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Abstract: At highly populated areas, such as the Greater Athens Area in Greece, the air quality differs
significantly from one municipality to another, being highly affected by the local anthropogenic
sources (traffic, residential heating, navigation) and consequent emissions. Thus, the existence of a
dense network of low-cost air quality sensors provides evidence of seasonal patterns on particulate
concentrations within the urban zone. In the present study, hourly PM2.5 concentrations recorded
using low-cost sensors at six municipalities in the Greater Athens Area (Vrilissia, Psychiko, Peristeri,
Rentis, Agia Varvara, Palaio Faliro) with different characteristics (population density, pollutant
sources, surrounding land use) were collected for the year 2022. The highest mean seasonal values
were recorded in the western and southern suburbs (Peristeri, Rentis and Palaio Faliro) during the
cold period (winter of the year 2022). Mean concentrations decreased significantly in spring; the
mean concentrations were 31.3 µg/m3 and 18.5 µg/m3 in Vrilissia in winter and spring, respectively
(year: 2022).
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1. Introduction

Despite the measures taken which led to reductions in emissions in 2021, 97% of the
European Union (EU)’s urban population was exposed to concentrations of fine particulate
matter (PM2.5) above the WHO annual limit of 5 µg/m3 [1]. The Greater Athens Area
(GAA) is the most densely populated area in Greece, since about 3.2 million people live
and work within 415 km2. It is subdivided into five regional units (Central Athens, North
Athens, Piraeus, South Athens and West Athens; Figure 1). Due to the anthropogenic
activities, and consequently, the variety of emission sources (traffic, residential heating, port
of Piraeus on the south, off-road activities) as well as the complex topography and the mete-
orological conditions, exceedances of the EU limit values for air and particulate pollutants’
concentrations [2] are often recorded by the stations of the National Monitoring Network
of Air Pollution [3]. However, the pollutants’ emission intensities and, consequently, the air
quality differ significantly throughout the year [4,5] and geographically [6]. The existence
of a dense network of low-cost air quality sensors can provide evidence of the sources
and the seasonal patterns on particulate concentrations within the urban zone [7]. For this
reason, in the present study, hourly PM2.5 concentrations recorded using low-cost sensors
at six municipalities in the Greater Athens Area (Vrilissia, Psychiko, Peristeri, Rentis, Agia
Varvara, Palaio Faliro) with different characteristics (population density, pollutant sources,
surrounding land use) were collected for the year 2022.
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Figure 1. The area of interest and the location of the six PurpleAir sensors. 

2. Materials and Methods 
2.1. Instrumentation and Measuring Sites 

Six low-cost PurpleAir sensors were deployed at schools, public buildings, and pri-
vate residences within five regional units of the GAA (Figure 1) to cover the different char-
acteristics of each area. The operation of PurpleAir sensors is based on the monitoring of 
the PM concentrations through the detection of a sample of air through a laser beam. The 
device has two Plantower PMS5003 sensors, labelled as channel A and B. Α built-in fan 
draws air and particles into the measurement chamber in each sensor. The reflection of 
the laser beam by the particles to a detection plate is measured as a pulse. Afterwards, the 
output signal (practically the length of the pulse) is used to calculate the PM1, PM2.5, and 
PM10 concentrations in µg/m3. The values are provided to the user without any correction, 
labelled CF = 1, and with the application of a proprietary algorithm developed by Plan-
tower Ltd., labelled as CF = atm. In the present study, the PM2.5 CF = 1 values were used, 
which were corrected by applying Equation (1), as proposed by [8]: 

PM2.5cor = 9.32 + 0.464 × PM2.5(CF = 1) − 0.0574 × RH, (1)

where PM2.5cor is the corrected PM2.5 concentrations, PM2.5 (CF = 1) is the average concen-
tration of the values measured by channel A and channel B and RH is the relative humid-
ity measured with the sensor. It should be noted that temperature, humidity, and pressure 
data are also recorded by the PurpleAir sensor. Data for the year 2022 were selected as a 
post-COVID-19 period with no restrictions. 

