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Abstract: Based on ground-based measurements, the impact on air pollution over the Greater Athens
Area (GAA) due to the two public lockdown periods (first lockdown period: 23 March 2020 until
3 May 2020; second lockdown period: 7 November 2020 until 2 May 2021) in the GAA implemented
to stop the spread of the COVID-19 is analyzed. The findings demonstrated that vehicular traffic is
the main culprit of air pollution in the GAA, while secondary factors for the air pollution over the
GAA are considered heating systems and the weather, while the ‘ozone paradox’ was noticed, too.
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1. Introduction

In late December 2019, pneumonia of an unknown cause was diagnosed in Wuhan,
Hubei Province, China. It was derived from a recently discovered coronavirus (Severe
Acute Respiratory Syndrome CoronaVirus 2 or SARS-CoV-2) that led to the outbreak of the
infamous COVID-19 disease. As this disease spread worldwide, countries implemented
lockdown measures and changes in work and living habits were noted. This led to a
reduction in passenger car use, and an enhancement in anthropogenic pollution conditions
was proposed, after the examination and comparison of multiple satellite images.

A number of studies analyzing in situ air quality data during the pandemic period
have reported results from China and other Asian countries [1,2]. In Europe, the first studies
were from Southern European countries that applied large-scale confinement measures
from the outset to counter the rapidly spreading disease [3,4].

Specifically, in Greece, Melidis & Tzagkarakis conducted research in order to investi-
gate the monthly average concentration values of NO,, PM; 5 and particulate matter (PM;)
during the period 2019-2020, in the GAA, Thessaloniki, and Patra. The authors concluded
that NO,, PM; 5 and PM;j emissions in these three cities, during 2020, saw an overall de-
cline. However, the authors noted some increases in the pollutants” concentrations towards
the last months of 2020, creating a mixed picture [5].

Barmparesos et al. in their study noticed that the concentrations of CO, NO, and PM;
in the atmosphere over the GAA, during the lockdown period (24 March 2020 until 7 April
2020) were reduced by 47%, 35% and 24%, respectively, compared to the those observed in
the pre-confinement period (19 February 2020 until 11 March 2020) [6].

In another study, Grivas et al. examined the levels of NO,, CO, PM; 5, CO,, black
carbon (BC) and source-specific BC components over the GAA and compared them with
the respective levels in the four previous years. The results, presented by the authors,
showed a concentration reduction of 30-35% for traffic-related pollutants in the GAA (BC,
CO, and NO; produced by fossil fuel burning), compared to the concentrations observed
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in the pre-confinement period. A decrease in urban CO, was noticed, too, while the decline
in PM, 5 was more subtle (18%) [7].

Inspired by the above-mentioned studies, this research focuses on the consequences of
the two lockdown periods (first lockdown period: 23 March 2020 until 3 May 2020; second
lockdown period: 7 November 2020 until 2 May 2021) in terms of the air quality within the
Greater Athens Area (GAA), Greece, and these will be compared to consequences of the
pre-lockdown period (pre-lockdown period: 1 January 2016 until 22 March 2020). Locally
emitted, regulated air pollutants in the Attica Basin (carbon monoxide (CO), sulfur dioxide
(50,), ozone (O3), nitrogen dioxide (NO,) and particulate matter (PM;)) are going to be
examined on a monthly, daily and hourly basis and will allow for a better approach to this
investigation, as the identification and study of the seasonality, the weekend effect and the
intraday variation, respectively, of each one of the five studied pollutants for each period
will show how much the pollution levels have really changed during the two confinement
periods.

2. Data and Methodology

Air pollution concentrations have been collected by the network of fourteen air pol-
lution monitoring stations, all located within the GAA, owned by the Hellenic Ministry
of Environment and Energy (HMEE) and are uploaded, annually, on the HMEE site as
.dat files. These data have been downloaded from the HMEE site and with the use of
Apple’s spreadsheet application ‘Numbers’, have been converted into .numbers files to
be processed. Thus, the monthly, daily and hourly average concentration values of the
studied pollutants were calculated separately for the three above-mentioned periods, for
each pollutant, and the respective figures were made.

