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A comparison of mobile and stationary air quality measurements in Lublin, Poland during the COVID-19 lock-
down in 2020 and in a comparable period in 2017 has demonstrated that a substantial decrease of the traffic
intensity by more than 50%, especially during certain times of the day in the lockdown period has only been
partially reflected in the air quality improvement in the city. Mobile measurements carried out during six runs
within a 24-hour period in 2017 and 2020 indicated a decrease of the average PM, 5 and PM;( concentrations by

~ 30% and ~14%, respectively. In turn, stationary measurement results obtained for the same periods
demonstrated their increase by respectively ~35% and ~106% and a decrease in the average NO2, NOy, CeHg
and CO concentrations. This could have been impacted by meteorological factors and emissions from other, non-
traffic-related sources, mainly from residential coal burning. The changes in the vehicle fleet structure could also

have played a role.

1. Introduction

Road traffic is considered as a major source of a wide variety of air
pollutants in urban areas (Polednik et al., 2018; Xiang et al., 2020).
Many studies have demonstrated clear connections between exposure to
air pollution components and negative health effects for people living in
urban areas and near roads and motorways (Baldauf et al., 2009; Font
and Fuller, 2016). Therefore, it is common for various restrictions and
measures to be introduced, aimed at the reduction of road traffic. In
2020, due to the outbreak of COVID-19 (Coronavirus Disease 2019),
there has been an unprecedented decrease in traffic in almost all cities
around the globe as well as in overall population mobility (Shakibaei
et al., 2021; Beria and Lunkar, 2021). In the Central and Eastern Europe
(CEE), similarly to other regions worldwide, traffic volume reduction as
well as its pattern alteration has been observed. Significant changes in
this respect were visible in Poland during the near month-long lockdown
introduced on 25 March 2020 which included a ban on commuting
(subject to certain exceptions) and resulted in a significant decrease of
road traffic throughout the country. In accordance with the General
Directorate for National Roads and Highways (GDDKiA, 2020), the daily
traffic in April 2020 was on average approximately 42% less intense
than the traffic recorded in an analogous period in 2019. Major changes
in the fleet structure have also been observed. The share of passenger
cars with mostly gasoline or LPG (Liquefied Petroleum Gas) engines
decreased to approximately 61% (as compared to 71% before the
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pandemic) with a simultaneous increase of the share of trucks (with
diesel engines) to approximately 24% (16% before the pandemic). In
Lublin, which is the largest city in eastern Poland with a population of
almost 350,000 inhabitants and an area of 147 km?, the congestion level
during the lockdown decreased by more than 50% (TomTom Traffic
Index, 2020). The number of municipal transportation passengers has
decreased as well. The Public Transport Authority in Lublin (ZTM, 2020)
states that it was reduced by almost 90%. Lublin which is not considered
as an industrial city is one of the most congested cities in Europe. This
mainly results from the absence of adequate transportation infrastruc-
ture and high traffic intensity combined with a large number of rela-
tively old, mainly gasoline- and diesel-powered vehicles. Therefore,
vehicular emissions are a significant factor contributing to the total
pollutant concentrations in Lublin (Polednik et al., 2018).

While comparing urban road traffic characteristics during the lock-
down with the characteristics from before or after the lockdown one has
to take into consideration that the traffic intensity depends on many
factors (Duque et al., 2016; Farda and Balijepalli, 2018). For example,
weather conditions or changes in the road network may be of impor-
tance as well as different calendars of public holidays or non-working
days. Therefore, the analyses dealing with traffic intensity changes
should strive to consider the greatest possible number of conditions that
may impact the size of such changes.

Bearing in mind the extraordinary changes in urban traffic during the
COVID-19 pandemic, one should anticipate a relatively large decrease of
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air pollutant levels. And indeed this is confirmed by research carried out
in many cities worldwide which demonstrate clear evidence of lower air
pollutant concentrations (Bauwens et al., 2020; Xu et al., 2020). How-
ever, there are also studies that report higher than expected air pollution
levels. This is explained by the existence of non-COVID-19-related fac-
tors which primarily include different weather conditions in the
compared periods before and during the lockdown (Zhao et al., 2020;
Bekbulat et al., 2020).

Studies carried out to date paid relatively little attention to the
changes of emissions from non-traffic related sources and the quality
changes of traffic-related emissions. One can assume that apart from
traffic intensity and the differences in the weather conditions, also
varying air pollution sources and changes in the structure of the trans-
portation fleet could have a significant impact on urban air quality.

The aim of this paper is to evaluate the impact of the COVID-19
lockdown on traffic-related air pollution in the center of Lublin. Such
impact is specifically examined based on the comparison of mobile and
stationary air pollutant levels measurements during the lockdown in the
spring of 2020 and in a corresponding period in 2017.

2. Materials

Research included mobile and stationary air pollution measurements
carried out in 2017 as well as during the lockdown introduced due to the
COVID-19 outbreak in 2020. Mobile measurements were performed
along a 2.1 km stretch of one of the busiest streets in the city which
included three 4-way intersections with traffic lights (Fig. 1). Before the
pandemic, the maximum traffic intensity was usually registered in the
mornings and afternoons (7:00-9:00 and 15:00-17:00, respectively)
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with traffic volume at each of the intersections exceeding 2000 vehicles
per hour (RBA, 2018).

Mobile Air Pollution Analytic Laboratory (MAPAL) was used to
perform mobile measurements. The route as well as the location of the
sampling points, instruments and measurement procedures have been
described in detail in Polednik and Piotrowicz (2020).

