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Abstract: In this paper we study the spatial and seasonal distribution of NO2 pollution over Bulgaria. As
a main data source we use monthly measurements of the Tropomi space instrument onboard Sentinel 5P
satellite. The hot points of NO2 over Bulgaria are two kinds - Sofia and Plovdiv cities and Stara Zagora region.
First two are the biggest cities in the country, whether last one is typical industrial region and the place with
biggest amound of summer fires. Results for both kinds of hot places are compared and discussed.

NMPOCTPAHCTBEHO U CE3OHHO PA3NPEAENEHUE HA SAMBPCABAHUATA
C NOz2 HAAl BBIITAPUA NO AAHHU OT TROPOMI

Mapusa OumutpoBa, NnameH TpeH4yeB, [lesH NoyeB

WHcmumym 3a kocmudecku uscnedgaHusi U mexHonoauu — bbrieapcka akabemusi Ha Haykume
e-mail: maria@space.bas.bg

Knro4yoeu dymu: ammochepHU 3ambpcsieaHusi, OUCmaHUUOHHU Uu3crie08aHusi, eKosoausi

Pesrome: B masu cmamusi Hue u3credgame npoCmpaHCMEEHOMO U CE30HHO pasrpedesieHue Ha
3ambpcsisaHemo ¢ NOz Had bwneapusi. Kamo ocHo8eH u3moYHUK Ha OaHHU U3rosi3gamMe MeCceYHU U3Mep8aHUs
Ha KocMmudeckus uHcmpymeHm Tropomi Ha 6opOda Ha camenuma Sentinel 5P. opewume moyku Ha NO2 Hald
Bwnzapusi ca dsa suda - Cogpusi u Mnosdus u Cmapa 3azopa. [Mbpsume dea ca Hali-econemume 2padose 8
cmpaHama, dokamo rnociedHUsIm e murnu4yeH uHOycmpuareH peauoH u, 8 dobaska, obriacm ¢ Hali-MHO20 JlemHu
noxapu. Pesynmamume 3a dgama suda 2opewju moyKu ce cpasHsisam u ob6cbxdam.

Introduction

One of the main air pollutants in urban environments is nitrogen dioxide NO: is a reddish-
brown gas and one of the nitrogen oxides, highly toxic by inhalation. Like most toxic gases, the
inhalation dose affects the degree of toxicity. Prolonged exposure to low concentrations of gas, as well
as short-term exposure to high concentrations, may cause a variety of health problems. The
dangerous level is above 560 pug/m?3. This serves as a basis for determining the permissible norms for
air pollution [1].

There are two methods for measuring and analyzing the air quality - through measurements
with ground stations and with satellite data. Both approaches have their advantages and
disadvantages. Ground stations provide a continuous flow (usually every hour), but are a point
measurement. Satellite mesurements are from 1 to several times a day, but they give a global picture.
They measure the presence of a pollutant in the entire atmospheric column above an area of the
earth's surface with a size corresponding to the spatial resolution of the measuring instrument.

Only from the end of 2018, with the launch of the European satellite Sentinel 5P, we have
satellite data with enough high spatial resolution (in this case 3.5 x 7 km) [2], which allows us to study
the detailed distribution of air pollutants even over large cities.

The aim of the present work is to study the territorial and seasonal distribution of NO2 over
Bulgaria. Results show that main NO2 sources there are biggest Bulgarian cities of Sofia and Plovdiv
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as well as Stara Zagora region — the biggest industrial place in our country. In this work we compare
the results of ground and satellite measurements and discuss the possibility of using data from
Sentinel 5P.

Data and regions of interest

For studying spatial and seasonal NO2 distribution we choose to use both satellite and ground
station measurements. We use monthly averaged values in both cases. We use satellite data from
TEMES service [3] and ground station data from European Environment Agency [4].

On Fig. 1 we show examples for the typical daily and monthly distribution of NO2 measured
from the Tropomi instrument.

