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ABSTRACT

Introduction. Air pollution, and particularly high concentrations of PM; s can have severe consequences to human health. Particulate air pollution raises the risks

Jfor various diseases, including chronic obstructive pulmonary disease, ischemic heart disease, stroke, lung cancer, and diabetes type 2. For all of Uzbekistan, over
2021 the expected value of mortality attributable to Ambient PM. s pollution was 27,099. This is a significant cause of the mortality in the country. Top five sources
contributing to outdoor PM: s concentration were: residential, industry, energy, anthropogenic dust, and agriculture.

Materials and methods. To estimate PM.s attributable mortality in Tashkent, we downloaded the available PM,s from the air quality monitor at the US
Embassy in Tashkent, and the satellite-based PM:.s concentration data for the city of Tashkent from the Atmospheric Composition Analysis Group at the
Washington University in St. Louis. Population data for Tashkent city was taken from the official statistics agency of Uzbekistan. We then applied a PM;s
attributable mortality model.

Results. For the years 2019 to 2022 we estimate a range of mortality in the city from a low of 3095 to a high of 4736; using the same attributable mortality model
but the different sources of PM, s concentrations.

Limitations. The monitor at the US Embassy may not represent average particulate matter concentrations across the entire city. Satellite data do not directly
measure PMs concentrations and in general rely on ground monitors for verification. Tashkent is growing very quickly and the official estimates of the city’s
population may be on the low side.

Conclusion. Air quality in Tashkent is a serious health issue and a source of annual mortality. Tashkent needs a detailed emission inventory and source apportionment
to support a high quality and feasible air quality management plan and to address the high costs of air pollution.
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3arps3HeHMe BO3ayXa yacTuuamu B TalKeHTe v NocneacTems
AN 3A0POBbS HACENEHUS

' AMepuKaHckuit yHuepcuteT, Bawmnrron, okpyr Konymbus, 20016, CLUA;
2TawkeHTCKMIA rocyAapCTBEHHbIM TpaHcnopTHbid yHusepcutet, 100067, TawkenT, Pecny6nmka Yabekucran

PE3IOME

Beedenue. 3azpssnenue 6030yxa, u ocobenHo evicokue Konuenmpauyuu PMys, mocym umems cepvésHole nociedcmeus 045 300pogws venoeekda. 3azpsHeHue
6030yxa MeEpObIMU HaCMUUamMu NOBbIUAem PUCK PA3BUMUS PA3AUYHBIX 3A001e6aHUI, 6KAIOUAS XPOHUHECKYIO 00CMPYKMUBHYIO 001€3Hb N€2KUX, UMEeMUHECKYI0
601e3Hb cepoya, uHcyabm, pak aéekux u ouabem Il muna. s éceeo Y3bexucmana 6 2021 . oxcudaemoe 3HaveHue CMeEPMHOCMU, C8A3AHHOLL ¢ 3a2PA3HeHUeM
oxpyacaioueis cpedst PM, s, cocmasuno 27 099. Dmo 3nauumas npuuuna cmepmuocmu 6 cmpae. Ilams 0CHOBHbIX UCHOMHUK08, CHOCOOCMBYIOUAUX HAKONACHUIO
PM; s 6 ammocpeprom 6030yxe, 6Karouaiom xcunvie 30aHUS, RPOMBIUACHHOCHb, SHEPLEMUKY, AHMPONOLEHHYIO NblAb U CEAbCKOe X03SUCMB0.

Mamepuaavt u memoodst. /s oyeniu cmepmuocmu, cesizannoii ¢ PM,s 6 Tawkenme, mul 3aepy3uau umerowjuecsi dantvie o cooepyucanuu PM, s uz monumopa
kauecmea 603dyxa [locoavcmea CIIIA ¢ Tawkenme u cnymuukogusie danHole 0 kKoryenmpauuu PM, s 0as eopoda Tawkenma, noayuennsie uz Ipynnol anaausza
cocmasa ammocghepst Bawunemonckoeo ynusepcumema 6 Cenm-Jlyuce. Jlannvie o Haceaenuu eopoda Tawikenma 83ambol U3 0QUUUANLHO20 CIAMUCIMUYECKO20
acenmemea Y3bexucmana. 3amem Mol npUMEHUAU MOOeAb pacuéma cmepmHuocmu, 00ycaoenenHoil PM s.