Measurement instruments installed in MAPAL included DustTrak
DRX model 8533 (TSI Inc., USA) which was used to determine the mass
concentrations of PMy, PM; 5, PMj9, RESP and TSP (particles with an
aerodynamic diameter equal or less than 1, 2.5, 10 pym, respirable and
total particles, respectively). Real time measurements of number con-
centrations of particles (PN) with the size ranging from 10 nm up to 32
pm as well as the mass concentrations of PM;, PMy 5, PM;, were per-
formed using Grimm Aerosol Spectrometer 1.109 with Nano Sizer 1.321
(Grimm Aerosol, Germany). P-Trak model 8525 (TSI Inc., USA) was
applied for measuring number concentrations of particles PN; within the
size range from 0.02 to about 1 pm. The number concentrations of
particles greater than 0.3 um (PNg 3 o5, PNos 1, PN1_2, PNy 5, PN5 19
and PN. () were measured using optical spectrometer OPS 3330 (TSI
Inc., USA). All instruments were calibrated by their manufacturers
before the planned measurements and they were additionally subject to
in-field calibration in accordance with the operation and service man-
uals. The logging interval for the instruments was set to 6 seconds. Air
samples were provided to MAPAL instruments through tubes with
endpoints located in the middle of the vehicle, on the left side, at the
height of 1.7 m. Global Positioning System (GPS; Garmin Nuvi
2460LMT) was used to continuously record MAPAL’s speed and posi-
tion, while an HD 1080P Wide angle 170° camera was used to collect the
traffic flow data. Air temperature and relative humidity outside and
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Fig. 1. Map of Europe with Lublin marked and satellite image (Geoportal.gov.pl) of the route for mobile monitoring with sampling points and the location of the air

quality monitoring station.
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inside the vehicle was measured by thermo-hygrometer LB-520 (LAB-EL,
Poland).

The particle concentration results obtained during mobile measure-
ments are considered as estimates of their actual values, as they were
impacted by the type of the applied apparatus - its calibration and other
related factors. For example, in previously conducted studies the
average concentrations of PM;o, PM; 5 and PM; measured by the Grimm
were respectively 1.3, 1.7 and 2.1 times lower than the results deter-
mined using Dusttrak instrument. For PN; concentrations, the values
obtained using Grimm were 1.8 times lower than the concentrations
measured by P-Trak (Polednik et al., 2018).

The ambient air particulate sampling was performed during runs in
both directions along the route. Six runs a day were made in 4-hour
intervals. The route also included 11 stop points (with MAPAL parked
on the sidewalk) at which measurements lasting 5 minutes each were
carried out. The duration of a full run depended on the time of the day
and the traffic intensity. In 2017 during peak hours it took 103 +12 min,
while at night 92 +8 min. In 2020 the duration of test runs was signif-
icantly shorter — during the day they took about 90 minutes, while at
night only about 70 minutes. It was assumed that the traffic conditions
during a single run were the same.

Due to the absence of long-term measurements as well as measure-
ments that would not be significantly impacted by various factors and
that could be compared, this paper only analyzes results obtained during
six consecutive runs in a 24-hour period on 4-5 April 2017 (Tues-
day-Wednesday) and on 16-17 April 2020 (Thursday-Friday). The
selected measurement days were characterized by similar mean ambient
temperatures during the day/at night of approximately 17/8.5 °C
(Table 1). They differed in terms of relative humidity and wind speed
which amounted to 57/72% and 13/13 km h™! in 2017 and 38/54% and
28/10 km h™! in 2020 (https://www.weatheronline.com).

The stationary measurement results were collected from an air
quality monitoring station located approximately 3 km from the moni-
tored route in a residential area with predominantly 2-4-storey buildings
heated mainly by means of coal stoves. The buildings are separated from
one another with small green areas (gardens and trees). The monitoring
station is located about 0.1 km from a street characterized by low traffic
intensity near a hospital compound surrounded by trees. A more busy
road is located approximately 0.6 km away from the monitoring station
in the vicinity of an old wooded cemetery.

The station recorded the concentrations of PMs, s, PM1g, as well as
NO,, NOy, SO,, CgHg, O3 and CO in 1-hour intervals (https://powietrze.
gios.gov.pl).

3. Results

Figure 2a presents the time series of mass concentrations of submi-
cron (PM;) and coarse (PM;) particles measured using DustTrak and
fine (PMys) particles determined by the Grimm instrument in one-
minute intervals obtained in mobile measurements during six consecu-
tive test runs in 2017 and 2020. The time series of ultrafine (PNy ;) and
total (PN) particle number concentrations obtained using Grimm as well
as submicron particle number concentrations (PN;) determined by P-
Trak in one-minute intervals are shown in Figure 2b.

Elevated particle concentrations in certain specific locations along

Table 1
Weather conditions on measurement days in 2017 and 2020.
Date T RH w wd P Description
[°C] [%] [kmh™] [hPa]
2017 04.04 17/9 59/69 18/12 NW 1012 sunny/clear
04.05 18/9 55/75 7/13 NW 1016 sunny/clear
2020 04.16 18/10 32/68 40/10 E 1001 sunny/cloudy
04.17 14/6 43/39 15/9 NE 996 sunny/cloudy

Average day/night temperature (T), relative humidity (RH), wind speed (w),
wind direction (wd), atmospheric pressure (p).
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the monitored route recorded by all the applied instruments during test
runs in 2017 and, to a lesser extent, in 2020 are mostly related to the
increase of traffic-related emissions. Such hotspots include mainly in-
tersections with traffic lights.

