, MM  59OHMDMEOL 2536 EJgd0L
36390 306M00M© 80dE0bsMYMBL MM 9G35 S ITIM3Z0PIINME0S 53GMEGHMBLEMOEOL
9mdEomdol  0639bLogMdsBY,  FogoLEBHMWgdOL  IEJOIMYMBSDY s  Joawodob  MgogRBY.
239BLsBZOM0s FgIMGdI0M Foeo EdOBIMEOIBOL 5Mqd0. F0MYOME0s, BMT oGHIMLBIOHML
doffolbdots  g3gbsdo  s>GHIMBRYOML MIMTMNWOo  FEYMIEMDS  5859Md  I60T3690Mm3s6 MMl
90360059OMBMEol  3mb3gbG®mozool Mmoo  (33w0Egdols s ds®ero  3MbEbEH®Mo30gd0L
530mMOHJoMgd0l 3OMEgLdo.

153356dm  LoBYzgdo:  5BHIMLGRYOML  PM10-0m  ©sd0bdMMgds, Gogbgzomo  Im©EoMmgds,
30639635305, BmbMGO L3 IOl AE0gMO JoMo.

HUccaenoBanue 3arpsisHeHust atMmocgepHoro Bozayxa r. Kyrancu
yactuuamu PM10 yucjieHHBIM MOAeJIMPOBAHUEM.
Cayuait cMJIbHOTO (DOHOBOTO 3aNIAJHOTO BeTpPa

A. Cypmasga, B. Kyxanamsuiu, H. 'uraypu, JI. UHukupBeu

Pe3rome

[lyTem 4MCIIEHHOTO MOJICTUPOBAHUS UCCIIEIOBAHbI OCOOCHHOCTH TPOCTPAHCTBEHHOTO PAaCIPOCTPAHEHUS U
n3MEeHeHus Bo BpeMeHHt dactull PM 10, 06pa3oBaHHBIX aBTOTPAHCIIOPTOM Ha Teppuropui I. Kyraucu B ciydae
CHJIBHOTO (DOHOBOTO 3amazHoro Berpa B HioHE. [loka3aHO, YTO 3HA4YEHUS! BBIYMCICHHBIX KOHLEHTpaIMH
HaxXOZATCS B Tpeenax HaOIoAaeMbIX BEITHMYMH. YCTAHOBIIEHBI KapTHHBI MIOBEPXHOCTHOTO pacIpeesieHus
KOHIIEHTpAIMi B TOpOJie M Ha MPHJIETAIOIINX K HEMY TEPPHUTOPHUAX B pa3Hoe Bpems nHA. [lokazano, 4to
MIPOCTPAHCTBEHHOE PACIPEEIICHNE KOHIEHTPAIMY B 3HAYUTEIBHOMN CTENIEHHN 3aBUCUT Kak OT HHTEHCUBHOCTH
JBIDKEHHST aBTOTPAHCIIOPTa, TaK M OT KHHEMATUKH TPU3EMHOTO cJosi arMochepbl H JIOKAIbHOU
IUPKYJSIMOHHOW CHCTEMBI, C(HOPMHUPOBAHHOW CYTOYHBIM HW3MEHEHHEM TEPMAIbHOTO pEXuMa Ha
MOJICTHIIAONIEH TOBEPXHOCTH.

KuroueBnble cjioBa: 3arpssHenue arMochepsl yactuiiamu PM 10, drucieHHOe MOJISIMPOBaHUE, KOHIICHTPALIHS,
CHJIHHBIN (DOHOBBIN 3alaTHBIN BETEP.
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