Pesyavmamot. 3a nepuod ¢ 2019 no 2022 e. mvi oyenusaem duanason cmepmuocmu 6 2opode om munumyma 6 3095 0o maxcumyma 6 4736, ucnonvsys odunako-
8y10 Modenb cmepmuocmu, o6ycaoenennyro PM; s, no pasubie ucmounuku konyenmpayuu PMs.

Oczpanuuenus uccaedosanus. Monumop é nocoavscmee CIIA moxcem ne omobpaxcams cpednue KoHueHmpayuu meépobix yacmuy, no écemy 2opody. Cnym-
HUKO08ble OaHHble He uzmepsom Konuenmpayuu PM, s nanpsamyro u noaazaromes Ha HazemHole MOHUMOPYLL 045 npoeepku. Tawkenm pacmém ouens Obicmpo,
u opuyuanvHole OUeHKU YUCIeHHOCMU HACeAeHUS 20p00a MO2YM OblMb 3AHUNICEHHBIMU.

3akarouenue. Kauecmeo 6030yxa ¢ Tauikenme s6asemcsi cepve3Holl npobaemoil 045 300p08bsi U UCIOUHUKOM edice200Hol cmepmuocmu. Taukenmy Heo6xo0um
nodpobHbLil Kadacmp 8b16pOCco8 U pacnpedenenus UCHIOHHUKO08 045 NO00EPICKU BbICOKOKAUECBEHHO20 U OCYU4eCMBUMO20 NAAHA YNPABAeHUs KA4eCm80M 803~
dyxa u peuienust npobaeMbl 8bICOKUX 3aMPAM HA CHUNCEHUE 3a2PS3HEHUs 8030yXd.

Karouegvte caosa: 3aepaznenue 603dyxa; PM,s; ampubymuenas cmepmHocms; UCOYHUKY 3a2PA3HEHUs
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Introduction

Air pollution, and particularly high concentrations of PM,
can have severe consequences to human health. Particulate air
pollution raises the risks of various diseases, including chronic
obstructive pulmonary disease, ischemic heart disease, stroke,
lung cancer and type 2 diabetes. From the Global Burden of
Diseases [1] ambient air pollution in 2021 has been estimated to
have caused about 4.72 million premature deaths worldwide.

For all of Uzbekistan, in 2021 the expected value of mortality
attributable to ambient PM,s pollution was 27,099. PM,;
attributable mortality for all of Uzbekistan for the period from
1990 to 2021, with upper and lower bounds is shown below in
Figure 1 [1].

This is a significant cause of mortality in the country, and air
pollution was one of the top 10 risk factors [2]. And the figure
shows only mortality, not any morbidity.

According to the State of Global Air [3] the top five sources
contributing to outdoor PM,s concentration were: residential —
8.9%; industry — 6.9%; energy — 12.1%; anthropogenic dust —
3.6%; and agriculture — 3.4%. According to McDuffie et al. [4]
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contributions to total outdoor PM, s exposure for Uzbekistan were:
from total coal combustion — 8.7%, from oil and gas combustion —
9.9% and from biofuels — 9.8%. For the city of Tashkent, the
equivalent numbers were from total coal combustion — 11.7%, from
oil and gas — 10.3% and from biofuels 7.1% of the total exposure to
ambient PM,;. A proxy for particulate emissions, GHG emissions
for all of Uzbekistan in 2010 [5], is shown in Table 1.

According to the World Bank [6] source contributions to annual
average PM2.5 concentrations were residential and commercial
heating 29%, waste burning 1%, urban dust 6%, heavy industry 6%,
light industry 7%, windblown dust 36%, and transport 16%.

Materials and Methods

To assess the situation specifically in Tashkent city we
downloaded all of the available PM,s data available from the
air quality monitor at the US Embassy in Tashkent [7]. We also
downloaded PM,s concentration data for the city of Tashkent
from the Atmospheric Composition Analysis Group at the
Washington University in St. Louis [8]. These are estimates of
ground-level PM, s using Aerosol Optical Depth (AOD) retrievals
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Fig. 1. Annual Mortality from Ambient PM,5s Air Pollution in Uzbekistan 1990-2021.
Puc. 1. ExxerofHas aTpubyTMBHAA CMEPTHOCTb OT 3arpsisHeHuns aTmocdgepHoro Bo3ayxa yactuufvb PMos B Y36ekuctare, 1990-2021 rr.