Basic statistical information concerning the PM and PN concentra-
tions measured respectively by Dusttrak and Grimm instrument in in-
dividual test runs w 2017 and 2020 is presented in Table 2. Significantly
lower average PM concentration values in 2020 (p < 0.001) were ob-
tained in test runs during the day and in the evening (at 8:00, 12:00,
16:00, 20:00). In turn, during test runs performed at night (at 0:00 and
4:00) they were significantly higher than in 2017. The average PN
concentration values during each test run in 2020 were significantly
lower (p < 0.001) than the average values obtained during corre-
sponding runs in 2017. Overall average PM; and PNy ; concentrations
obtained during mobile measurements in 2020 amounted to 24.1 +£10.9
ug m~2 and 4.1 +£1.4) x10° pt cm ™3 (mean +standard deviation) and
they were lower by respectively ~31% and ~51% than in 2017. Similar
changes were seen with respect to the overall average PMy 5 and PN
concentrations which in 2020 amounted to 24.7 +11.0 ug m™~> and (4.9
+1.6) x10° pt cm > while in 2017 were 35.5 +£20.3 uyg m > and (10.0
+6.5) x10° pt cm 3, respectively. The overall average PM; concentra-
tion during runs in 2020 was 36.5 +11.3 pg m~° and in 2017 was 42.3
+43.6 ug m~° which translated into a ~14% reduction. During mobile
measurements in 2020 the average ratio of PMy 5 to PM;o amounted to
about 0.65 as opposed to 0.87 in 2017 and was approximately lower by
24%.

Figure 3 presents concentration changes of the main air pollutants
(PM25, PM;9, NO3, NOy, SO3, C¢Hg, O3 and CO) recorded by the air
quality monitoring station during two days covering the mobile mea-
surement test run periods (R) in 2017 and 2020. Average PM; 5 and
PM;( concentrations as well as average SO2 and O3 concentrations ob-
tained during stationary measurements corresponding to the time of the
test runs were generally higher in 2020 as compared to 2017. NO3, NOy,
CgHg and CO concentrations were distinctly lower. The mean hourly
concentrations of PM5 5 and PM;( obtained in stationary measurements
in periods of the conducted test runs R amounted to 16.1 +2.3 pg m™>
and 56.2 +£23.5 g m > and were respectively ~35% and ~106% higher
than in 2017. The average PM, 5 to PM;( ratio amounted to about 0.35
in 2020 and to about 0.46 in 2017 i.e. it was lower by approximately
24% in 2017. The mean hourly concentrations of NOx and CO (examples
of pollutants for which concentration decrease was recorded) amounted
t09.5 +5.0 ugm > and 117 £58 yg m > in 2020 and 26.3 +10.1 pg m >
and 418 +96 ug m~> in 2017 which entails a respective reduction by
approximately 64% and 72%. However, it needs to be clearly noted that
the values are estimated based on relatively short-term measurements
performed in a monitoring station which was not located in the direct
proximity of the considered route and was situated in a substantial
distance from traffic-intense streets. The obtained differences in the
pollutant concentrations indicate that in 2020 (as compared to 2017) air
pollution sources other than traffic-related ones were dominant in the
vicinity of the monitoring station and presumably in the entire city. One
of such probable sources is residential combustion for heating purposes,
which could have been more intense due to less favorable weather
conditions — greater wind speed.

Figure 4 presents average PMy 5 and PM;( concentrations obtained in
individual test runs during mobile measurements (data from Dusttrak)
and results for the same periods obtained in stationary measurements in
2020 and 2017, average 2020/2017 ratios of such particle concentra-
tions as well as average PMy 5 to PM;( ratios obtained during mea-
surements in both considered years.

The presented line graphs indicate that the change pattern of average
PM, 5 and PM; o concentrations obtained during the subsequent test runs
in 2017 corresponds to the change pattern of those concentrations ob-
tained in stationary measurements, with a reservation that higher values
were obtained during mobile measurements. For both mobile and sta-
tionary measurements the highest values of the analyzed particle
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Fig. 2. (a). Time series of PM;, PMj, 5 and PM;( concentrations during mobile measurements in 2017 and 2020 (PM;, PM;, — data from Dusttrak, PM, 5 — data from
Grimm). (b). Time series of PNy ;, PN; and PN concentrations during mobile measurements in 2017 and 2020 (PN ;, PN — data from Grimm, PN; - data from P-trak).
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concentrations were recorded during the period of performing the test
run at 20:00. In 2020 the average PM; 5 and PM;( concentration change
patterns for mobile and stationary measurement differ significantly.
During mobile measurements the lowest concentration values of both

Time [h:min]

Fig. 2. (continued).

particle fractions (below 30 ug m ™ and 35 pg m ™3, respectively) were
obtained in test runs performed during the day (at 8:00, 12:00, 16:00).
In turn, in all stationary measurements average PMj 5 concentrations did
not exceed 20 pg m~> while the highest average PM;, concentration
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Table 2

Descriptive statistics for particle mass (PM) concentrations (in pg m~®) and
particle number (PN) concentrations (in x10° pt cm ™) obtained during mobile
measurements in 2017 and in 2020 (PM data from Dusttrak and PN data from

Grimm).

Run Particles 2017 2020

8:00 PM; 37/35 (25-83) [31.8] 23/22 (19-27) [7.0]
PM, s 38/35 (25-84) [31.7] 23/23 (20-28) [7.0]
PM;o 46/43 (30-105) [31.9] 31/31 (25-46) [12.2]
PNo.1 10.8/9.1 (3.0-28.8) [55.9] 4.2/3.9 (1.4-12.2) [32.3]
PN 12.9/10.6 (3.7-33.4) [54.1]  5.0/4.8 (1.7-13.0) [28.1]

12:00 PM; 26/21 (15-311) [132] 12/12 (8-24) [20.2]
PMys 27/21 (15-338) [140] 13/13 (8-25) [20.0]
PM;o 41/24 (16-858) [235] 26/25 (18-43) [20.7]
PNo1 6.5/3.5 (1.7-42.8) [111] 4.4/4.2 (3.1-6.3) [17.9]
PN 7.5/4.4 (2.1-46.0) [104] 4.9/4.6 (3.6-7.1) [16.6]

