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Abstract

The main objective of this work is to investigate the temporal variation of PMio
concentrations within the urban area of Athens during the years 2001-2015. For this
purpose, the time series of the particulate matter with aerodynamic diameter less than 10pum
(PMio) is recorded for a 15-year period (2001-2015) in two different monitoring stations
located in the urban area of Athens. The results show a totally different behavior of PMio
concentrations between the Athens city center and the suburban areas. It seems that in the
city center the main sources of PMio are traffic and heating systems especially during the
cold period of the year. Furthermore, in the city center a significant seasonal variation was
found with high concentrations during the cold period of the year and lower concentrations
during the warm period of the year. Moreover, it was found that during the weekends, there
is a decrease in PMio concentrations probably due to the fact that majority of people do not
use their vehicles. Finally, for both locations a significant temporal decreasing trend of the
mean annual PMio concentrations was found which indicates that during the last years,
there have been improvements towards a better air quality.

Keywords

particulate matter; temporal variation; urban area of Athens; Greece

Introduction

Particulate matter with aerodynamic diameter less than 10pum (PMio) is a mixture of solid
particles and liquid droplets. In general terms, particulate matter can be a mixture of
combustion particles, organic matter, metals, sulphates, nitrates, sea salt, dust, etc. The
sources of PMio in the atmosphere are burning fuels, such as wood and coal (in home
heating systems and industry) and petrol and diesel (from vehicles). There are also natural
sources such as volcanoes, pollen, wild fires, dust, and sea salt. Furthermore, particulate
matter can be formed in the air from reactions between gases or between gases and other
particles.

Several epidemiological studies have shown a link between particulate air pollution and
adverse health effects [1-6]. Ambient particles, among other environmental factors, are
considered to have a strong impact on the air quality and are of great concern in health-
related problems, especially the inhalable particulate matter [7-9]. PMio can get deep into


http://dx.doi.org/10.20944/preprints201612.0095.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2016 d0i:10.20944/preprints201612.0095.v1

the lungs and may trigger asthma exacerbation [10-13]. The mechanism that is responsible
for these health effects remains largely unknown. As the particles are made of partially
inert carbon, which does not have bioactive properties, their pathogenic component has not
been identified yet. Fine particles also contain biological components such as endotoxin,
transition metals and gases such as polycyclic aromatic hydrocarbons. All these gases can
cause inflammation when cultured with lung cells [14].

Like most European metropolitan cities, Athens suffers with the problem of air pollution.
Concerning the greater Athens area (GAA), there are two major air pollutants, particulate
matter and ozone. Many researchers have investigated the PMio concentrations within the
urban environment of the GAA. Progiou and Ziomas [15] developed a cost efficient
comprehensive method in order to help decision makers to take the most appropriate
measures towards particulates pollution abatement. The method was based on the
estimation of source apportionment from the application of 3D meteorological and
dispersion modeling and was validated with the use of 10 years (2002-2012) PMio
monitoring data, in Athens, Greece, as well as using PMio emission data for the same area
and time period. Paraskevopoulou et al. [16] in order to identify the sources of aerosols
within the GAA collected a total of 1510 daily samples of fine (PM2.s) and coarse (PMio-
2.5) aerosols at a suburban site (Penteli), during a five-year period (May 2008—April 2013)
corresponding to the period before and during the Greek financial crisis. In addition,
aerosol sampling was also conducted in parallel at an urban site (Thissio), during specific,
short-term campaigns during all seasons of the year. In all these samples, mass and
chemical composition measurements were performed, the latest only at the fine fraction.
Benas et al. [17] developed multiple linear and higher order equations for the estimation of
the PMio spatial distribution over the broader area of Athens, Greece, based on satellite
data. In situ PMio measurements for the period 2007-2010 were used to calibrate the
satellite observations. Remoundaki et al. [18] in their study reported results on PMio
monitored at an urban site of Athens, Greece at 14m above ground level during an intense
Sahara dust transport event. According to their results, sulfur and heavy metal
concentrations were associated to local emissions as well as to very fine particles <Ipm.
Grivas et al. [19] in their study analyzed PMio concentrations that have been collected by
the Greek air quality-monitoring network at 8 different locations over the GAA, for the
period of 2001-2004. The primary objectives were to assess the degree of compliance with
the European Union-legislated air quality standard for PMio and also to provide an overall
statistical examination of the factors controlling the seasonal and spatial variation of
concentrations, over the wider urban agglomeration of Athens city.