Direct GHG emissions by categories in 2010, Gg CO,-eq

Table 1 / Tabnuma 1

[IpsiMbie BBIOPOCHI TAPHUKOBBIX ra30B 1o kateropusm B 2010 r., I CO,-3ks.

Category / Kareropus n
Energy Industries / DHepretnueckas pOMBIIIIEHHOCTh 31550
Manufacturing Industries and Construction / TIpou3BOICTBO U CTPOUTENBCTBO 7520
Transport / Tpaucropt 12 745
Commercial/Institutional / Kommepueckie/MHCTUTYLIIOHATBHbBIE 10 453
Residential / XKuuoii cextop 31918
Agriculture / Cenbckoe X0351HCTBO 1386
Other / Ipyroe 132
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Fig. 2. PM. s concentration in Tashkent City.
Puc. 2. KoHueHTpauus PM,s B ropoae TallkeHTe.

from the NASA MODIS, MISR, and SeaWIFS instruments [9].
Each of these two sources gave somewhat different estimates
of annual particulate pollution concentrations. There is not
a simple explanation. However, the ground level monitor is a
single point source for a large area. And the satellite coverage is
a broader geographic coverage, but not a direct measurement of
the particulates themselves. In 2022 there were some missing data
for four months of the year, however the data were between the
readings for the same months for the previous and the following
year. Both of the series of annual concentrations are shown in
Figure 2.

Population data for Tashkent city were taken from the
official statistics agency of Uzbekistan (UzStat [10, 11]). Official
population data for 2023 were not yet available at the time of this
analysis. Background mortality rates were from UzStat [12] and
Komolova et al. [13] and background rates of non-communicable
diseases were from the World Health Organization [14].

Results

We applied a PM, s attributable mortality model based on [15];
which in turn was adapted from the particulate matter risk curves
from the Global Burden of Diseases [16].

Discussion

Air pollution is one of the most serious risk factors for non-
communicable diseases and is critical for the protection of public
health (WHO [17]). Sources of outdoor air pollution, as discussed
above, require action by local, national and regional level policy-
makers working in sectors like energy, manufacturing, transport,
commercial, residential and agricultural sectors.

In the past and in other countries the use of pollution control
and clean technologies have reduced industrial and energy

Table 2 / Tabnuma 2
Mortality attributable to PM; s pollution in Tashkent City
CwmeptHOCTH OT 3arpsisHenuss PM,; s B ropone Tamkente

Year / Ton
2020 | 2021 | 2021
Population / Hacenenue 2,510,000 2,572,000 2,694,000 2,862,000

PM, s concentration 38 38 47.2 32
US Embassy monitor

Konuentpauusi PM, s
MOHUTOP B MOCOJILCTBE
CLIA

Attributable Mortality ~
ATpuOyTUBHas
CMEPTHOCTD ~

PM, s concentration 44.1 44.0 44.7 43.2
WUSTL satellite data
Konuentpauusa PMs s
JlanHubie criytHuka BYCJI
Attributable Mortality

ATpuOyTUBHaS
CMEpTHOCTh

Index
IMokasartenn 2019

3226 4336 4333 3095

3528 4736 4197 3712

smokestack emissions. Automobile technologies, cleaner fuels,
including cleaner heavy-duty diesel vehicle low-sulfur fuels.
Newer electric vehicles are another proven approach to reducing
harmful emissions. Increasing rapid urban transit and walking and
cycling networks in cities should also be priorities.

Improved management of urban and agricultural waste,
particularly the capture of methane gas emitted from waste
sites for use as biogas, should be a greater priority. Additionally,
improving the energy efficiency of buildings, use of the most
efficient household heating and lighting will also be a key
part of an emission reduction strategy. In a country with
such abundant solar radiation as Uzbekistan, development
of solar powered electricity, at the industrial and the rooftop
residential/commercial level should be occurring as quickly as
feasible.

Conclusion

Air quality in Tashkent is a serious health issue and a source
of annual mortality. There may be some uncertainty about the
precise estimates with two sets of data, but the basic conclusions
don’t change. On any day, one can go to various websites to see the
real-time PM concentrations or the Air Quality Index, virtually
anywhere in the world. These include sites such as the World
Air Quality Index (waqi.info), IQAir (igair.com), Purple Air
(https://map.purpleair.com/) in addition to the US AirNow site
used in this analysis. Finally, Tashkent needs a detailed emission
inventory and source apportionment to support a high quality and
feasible air quality management plan and to address the high costs
of air pollution [6, 18].
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