16:00 PM; 29/28 (20-66) [25.3] 14/13 (10-23) [14.2]
PMys 29/29 (20-67) [25,3] 14/14 (11-24) [13.7]
PM;o 34/33 (21-72) [25.0] 28/27 (21-37) [12.5]
PNo.1 8.6/5.6 (1.8-42.3) [84.7] 4.2/4.0 (2.9-8.7) [24.9]
PN 10/6.8 (2.1-45.4) [81.3] 4.8/4.6 (3.3-9.5) [23.8]

20:00 PM; 48/44 (26-87) [32.2] 28/28 (18-58) [20.7]
PM, 5 49/44 (26-88) [32.1] 29/29 (19-62) [20.9]
PM;o 54/49 (28-95) [31.8] 47/45 (32-136) [26.4]
PNo.1 10.1/9.3 (4.2-38.2) [44.2] 4.3/3.8 (1.3-14.8) [52.2]
PN 12.4/11.5 (6.1-44.3) [40.8] 5.2/4.7 (1.7-18.2) [49.6]

0:00 PM; 30/30 (22-45) [14.4] 36/36 (31-44) [8.6]
PM, s 30/30 (22-45) [14.4] 37/36 (32-44) [8.5]
PM;o 34/34 (25-56) [17.1] 44/43 (37-53) [8.1]
PNo.1 6.3/6.2 (2.0-12.8) [35.4] 3.5/3.0 (2.1-9.6) [38.3]
PN 7.7/7.9 (2.5-14.6) [33.2] 4.4/3.8 (2.7-10.2) [35.3]

4:00 PM; 38/37 (32-60) [14.1] 41/41 (37-45) [4.6]
PM, 5 39/37 (32-61) [14.5] 42/42 (38-45) [4.7]
PM;o 42/40 (34-69) [17.9] 47/47 (43-53) [5.3]
PNo.1 6.6/5.3 (4.2-34.9) [66.3] 3.9/3.7 (2.5-7.2) [19.7]
PN 8.0/6.7 (5.6-36.2) [56.2] 4.8/4.6 (3.4-8.4) [18.3]

Arithmetic average/median (range) [coefficient of variation].

values were recorded during the day and in the evening with a
maximum value of above 80 ug m~ at midday.

For mobile measurements the ratios of PM5 5 concentrations in 2020
and 2017 as well as the ratios of PM;¢ concentrations in 2020 and 2017
achieved the value greater than 1 only in test runs carried out at night.
For test runs performed during the day, such ratios were lower than 1.
For stationary measurements, those ratios were greater than 1 for both
PM, 5 and PM; particle concentrations irrespectively of the time of the
measurement. At 12:00 and 16:00 PM;( concentrations in 2020 were
over 4 times higher than in 2017.

Average PM, 5 to PM;o concentration ratios presented in Figure 4
demonstrate that greater values were obtained in both mobile and sta-
tionary measurements in 2017 and the greatest discrepancies as
compared to 2020 are seen for measurements carried out during the
daytime. For mobile measurements in 2017, the average PMy 5 to PM;q
concentration ratios exceeded 0.8 during all test runs. In 2020 this value
was exceeded only for test runs carried out at night (at 0:00 and 4:00).
The average PM, 5 to PM;( concentration ratios in stationary measure-
ments in 2017 and 2020 during the day amounted to approximately 0.4
and 0.2, respectively. At night those ratios had similar values and
increased to about 0.5 at 0:00 and 0.7 at 4:00.

4. Discussion

Numerous studies conducted to date on the impact of COVID-19
lockdowns on air quality in urban areas failed to provide satisfactory
explanations of the observed, often contradictory relations between
decreased traffic intensity and air pollutant concentration (Nakada and
Urban, 2020; Xiang et al., 2020; Kumar et al., 2020). The relationship
between traffic flows and air pollution was unclear even before the
pandemic. Although the majority of studies indicated positive correla-
tions between traffic volumes and nitrogen oxide concentrations (Lahde
et al., 2014; Shi et al., 2018), the results regarding particulate matter
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concentrations were not unequivocal. For example, some studies found
that PM;o concentrations increased together with the increase of the
traffic intensity (Grivas et al., 2004; Madrazo et al., 2019). In turn, other
studies indicated either a poor or no such correlation (Kurz et al., 2020;
Qu et al., 2019). A relatively low percentage of particle mass concen-
trations and high percentage of particle number concentrations from
traffic emissions was also reported. For example, according to the
Washington State Department of Ecology only 2% of annual statewide
PM; 5 emissions come from on-road mobile sources (Washington State
Department of Ecology, 2018). However, it needs to be emphasized that
in more populous counties such emissions are significantly higher, e.g.
in King County they make up about 14% of total PM5 5 emissions. With
respect to particle number concentrations, Xiang et al., (2020) demon-
strated that nucleation-mode particles are a leading contributor to
roadside ultrafine particles. It was also noted that the obtained results
are impacted by many factors which should be taken into account during
their analysis. The most important factors include, among other things,
differences in weather conditions such as wind speed and direction, air
temperature, relative humidity, thermal inversions, and precipitation
level as well as varying air pollutant emissions generated by residential
and industrial sectors (Agudelo-Castaneda et al., 2013; Pan et al.,
2016;3). Attention was also paid to site-specific results that are charac-
teristic for air quality measurements carried out by monitoring stations
located away from roadways (Boogaard et al., 2010; Pasquier and
André, 2017).