In the present work, the temporal variation of PMio concentrations within the urban GAA
during the time period 2001-2015 is studied in order to provide a guide of PMio variation
during the day, the week, the month and the whole year.

Results and Discussion

For this specific work, mean daily PMio concentrations from two different locations within
the GAA were used, covering the time period 2001-2015. Initially, the mean annual PMio
concentrations for both ARI (city center) and THR (suburban area) were calculated. Figure
1 depicts the variation of mean annual PMio concentrations for ARI station (a) and THR
station (b).
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Figure 1: Mean annual PMio concentrations at ARI (a) and THR (b) air pollution

monitoring stations within the GAA. Period 2001-2015

By looking at Figure 1, we can see that for the city center ARI, the concentration of PMio
for the years 2001-2011 has been above the European Union (EU) Directive Threshold [20]
of 40ug/m3. However, for years 2011 to 2015, improvements have been made and the
concentration of PMio is slightly below the EU directive threshold limit. It can also be
estimated that the concentration of PMio in ARI region has been decreasing from the year
2001 to 2015 by looking at the trend line of the graph which states that every year the
concentration of PMio in ARI has been decreasing at the rate of -1.66ug/m? per year. For
THR, the concentration for the year 2014 is not given due to lack of data. By looking at
Figure 1b, we can see that the concentration of PMio for the years 2001-2013 in THR has
been below the EU Directive Threshold of 40ug/m®. It can also be seen that the
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concentration of PMio in THR region has been slightly decreasing from the year 2001 to
2015 by looking at the trend line of the graph which states that every year the concentration
of PMio has been decreasing at the rate of -0.47pg/m’ per year. By looking at both the
graphs, we can see that there is huge difference in PMio concentrations between the city
center (ARI) and the suburban areas (THR) with the city center presenting high
concentrations in comparison with the suburban areas (almost double). This might be due to
traffic and also because of the fact that the city center is the most populated area within the
GAA.

Figure 2 presents the mean monthly PMio concentrations for both ARI and THR air
pollution monitoring stations during the examined period 2001-2015.
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Figure 2: Mean monthly PMio concentrations at ARI (a) and THR (b) air pollution
monitoring stations within the GAA. Period 2001-2015.

By looking at Figure 2a, we can see that during the cold period of the year (October-April)
the mean monthly concentrations of PMio in ARI are higher than during the hot period of
the year (May-September). This perhaps reinforces the view that traffic and burning oil or
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coal in heating systems are the major contributors of PMio in the urban environment. Also,
we can see that during the months June, July and August, the concentration of PMio in ARI
has almost been the same and the lowest of the year (43ug/m?). This is probably due to the
fact that during these three summer months, the most of GAA inhabitants are away from
Athens city for summer vacations. For THR station (Figure 2b) we can see that during the
spring period (March-May), the concentration of PMio is the highest compared with the
other seasons. The reason for this might be that THR is a suburban area with low
population density and a huge number of plantations. As a result, there is higher
concentration of PMio there during the spring due to natural resources (e.g. pollen, dust,
etc).

Figure 3 shows the intra-weekly variation of PMio for both ARI (a) and THR (b) during the

cold period of the year.
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(b)
Figure 3: Intra-weekly variation of PMio concentrations at ARI (a) and THR (b) air
pollution monitoring stations within the GAA during the cold period of the year. Period
2001-2015

By looking at Figure 3a, we can see that on Friday, the concentration of PMio in ARI is the
highest while on Sunday it is the lowest. The reason for higher concentration of PMio on
Fridays in the city center is that Friday is the last working day of the week and so after
work, people prefer to go for a night out or go meet their friends or make the last purchases
of the week. As a result, the number of vehicles on the roads increases. The vehicles release
harmful substances in the air including PMio because of which the concentration of PMio in
ARI (city center) on Fridays is higher than the rest of the days. On Sunday, the
concentration of PMio is the lowest because usually on Sundays people prefer to stay in
their homes as it is a holiday and most of the shops and supermarkets are closed. As a
result, there are less people on the streets and hence less traffic because of which the
concentration of PMio is lowest during Sundays. For THR station (Figure 3b) we can see
that on Friday, the concentration of PMio is also the highest while on Saturday it’s the
lowest. The reason for higher concentration on Friday is probably the same as ARI. Finally,
comparing the intra-weekly variation of PMio at ARI and THR it is evident that in the city
center for all the days of the week, PMio concentrations are much higher than the
corresponding at the suburban area of THR (almost double).