2.2. FEI-GREGAA Emissions Inventory 
The Urban Environmental Sustainability Group (UESG) of the National Observatory 

of Athens has developed the Flexible Emission Inventory for Greece and the Greater Ath-
ens Area (FEI-GREGAA), a database of anthropogenic emissions from multiple anthropo-
genic activities (road transport, navigation, aviation, residential heating, commercial 
cooking, agriculture and industry) mapped at a 2 × 2 km2 grid for Greece and 1 × 1 km2 
grid for the region of Attica [9–11]. It has been created in a geographic information system 
according to the methodology proposed by the European Environment Agency, following 
bottom-up/top-down approaches depending on the type of source, and using data from 
official sources (Ministries, Hellenic Statistical Authority, Eurostat). The database covers 
the period 2006–2019 and is updated on a continuous basis. 

  

Figure 1. The area of interest and the location of the six PurpleAir sensors.

2. Materials and Methods
2.1. Instrumentation and Measuring Sites

Six low-cost PurpleAir sensors were deployed at schools, public buildings, and private
residences within five regional units of the GAA (Figure 1) to cover the different charac-
teristics of each area. The operation of PurpleAir sensors is based on the monitoring of
the PM concentrations through the detection of a sample of air through a laser beam. The
device has two Plantower PMS5003 sensors, labelled as channel A and B. A built-in fan
draws air and particles into the measurement chamber in each sensor. The reflection of
the laser beam by the particles to a detection plate is measured as a pulse. Afterwards,
the output signal (practically the length of the pulse) is used to calculate the PM1, PM2.5,
and PM10 concentrations in µg/m3. The values are provided to the user without any
correction, labelled CF = 1, and with the application of a proprietary algorithm developed
by Plantower Ltd. (Nanchang, China), labelled as CF = atm. In the present study, the PM2.5
CF = 1 values were used, which were corrected by applying Equation (1), as proposed
by [8]:

PM2.5cor = 9.32 + 0.464 × PM2.5(CF = 1) − 0.0574 × RH, (1)

where PM2.5cor is the corrected PM2.5 concentrations, PM2.5 (CF = 1) is the average concen-
tration of the values measured by channel A and channel B and RH is the relative humidity
measured with the sensor. It should be noted that temperature, humidity, and pressure
data are also recorded by the PurpleAir sensor. Data for the year 2022 were selected as a
post-COVID-19 period with no restrictions.

2.2. FEI-GREGAA Emissions Inventory

The Urban Environmental Sustainability Group (UESG) of the National Observatory
of Athens has developed the Flexible Emission Inventory for Greece and the Greater Athens
Area (FEI-GREGAA), a database of anthropogenic emissions from multiple anthropogenic
activities (road transport, navigation, aviation, residential heating, commercial cooking,
agriculture and industry) mapped at a 2 × 2 km2 grid for Greece and 1 × 1 km2 grid
for the region of Attica [9–11]. It has been created in a geographic information system
according to the methodology proposed by the European Environment Agency, following
bottom-up/top-down approaches depending on the type of source, and using data from
official sources (Ministries, Hellenic Statistical Authority, Eurostat). The database covers
the period 2006–2019 and is updated on a continuous basis.
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3. Results and Discussion
3.1. FEI-GREGAA PM2.5 Emissions

As presented in Table 1, PM2.5 emissions from road transport are higher in Peristeri,
while emissions from residential heating are more significant in urban areas. This is due
to differences in population density and type of activity. In Vrilissia, biomass burning
is preferable as a fuel for residential heating; however, the sensor is located close to the
local market, an area having very few residences, that is why the PM2.5 emissions are
very low compared to the rest of the cells. Concerning the monthly profile of emissions at
Peristeri (Figure 2), it is obvious that higher values from residential heating are attributed
in winter, while the values from road transport are almost equally distributed throughout
the year. Less emissions are seen in August due to the decrease in traffic because of the
summer holidays.

Table 1. Annual PM2.5 emissions from the FEI-GREGAA for road transport and residential heating at
the six measuring sites.