The results of this study suggest that in Lublin the traffic changes,
especially in certain locations, and times of the day may not have
decisive impact on the ambient air quality and indicate that factors such
as varying other pollution sources, weather conditions and changes in
the transportation structure may be of importance. The significantly
higher particle concentrations (especially of PM;() obtained in station-
ary and mobile measurements carried out at night during the COVID-19
lockdown in 2020 as compared to the corresponding measurements in
2017 may be attributed to intensive emissions from other non-traffic-
related sources. In Lublin, similarly to many other CEE cities one can
assume with a high degree of certainty that such sources include resi-
dential coal burning for heating purposes which have a dominant impact
e.g. on mass particle concentrations during certain periods of the day
(Polednik, 2013). One also has to draw attention to the fact that the air
quality monitoring station where the stationary measurements were
carried out is located in residential area where traffic-related emissions
usually have a lower impact on the air quality than the emissions related
to residential activities. Due to the absence of industrial emission
sources, their impact should be excluded. The risk of pollutant trans-
portation is also minimal as the areas around the city are rather rural
(Geoportal.gov.pl).

Naturally, apart from non-traffic-related emissions, the reported
pollutant levels can be impacted by weather conditions. The considered
measurements were carried out on non-rainy days, however, both
measurement periods in 2017 and 2020 differed in terms of wind speed,
its direction and air relative humidity. Such weather conditions e.g.
wind speed in studies carried out by Xiang et al., (2020) were generally
negatively correlated with urban air pollution levels. On the other hand,
in studies carried out by e.g. Rossi et al. (2020) wind speed also had a
negative impact on the ambient air quality, however, the temperature —
similarly as in several other studies (Wang et al., 2020; Tobias et al.,
2020) had a positive effect. The increased particle mass concentrations
in measurements carried out in 2020 may therefore be partially attrib-
uted to higher wind speed that could result in more intense resuspension
of particles deposed all types of surfaces, including the sidewalks of the
monitored road. The study carried out by Zhao et al. (2020) that applied
the WRF model is an example of research in which an attempt was made
to eliminate the impact of weather conditions on the changes of air
pollutant concentrations during the COVID-19 pandemic. Xiang et al.,
(2020) neutralized the impact of metrological factors by adjusting them
to the traffic changes with the use of multivariate autoregressive models.
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Fig. 3. Air pollutant concentration changes during stationary measurements in 2017 and 2020. R — periods of test runs during mobile measurements.

The obtained results related to the concentrations of the remaining
measured non-particulate air pollutants are generally consistent with
those obtained in previous studies in which e.g. lower nitrogen oxide
concentrations during the COVID-19 lockdowns was reported (Lian
et al., 2020; Connerton et al., 2020; Rossi et al., 2020). The decrease in
NO, concentration which reflected the progressively reduced traffic
intensity in the region of Lombardy in Italy has been shown in studies
performed e.g. by Piccoli et al. (2020). Os concentration increases, CO
decreases and negligible changes in SO have been observed in studies
performed in different regions of India by Sharma et al. (2020). Tobias
et al. (2020) reported O3 concentration increases by around 50% in in
the city of Barcelona. Drastic reductions in NO, NO, and CO concen-
trations and increases in O3 concentrations in the urban area in Sao
Paulo were reported by Nakada and Urban (2020). Substantial re-
ductions in NO3 and other air pollutants as well as O3 increases were also

observed in Malaysia (Latif et al., 2021). Studies carried out by Wang
and Li (2021) indicated that in selected eight cities (Wuhan, New York,
Milan, Madrid, Bandra, London, Tokyo and Mexico City) COVID-19
lockdowns reduced NO2 concentrations by 40-50% with a simulta-
neous increase of O3 concentrations by 17-20%. In turn, while consid-
ering VOCs in ambient air Altuwayjiri et al. (2021) and Sannino et al.
(2021) have reported decreased C¢Hg concentration at residential sites
respectively in Milan and in the area of Naples. The above-presented
observations depart form the assumed pattern in which NO3 and VOCs
concentrations are closely related to O3 concentration in ambient air
(Biswas et al., 2019). NO, and VOCs under sufficient solar radiation and
high humidity act as precursors of O3. Xu et al. (2020) in studies carried
out in three cities in central China (in Wuhan, Jingmen, and Enshi)
explain the observed O3 increases and NO; decreases with constraints on
photochemical reactions and the related less effective O3 removal.
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Fig. 4. PM, 5 and PM;, concentrations and their ratios during mobile and stationary measurements in 2017 and 2020.

Quantitative results concerning the impact of the COVID-19
outbreak on the urban air quality should be interpreted with great
caution, all the more that the studies may not consider all influencing
factors, while the factors that are examined may not be stable. For
example, the observed differences in the air pollutant concentrations in
Lublin in 2020 measurements during the COVID-19 lockdown could,

apart from the decreased traffic intensity and the differences in weather
conditions, be also attributed to the changes of the vehicle fleet structure
and other non-stable traffic characteristics. Due to the uncertainty of the
latter factors, it is difficult to assess their impact on the urban air quality.

Further, more detailed research concerning the impact of road traffic
changes on the urban air quality should take into consideration
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quantitative pollutant emission variations from all major sources. This
includes the impact related to traffic and meteorological parameters that
may play a decisive role in the dispersion of the pollutants. Although the
presented preliminary results of studies carried out in a typical CEE city
can be considered as representative for this region, more comprehensive
research covering also other locations is advisable to be able to eliminate
or control and effectively minimize the specific factors deteriorating
urban air quality.

5. Conclusions

The carried out mobile and stationary measurements of the air
pollutant levels in Lublin in 2020 during the COVID-19 lockdown
characterized by a significant decrease of the traffic flow and in a
comparable period in 2017 indicated that traffic-related pollutions,
especially during certain times of the day are not the main factor
impacting the quality of the urban air. Emissions from other non-traffic-
related sources and weather conditions may be of importance and may
lead to substantial changes of the air pollutant levels. For the considered
periods and locations in which mobile and stationary measurements
were carried out residential coal burning and wind speed could have
been of importance. Changes in the vehicle fleet structure and in other
traffic characteristics during the COVID-19 lockdown could also be
significant contributors. Further, more comprehensive research is
necessary to effectively control, eliminate or minimize factors that
adversely affect urban air quality.