TROPOMI tropospheric NO, 09 Jan 2020 KNMI/ESA TROPOMI tropospheric NO, Decembar 2018 KNMI/ESA
B 3

Fig. 1. Examples for typical daily and monthly NO: distribution over Bulgaria

As we see from the picture above, there are three regions with higher NO2. They are the
regions over Sofia and Plovdiv cities and the region south of Stara Zagora.
Tropomi data covers the full Bulgarian region almost every day. Ground stations, used in this
work are as follows:
e Sofia: Nadezda, Hipodruma, Pavlovo, Mladost, Drugba and Orlov most
e Plovdiv: Kamenitca, Trakia and Banya
e Stara Zagora region: Stara Zagora — zelen klin, Galabovo and Dimitrovgrad.

Results

On Fig. 2 we show seasonal distribution of NO2 over Sofia measured by Tropomi for the
region February 2018 — September 2020. On Fig. 3 we show seasonal NO: distribution, measured by
all ground stations in Sofia as well as an averaged NO: distribution and comparison between
averaged measurements from different ground stations.
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Fig. 2. Seasonal distribution of NO2 over Sofia, measured by Tropomi for the period
February 2018 — September 2020
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Fig. 3. Seasonal NO: distribution, measured by all ground stations in Sofia, averaged NO:2 distribution
and comparison between averaged measurements from different ground stations.

On Fig. 4 and Fig. 5 we show the same for Plovdiv.
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Fig. 4. Seasonal distribution of NO2 over Plovdiv, measured by Tropomi for the period
February 2018 — September 2020

Plodiv ground stations NO, (uglma)
80 ‘

Averaged NO, (ug/m°)

60

v \ % %’/’ —— Kamenitza
40 —— . 40
_.’_/‘/" —— Trakia
20 |~ b %
—e— Averaged 20
0

S » & & &

RS )

fé\\) PN @é WY & ?/& 09‘60 0&0 6&0 0

R 6& e"\ Qé” Kamenitza Trakia Banya Plovdiv city

Fig. 5. The seasonal NO2 distribution, measured by the ground stations in Plovdiv, the averaged NO2 distribution
and the comparison between averaged measurements from different ground stations.

On Fig. 6 we show the seasonal distribution of NO2 over the Stara Zagora region, measured
by Tropomi for the region February 2018 — September 2020.
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Fig. 6. Seasonal distribution of NO2 over Stara Zagora region measured by Tropomi for the period
February 2018 — September 2020
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All three ground stations in Stara Zagora regione show much lower measurement values for
NO:. Not even one monthly value is exceeding 30 ug/m?, which is much lower then the measurements
in Sofia and Plovdiv.

Result comparison and discussion

For comparison of the seasonal behavior in different chosen regions, on Fig. 7 we show
together averaged Tropomi measurements.
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Fig. 7. Averaged Tropomi measurements over Sofia, Plovdiv and Stara Zagora region

As we see, the most polluted with NO2 place is Sofia, then Stara Zagora region and then
Plovdiv.

Seasonal behavior is similar over Plovdiv and Stara Zagora region, and a little different over
Sofia. Above Sofia we see significant increase in autumn and winter months. This is probably caused
by the typical Sofia inverse property. This difference we see mainly in satellite measurements. In
ground station measurements the difference occurs again, but is smaller.

For spatial distribution of NO2 in both cities we can say that there is much bigger difference
between measurements from ground station in Plovdiv, while in Sofia NO2 distribution is almost
uniform.

Ground station seasonal NO2 behavior in Stara Zagora and Dimitrovgrad is typical for the city,
while in Galabovo monthly values are uniformly distributed. We think that this is because the main
source of NO:z in big cities is traffic and it is placed close to the ground stations, while in the Stara
Zagora region the main NO2 source is the industry and thus pollution is prolonged in the vicinity of the
atmosphere.

We can say that Bulgaria definitely is not a NO2 hot place. There is no place with averaged
NO: value close to danger values.

Conclusions

The NO: hot regions in Bulgaria are Sofia, Plovdiv and Stara Zagora region.

While satellite NO2 measurements are comparable in all tree regions, ground station
measurements are much higher for big cities compared to values from stations in Stara Zagora region.

Surprising we don’t see any decrease in NO2z in 2020, with means that COVID-19 doesn’t
decrease NO:2 sources in Bulgaria.
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