PM2.5 Emissions (Tonnes/Cell/y)

road transport residential heating
Faliro 2.07 8.53
Rentis 2.26 15.05
Agia Varvara 0.92 10.01
Peristeri 4.09 10.41
Psychico 0.67 2.45
Vrilissia 1.37 2.02
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Figure 2. The monthly variation of PM2.5 emissions at Peristeri.

3.2. PM2.5 Measurements

The main statistical parameters of the PM2.5 measurements are presented in Table 2.
The highest annual mean values are found in Peristeri, which is located close to the main
urban highway of Athens (Kifissos Highway), and in Rentis, a mixed industrial/urban
area. More specifically, during the morning (7.30–9.30 LT) and the afternoon (6.30–18.30 LT)
rush hours, large traffic jams occur on the National Highway, especially in the area around
the site, resulting in stagnant and low-speed vehicles and consequently higher exhaust
emissions. The maximum value of 230 µg/m3 was recorded in January. The air quality in
Rentis is quite poor since small industries operate in the surrounding area. In addition the
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existence of the National Highway, the Athinon–Piraeus Avenue as well as two shopping
centres further aggravate the problem. Moreover, under favourable meteorological condi-
tions (low wind, temperature inversion, sea breeze), emissions from activities at the nearby
port of Piraeus (ships arrivals/departures, vehicles moving from/to the port) can affect the
local air quality. The sensor in Faliro is located on the roof of a school that is very close to
the coast; thus, it is affected by the sea breeze during the summer. In winter, emissions from
residential heating, in combination with the densely built high buildings and the narrow
streets that prevent the adequate dispersion of pollutants, lead to increased concentrations
being recorded in the evening (max. value on 29 January at 01.00 LT, 199.93 µg/m3). Simi-
larly, in Vrilissia, the highest values were found during winter (mean value 20.55 µg/m3,
Figure 3) in the evening, earlier than the rest of the sites (from 20.00 to 22.00 LT). This
is because the municipality of Vrilissia is at the North Athens regional unit, so the tem-
perature is lower compared to the other sites, and citizens heat their residences earlier in
the day. It is characterised by low population density; however, the biomass burning is
very popular, leading to high particulate emissions. Lower concentrations are recorded
in Agia Varvara (West Athens) and Psychiko (Central Athens) since both sites are located
at medium-population-density areas, mainly affected by heating and traffic without any
other important pollution sources.

Table 2. Statistical analysis of the PM2.5 concentrations (in µg/m3) measured using the PurpleAir
sensors located at six sites in the GAA (all values in µg/m3).

Statistic Std. Error Statistic Std. Error

Faliro

Mean 16.2139 0.15748

Psychiko

Mean 14.7333 0.0991
Median 12.32 Median 12.4332
Std.
Deviation 14.30867 Std.

Deviation 9.0042

Min 3.38 Min 3.69
Max 199.93 Max 125.85

Agia Varvara

Mean 15.6037 0.12493

Vrilissia

Mean 13.7438 0.13575
Median 12.7309 Median 10.549
Std.
Deviation 11.35175 Std.

Deviation 12.33443

Min 3.64 Min 3.42
Max 155.36 Max 180.87

Rentis

Mean 16.9271 0.16353

Peristeri

Mean 17.6635 0.17582
Median 12.8685 Median 13.1665
Std.
Deviation 14.85881 Std.

Deviation 15.97523

Min 3.63 Min 3.64
Max 193.31 Max 230.15

Concerning the seasonal variation of PM2.5 concentrations (Figure 2), one can observe
two obvious patterns. The first one is that values peaked during winter (December–
February) at all sites, with spikes being recorded in January for Peristeri, Rentis and Faliro
in the evening. This is due to the emissions from residential heating and the prevalence of
meteorological conditions that prevent pollutant dispersions (e.g., temperature inversions
and lower-boundary layer height). The second pattern is the small range of values in sum-
mer (from 3.63 µg/m3 in Vrilissia to 33.5 µg/m3 in Peristeri). It should be mentioned that
the lower values were recorded in July. Increased values are also recorded in May, probably
due to the occurrence of Sahara dust events as well as the dispersion of natural particles.
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