Declaration of Competing Interest

The author declares that he has no known competing financial in-
terests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The author would like to thank Aleksandra Polednik for support in
preparing the manuscript as well as Adam Piotrowicz and Lukasz Guz for
measurement assistance. This work was financially supported by the
Polish Ministry of Science and Higher Education under Grant no. S-13/
WIS/2017.

References

Agudelo-Castaneda, D. M., Teixeira, E. C., Rolim, S. B. A., Pereira, F. N., & Wiegand, F
(2013). Measurement of particle number and related pollutant concentrations in an
urban area in South Brazil. Atmos. Environ., 70, 254-262. https://doi.org/10.1016/j.
atmosenv.2013.01.029

Altuwayjiri, A., Soleimanian, E., Moroni, S., Palomba, P., Borgini, A., De Marco, C.,
Ruprecht, A. A., & Sioutas, C. (2021). The impact of stay-home policies during
Coronavirus-19 pandemic on the chemical and toxicological characteristics of
ambient PM; 5 in the metropolitan area of Milan. Italy. Sci. Total Environ., 758,
Article 143582. https://doi.org/10.1016/j.scitotenv.2020.143582

Baldauf, R., Watkins, N., Heist, D., Bailey, C., Rowley, P., & Shores, R. (2009). Near-road
air quality monitoring: Factors affecting network design and interpretation of data.
Air Qual. Atmos. Health., 2, 1-9. https://doi.org/10.1007/s11869-009-0028-0

Bauwens, M., Compernolle, S., Stavrakou, T., Miiller, J. F., van Gent, J., Eskes, H.,
Levelt, P. F., van der A, R., Veefkind, J. P., Vlietinck, J., Yu, H., & Zehner, C (2020).
Impact of coronavirus outbreak on NO; pollution assessed using TROPOMI and OMI
observations. Geophys. Res. Lett., 47. https://doi.org/10.1029/2020GL087978

Bekbulat, B., Apte, J. S., Millet, D. B., Robinson, A., Wells, K. C., & Marshall, J. D. (2020).
PM; 5 and ozone air pollution levels have not dropped consistently across the US
following societal covid response. ChemRxiv Preprint. https://doi.org/10.26434/
chemrxiv.12275603.v7

Beria, P., & Lunkar, V. (2021). Presence and mobility of the population during the first
wave of Covid-19 outbreak and lockdown in Italy. Sustain. Cities Soc., 65, Article
102616. https://doi.org/10.1016/j.sc5.2020.102616

Biswas, M. S., Ghude, S. D., Gurnale, D., Prabhakaran, T., & Mahajan, A. S. (2019).
Simultaneous observations of nitrogen dioxide, formaldehyde and ozone in the Indo-
Gangetic Plain. Aerosol Air Qual. Res., 19, 1749-1764. https://doi.org/10.4209/
aaqr.2018.12.0484

Boogaard, H., Montagne, D. R., Brandenburg, A. P., Meliefste, K., & Hoek, G. (2010).
Comparison of short-term exposure to particle number, PM10 and soot

Sustainable Cities and Society 73 (2021) 103096

concentrations on three (sub) urban locations. Sci. Total Environ., 408, 4403-4411.
https://doi.org/10.1016/j.scitotenv.2010.06.022

Connerton, P., de Assungao, J. V., de Miranda, R. M., Slovic, A. D., Pérez-Martinez, P. J.,
& Ribeiro, H. (2020). Air quality during COVID-19 in four megacities: Lessons and
challenges for public health. Int. J. Environ. Res. Public Health., 17, 5067. https://doi.
0rg/10.3390/ijerph17145067

Dugque, L., Relvas, H., Silveira, C., Ferreira, J., Monteiro, A., Gama, C., Rafael, S.,
Freitas, S., Borrego, C., & Miranda, A. I. (2016). Evaluating strategies to reduce
urban air pollution. Atmos. Environ., 127, 196-204. https://doi.org/10.1016/j.
atmosenv.2015.12.043

Farda, M., & Balijepalli, C. (2018). Exploring the effectiveness of demand management
policy in reducing traffic congestion and environmental pollution: Car-free day and
odd-even plate measures for Bandung city in Indonesia. Case Stud. Transp. Policy., 6,
577-590. https://doi.org/10.1016/j.cstp.2018.07.008

Font, A., & Fuller, G. W. (2016). Did policies to abate atmospheric emissions from traffic
have a positive effect in London? Environ. Pollut., 218, 463-474. https://doi.org/
10.1016/j.envpol.2016.07.026

GDDKIiA. (2020). Traffic on national roads during COVID-19 epidemic. https://www.
gddkia.gov.pl/pl/a/37504/Ruch-na-drogach-krajowych-w-czasie-epidemii
(Accessed in January 2021).

Grivas, G., Chaloulakou, A., Samara, C., & Spyrellis, N. (2004). Spatial and temporal
variation of PM;( mass concentrations within the greater area of Athens, Greece.
Water Air Soil Pollut, 158, 357-371. https://doi.org/10.1023/B:
WATE.0000044859.84066.09

Kumar, P., Hama, S., Omidvarborna, H., Sharma, A., Sahani, J., Abhijith, K. V.,
Debele, S. E., Zavala-Reyes, J. C., Barwise, Y., & Tiwari, A. (2020). Temporary
reduction in fine particulate matter due to ‘anthropogenic emissions switch-off’
during COVID-19 lockdown in Indian cities. Sustain. Cities Soc., 62, Article 102382.
https://doi.org/10.1016/j.scs.2020.102382

Kurz, C., Orthofer, R., Sturm, P., Kaiser, A., Uhrner, U., Reifeltshammer, R., & Rexeis, M.
(2020). Projection of the air quality in Vienna between 2005 and 2020 for NO3 and
PM; . Urban Clim, 10, 703-719. https://doi.org/10.1016/j.uclim.2014.03.008