Figure 1 presents the map of the fourteen operational (number one to number fourteen)
air pollution monitoring stations in the GAA. Note that the red numbered dots, are air
pollution monitoring stations, which are out of service and are not included in this study.
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Figure 1. Map of air pollution monitoring stations in the Greater Attica region [8].

More specifically, the fourteen air pollution monitoring stations are Athinas (ATH) (dot
number 1), Aristotelous (ARI) (dot number 2), Geoponiki (GEO) (dot number 3), Liossia
(LIO) (dot number 4), Lykovrissi (LYK) (dot number 5), Maroussi (MAR) (dot number 6),
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Nea Smyrni (SMY) (dot number 7), Patission (PAT) (dot number 8), Piraeus (PIR) (dot
number 9, Peristeri (PER) (dot number 10), Agia Paraskevi (AGP) (dot number 11), Elefsina
(ELE) (dot number 12), Thrakomakedones (THR) (dot number 13) and Koropi (KOR) (dot
number 14).

Four of the above monitoring stations are characterized as urban traffic (UT) stations,

two as suburban industrial (SI) stations, five as suburban background (SB) stations and the
rest three as urban background (UB) monitoring stations.

Figure 2 depicts a detailed description of the coordinates, altitude, characterization,

and pollutants which were recorded by each monitoring station within the GAA.

Station Pollutants
Location
ENo.on WGS'84 HGRSS7 Altituge  Characteri g0, NO: co 03 PMio
Map zation
Long. Lat. X (m) y (m) (m)

ATH [1] 23.726845 37.978204 475,861 4,203,144 75 uT X X X X

ARI [2] 23.727617 37.988066 475,932 4,204,238 75 uT X X
GEO [3] 23.705153 37.984100 473,958 4,203,804 40 SI X X X

LIO [4] 23.697781 38.076741 473344 4,214,085 165 SB X X EX4
LYK [5] 23.788986 38.067793 481,341 4,213,070 234 SB X X X
MAR [6] 23.787372 38.030837 481,190 4,208,970 170 UB X X X X
SMY [7] 23.713020 37.931998 474,631 4,198,021 50 UB X X X X
PAT [8] 23.733053 37.999587 476,413 4,205,515 105 uT X X X

PIR [9] 23.645230 37.944656 468,679 4,199,446 4 uT X X X X X
PER [10] 23.688361 38.020811 472,497 4,207,882 80 UB X X X
AGP [11] 23.819421 37.995110 483,995 4,205,000 290 SB X X X
ELE [12] 23.538432 38.051322 459,354 4,211,322 20 SI X X X X
THR [13] 23.758195 38.143521 478,662 4,221,479 550 SB X X X
KOR [14] 23.879026 37.901308 489,215 4,194,584 140 SB X X X X

Figure 2. Detail characteristics of the fourteen air pollution monitoring stations within the GAA [9].

3. Results and Discussion

Figure 3 depicts the monthly average concentrations of PM10 within the GAA during

the examined periods. After examining the hourly, daily and monthly average concentra-
tion values in the atmosphere over the GAA, for all of the three examined periods, the
following observations could be made:

A proportional influence of CO and vehicular traffic is seen. In particular, it is noticed
that whenever there is intense vehicular traffic, CO concentration values are high.
A couple of strong examples are (a) the first confinement period and the very low
concentration values of CO in the atmosphere (when the restriction measures were
rigorous and thus, there was almost no use of vehicles) and (b) a station with the
codename “PAT”, which recorded the highest, in most cases, CO concentration values
as heavy vehicular traffic is present in that area, compared to those recorded by other
stations.

A small proportional influence of NO, and vehicular traffic is seen, as there is a
decrease in NO, concentration values, in the atmosphere over the GAA, during
the two lockdown periods, but not a significant one. Other factors affect the NO,
concentration in the atmosphere over the GAA, too.