Latif, M. T., Dominick, D., Hawari, N. S. S. L., Mohtar, A. A. A., & Othman, M (2021). The
concentration of major air pollutants during the movement control order due to the
COVID-19 pandemic in the Klang Valley. Malaysia. Sustain. Cities Soc., 66, Article
102660. https://doi.org/10.1016/j.scs.2020.102660

Lahde, T., Niemi, J. V., Kousa, A., Ronkko, T., Karjalainen, P., Keskinen, J., Frey, A.,
Hillamo, R., & Pirjola, L. (2014). Mobile Particle and NOx Emission Characterization
at Helsinki Downtown: Comparison of Different Traffic Flow Areas. Aerosol Air Qual.
Res., 14, 1372-1382. https://doi.org/10.4209/aaqr.2013.10.0311

Lian, X., Huang, J., Huang, R., Liu, C., Wang, L., & Zhang, T. (2020). Impact of city
lockdown on the air quality of COVID-19 hit of Wuhan city. Sci. Total Environ., 742,
Article 140556. https://doi.org/10.1016/j.scitotenv.2020.140556

Madrazo, J., Clappier, A., Cuesta, O., Belalcazar, L. C., & Gonzalez, Y. (2019). Evidence of
traffic-generated air pollution in Havana. Atmdsfera, 32, 15-24. https://doi.org/
10.20937/atm.2019.32.01.02

Nakada, L. Y. K., & Urban, R. C (2020). COVID-19 pandemic: impacts on the air quality
during the partial lockdown in Sao Paulo state. Brazil. Sci. Total Environ., 730(15),
Article 139087. https://doi.org/10.1016/j.scitotenv.2020.139087

Pan, L., Yao, E., & Yang, Y. (2016). Impact analysis of traffic-related air pollution based
on real-time traffic and basic meteorological information. J. Environ. Manage., 183,
510-520. https://doi.org/10.1016/j.jenvman.2016.09.010

Pasquier, A., & André, M. (2017). Considering criteria related to spatial variabilities for
the assessment of air pollution from traffic. Transp. Res. Procedia., 25, 3354-3369.
https://doi.org/10.1016/j.trpro.2017.05.210

Piccoli, A., Agresti, V., Balzarini, A., Bedogni, M., Bonanno, R., Collino, E., Colzi, F.,
Lacavalla, M., Lanzani, G., Pirovano, G., Riva, F., Riva, G. M., & Toppetti, A. M.
(2020). Modeling the Effect of COVID-19 Lockdown on Mobility and NO2
Concentration in the Lombardy Region. Atmosphere., 11, 1319. https://doi.org/
10.3390/atmos11121319

Polednik, B. (2013). Particulate matter and student exposure in school classrooms in
Lublin. Poland. Environ. Res., 120, 134-139. https://doi.org/10.1016/j.
envres.2012.09.006

Polednik, B., & Piotrowicz, A. (2020). Pedestrian Exposure to Traffic-related Particles
Along a City Road in Lublin. Poland. Atmos. Pollut. Res., 11, 686-692. https://doi.
org/10.1016/j.apr.2019.12.019

Polednik, B., Piotrowicz, A., Pawlowski, L., & Guz, £. (2018). Traffic-related particle
emissions and exposure on an urban road. Arch. Environ. Prot., 44(2), 83-93. https://
DOI 10.24425/119706.

Qu, H,, Lu, X., Liu, L., & Ye, Y. (2019). Effects of traffic and urban parks on PM;o and
PM, 5 mass concentrations. Energy Sources Part A: Recovery Util. Environ. Eff., 1-13.
https://doi.org/10.1080/15567036.2019.1672833

RBA. (2018). Road and Bridge Authority in Lublin (in Polish). http://www.zdm.lublin.eu/?
page_id=1716 (Accessed in December 2020).

Rossi, R., Ceccato, R., & Gastaldi, M. (2020). Experimental Evidence from COVID-19
Lockdown. Sustainability, 12, 8984. https://doi.org/10.3390/s5u12218984

Sannino, A., D’Emilio, M., Castellano, P., Amoruso, S., & Boselli, A (2021). Analysis of air
quality during the COVID-19 pandemic lockdown in Naples (Italy). Aerosol Air Qual.
Res., 21, Article 200381. https://doi.org/10.4209/aaqr.2020.07.0381

Shakibaei, S., De Jong, G. C., Alpkokin, P., & Rashidi, T. H. (2021). Impact of the COVID-
19 pandemic on travel behavior in Istanbul: A panel data analysis. Sustain. Cities Soc.,
65, Article 102619. https://doi.org/10.1016/].5¢5.2020.102619

Sharma, S., Zhang, M., Gao, J., Zhang, H., & Harsha, S. (2020). Effect of restricted
emissions during COVID-19 on air quality in India. Sci. Total Environ., 728, Article
138878. https://doi.org/10.1016/j.scitotenv.2020.138878