The two main reasons for the increase in O3 concentration in the atmosphere during
the lockdown periods (especially the first one) are (a) the reduction in NOys emissions,
as O3 can be degraded by NOys, by which it is also formed, and (b) the sunny,
warm weather.



Enwiron. Sci. Proc. 2023, 26, 98 4o0f6

C PM10 (ug/mA3)

50

C PM10 (ug/mA3)

C PM10 (ug/mA3)

e A proportional influence of PM;y, vehicular traffic, and heating systems is observed.
In particular, it is noticed that whenever there is intense vehicular traffic or a usage
of heating systems, PM;g concentration values are high. A strong example is the
first confinement period accompanied by the low concentration values of PM; in the
atmosphere (when the restrictions measures were rigorous and thus, there was almost
no use of vehicles; in addition, the weather was warm and there was no use of heating
systems).

e A proportional influence of SO, and vehicular traffic is observed. In particular, it
is noticed that whenever there is intense vehicular traffic, SO, concentration values

are high.
B ARI B MAR M smy I PR B PER M Lo B LYK AGP M ELE W THR M KOR
Pre COVID - PM10 - Urban Pre COVID - PM10 - City Dweller

50

375

25

125

40

@
S

o
2
E
2
§ 20
=
o
S
10
0
M ARI W MAR W smy W PIR W PER Huo LK AGP M ELE M THR M KOR
COVID 1 - PM10 - Urban COVID 1 - PM10 - City Dweller
40
30
5
E
2
§ 20
b3
a
o
10
0
March April March April
(0) (d)
Huo MUK AGP M EE METHR M KOR
M ARl M MAR W smy W PIR M PER
COVID 2 - PM10 - Urban COVID 2 - PM10 - City Dweller
40
30
&
<
2
S 20
b3
[
o
10
0
November ~ December  January February March April November ~December  January February March April
(e) (f)

Figure 3. (a) Monthly average concentration values of PMy in the atmosphere, during the pre-COVID
period (urban stations); (b) monthly average concentration values of PM; in the atmosphere, during
the pre-COVID period (suburban stations); (c) monthly average concentration values of PMy in the
atmosphere, during the first lockdown period (urban stations); (d) monthly average concentration
values of PMjg in the atmosphere, during the first lockdown period (suburban stations); (e) monthly
average concentration values of PMjg in the atmosphere, during the second lockdown period (urban
stations); (f) monthly average concentration values of PMyj in the atmosphere, during the second
lockdown period (suburban stations).



Environ. Sci. Proc. 2023, 26, 98 50f6

4. Conclusions

After analyzing the data on regulated air pollutants in the Attica Basin during the
COVID-19 confinement periods, comparing them with each other and also with those for
the pre-lockdown period, this project shows that vehicular traffic is the main culprit of air
pollution in the GAA, as CO, NO,, SO, and—to a lesser extent—PM;( concentrations in the
atmosphere decreased, especially during the first restriction period, in which the measures
were stricter than those of the second period. Secondary factors for the air pollution over
the GAA are considered heating systems and the weather.

Furthermore, the ‘0zone paradox’ was noticed, too. O3 can be degraded by NOys, by
which it is also formed. As NOys’ emissions were decreased (due to the presence of almost
no vehicular traffic), O3 concentration in the atmosphere over the GAA, during the two
lockdown periods (especially during the first one), increased, compared to those in the
pre-confinement period.

Concentration values of CO, NO, and SO, seem to be higher at the downtown-urban
monitoring sites, while for Os, typically higher values are observed at the city dweller—
suburban sites. Topography and a low mixing layer height combined with southwestern
local winds of a low speed (sea breeze) in Athens often result in ozone accumulation in the
northern and northeastern suburbs, especially during the summertime afternoon hours [9].

CO and SO; concentrations during the winter period are higher than those during the
summer period [9].

Overall, the temporal variation in the measured air pollutant concentrations in the
GAA, since 1984, shows a general decline in the concentrations of certain air pollutants [9].
The air quality over the GAA is within sustainable frameworks between 2016 and 2021.
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