https://doi.org/10.1016/j.atmosenv.2013.01.029
https://doi.org/10.1016/j.atmosenv.2013.01.029
https://doi.org/10.1016/j.scitotenv.2020.143582
https://doi.org/10.1007/s11869-009-0028-0
https://doi.org/10.1029/2020GL087978
https://doi.org/10.26434/chemrxiv.12275603.v7
https://doi.org/10.26434/chemrxiv.12275603.v7
https://doi.org/10.1016/j.scs.2020.102616
https://doi.org/10.4209/aaqr.2018.12.0484
https://doi.org/10.4209/aaqr.2018.12.0484
https://doi.org/10.1016/j.scitotenv.2010.06.022
https://doi.org/10.3390/ijerph17145067
https://doi.org/10.3390/ijerph17145067
https://doi.org/10.1016/j.atmosenv.2015.12.043
https://doi.org/10.1016/j.atmosenv.2015.12.043
https://doi.org/10.1016/j.cstp.2018.07.008
https://doi.org/10.1016/j.envpol.2016.07.026
https://doi.org/10.1016/j.envpol.2016.07.026
https://www.gddkia.gov.pl/pl/a/37504/Ruch-na-drogach-krajowych-w-czasie-epidemii
https://www.gddkia.gov.pl/pl/a/37504/Ruch-na-drogach-krajowych-w-czasie-epidemii
https://doi.org/10.1023/B:WATE.0000044859.84066.09
https://doi.org/10.1023/B:WATE.0000044859.84066.09
https://doi.org/10.1016/j.scs.2020.102382
https://doi.org/10.1016/j.uclim.2014.03.008
https://doi.org/10.1016/j.scs.2020.102660
https://doi.org/10.4209/aaqr.2013.10.0311
https://doi.org/10.1016/j.scitotenv.2020.140556
https://doi.org/10.20937/atm.2019.32.01.02
https://doi.org/10.20937/atm.2019.32.01.02
https://doi.org/10.1016/j.scitotenv.2020.139087
https://doi.org/10.1016/j.jenvman.2016.09.010
https://doi.org/10.1016/j.trpro.2017.05.210
https://doi.org/10.3390/atmos11121319
https://doi.org/10.3390/atmos11121319
https://doi.org/10.1016/j.envres.2012.09.006
https://doi.org/10.1016/j.envres.2012.09.006
https://doi.org/10.1016/j.apr.2019.12.019
https://doi.org/10.1016/j.apr.2019.12.019
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0027
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0027
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0027
https://doi.org/10.1080/15567036.2019.1672833
http://www.zdm.lublin.eu/?page_id=1716
http://www.zdm.lublin.eu/?page_id=1716
https://doi.org/10.3390/su12218984
https://doi.org/10.4209/aaqr.2020.07.0381
https://doi.org/10.1016/j.scs.2020.102619
https://doi.org/10.1016/j.scitotenv.2020.138878

B. Polednik

Shi, K., Di, B., Zhang, K., Feng, C., & Svirchev, L. (2018). Detrended cross-correlation
analysis of urban traffic congestion and NO; concentrations in Chengdu. Transp. Res.
Part D., 61, 165-173. https://doi.org/10.1016/j.trd.2016.12.012

Tobias, A., Carnerero, C., Reche, C., Massagué, J., Via, M., Minguillén, M. C.,
Alastuey, A., & Querol, X. (2020). Changes in air quality during the lockdown in
Barcelona (Spain) one month into the SARS-CoV-2 epidemic. Sci. Total Environ., 726,
Article 138540. https://doi.org/10.1016/j.scitotenv.2020.138540

TomTom. (2020). TomTom Traffic Index. http://www.tomtom.com/trafficindex
(Accessed in January 2021).

Wang, Q., & Li, S. (2021). Nonlinear impact of COVID-19 on pollutions — Evidence from
Wuhan, New York, Milan, Madrid, Bandra, London, Tokyo and Mexico city. Sustain.
Cities Soc., 65, Article 102629. https://doi.org/10.1016/j. scs.2020.102629.

Wang, Y., Yuan, Y., Wang, Q., Liu, C., Zhi, Q., & Cao, J. (2020). Changes in air quality
related to the control of coronavirus in China: Implications for traffic and industrial
emissions. Sci. Total Environ., 731, Article 139133. https://doi.org/10.1016/j.
scitotenv.2020.139133

10

Sustainable Cities and Society 73 (2021) 103096

Washington State Department of Ecology. (2018). Washington State 2014 comprehensive
emissions inventory. URL.https://ecology.wa.gov/DOE/files/0d/0dfbc0d0-8485-
4620-981b-d6636e1157ee.pdf. (Accessed in January 2021).

Xiang, J., Austin, E., Gould, T., Larson, T., Shirai, J., Liu, Y., Marshall, J., & Seto, E.
(2020). Impacts of the COVID-19 responses on traffic-related air pollution in a
Northwestern US city. Sci. Total Environ., 747. https://doi.org/10.1016/j.
scitotenv.2020.141325

Xu, K., Cui, K., Young, L. H., Hsieh, Y. K., Wang, Y. F., Zhang, J., & Wan, S. (2020).
Impact of the COVID-19 event on air quality in central China. Aerosol Air Qual. Res.,
20, 915-929. https://doi.org/10.4209/aaqr.2020.04.0150

Zhao, Y. B, Zhang, K., Xu, X. T., Shen, H. Z., Zhu, X., Zhang, Y. X., Hu, Y., & Shen, G.
(2020). Substantial changes in nitrogen dioxide and ozone after excluding
meteorological impacts during the COVID-19 outbreak in mainland. China. Environ.
Sci. Technol. Lett., 7, 402-408. https://doi.org/10.1021/acs.estlett.0c00304

ZTM (2020). Lublin in epidemic time. https://www.dziennikwschodni.pl/(Accessed in
January 2021).


https://doi.org/10.1016/j.trd.2016.12.012
https://doi.org/10.1016/j.scitotenv.2020.138540
http://www.tomtom.com/trafficindex
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0037
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0037
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0037
https://doi.org/10.1016/j.scitotenv.2020.139133
https://doi.org/10.1016/j.scitotenv.2020.139133
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0039
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0039
http://refhub.elsevier.com/S2210-6707(21)00379-6/sbref0039
https://doi.org/10.1016/j.scitotenv.2020.141325
https://doi.org/10.1016/j.scitotenv.2020.141325
https://doi.org/10.4209/aaqr.2020.04.0150
https://doi.org/10.1021/acs.estlett.0c00304

	Air quality changes in a Central European city during COVID-19 lockdown
	1 Introduction
	2 Materials
	3 Results
	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	Acknowledgements
	References