The same analysis for intra-weekly PMio variation was also done for the warm period of
the year. Figure 4 shows the intra-weekly variation of PMio for both ARI (a) and THR (b)
during the warm period of the year.
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Figure 4: Intra-weekly variation of PMio concentrations at ARI (a) and THR (b) air

pollution monitoring stations within the GAA during the warm period of the year. Period
2001-2015
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Figure 4a shows the weekly concentration of PMio in ARI region during the warm period
of the years 2001-2015. By looking at the graph, we can see that during the working days
(Monday-Friday), the concentration of PMio in ARI is higher than during the weekend
(Saturday and Sunday). This is because on working days, people go for work using their
cars, buses, etc. As cars release harmful pollutants in the air including PMio, the
concentration of PMio is higher during those days. In the weekends, people prefer to stay in
their homes and so there are fewer vehicles on the streets and hence less PMio particles are
released in the air. THR (Figure 4b) follows the same trend as that of ARI. During the
working days, there is higher PMio concentration while during the weekends, there is less
PMio concentration. The reason might be the same as ARI as on working days there is
usually more traffic than during the weekends. On Sundays, PMio concentration is the
lowest as it a holiday and most of the shops and supermarkets are closed because of which
people prefer to stay in their homes. Finally, comparing the intra-weekly variation of PMio
at ARI and THR during the warm period of the year, it is evident that in the city center for
all the days of the week, PMio concentrations are much higher than the corresponding at the
suburban area of THR (almost double). Also, during the warm period of the year, PMio
concentrations are lower in ARI than during the cold period of the year but in suburban area
of THR, the case seems to be totally different. During the warm period of the year, PMio
concentrations are higher than the corresponding during the cold period of the year. This
might be due to the presence of natural PMio sources at THR station (dry weather, dry
ground and dust).

According to the EU Directive 2008/50/EC [20], a daily threshold of PMio concentration
was established. So, if the mean daily concentration of PMio is equal to or higher than
50pg/m® then that specific day is considered as an exceedance day. Also, the highest annual
number of exceedance days is up to 35 days per year [20], which means 9.6% of the days of
a calendar year. Taking into account the aforementioned daily threshold, for each one of the
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examined year (2001-2015), the annual number of exceedance days was calculated for both
ARI and THR air pollution monitoring stations.

Figure 5 depicts the annual percentage (%) of exceedance days during the examined period
2001-2015 for both ARI (a) and THR (b) air pollution monitoring stations within the GAA.
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Figure 5: Percentage (%) of annual exceedance days at ARI (a) and THR (b) air pollution
monitoring stations within the GAA. Period 2001-2015

By looking at Figure 5a, we can see that from 2001 till 2015, the annual percentage (%) of
exceedance days is higher than the EU threshold limit of 9.6%. However, during the
examined period 2001-2015, the percentage has been decreasing sharply and by looking at
the trend line we can see that it is decreasing at the rate of -3.3% per year. The reason for


http://dx.doi.org/10.20944/preprints201612.0095.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2016 d0i:10.20944/preprints201612.0095.v1

such a huge decrease is that from 2002 onwards, new metro lines were introduced because
of which people started to travel via the metros instead of using their personal cars. This
with the combination of other actions and measures that have been taken by the
government, greatly reduced the traffic on the streets, hence contributing to a decrease in
the concentration of PMio released in the air. For THR station, during the whole examined
period 2001-2015, the annual percentage (%) of exceedance days is around the EU
threshold limit of 9.6% (except for the year 2010). By the trend line, we can see that the
annual percentage of exceedance days in THR is decreasing at the rate of -0.48% per year.
The decrease is small because a steady state is presented at THR and so there is no major
problem regarding the concentration of PMio as THR is a suburban area.

Figure 6 depicts the time series of PMio mean daily concentrations during 2001-2015 for
ARI (a) and THR (b). It is evident that in the urban environment of Athens city center
(Figure 6a) and taking into consideration the EU Directive for clean air, most of the days
during the year are exceedance days ([PMio]>50ug/m?). In case of the suburban area of
THR (Figure 6b), it seems that PMio presents a lower concentration with a small number of
exceedance days during the year. In both cases (ARI and THR), the extreme PMio
concentrations have been related, in most cases, with the Sahara dust event [23-24]
(transportation of African dust).

700

600 — ARI

—— EU Daily Threshold
500
400

300

PM,o (ug/m®)

200

100

[y
ol VIR IR TR i

0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

(2)


http://dx.doi.org/10.20944/preprints201612.0095.v1

0 = 3 2%EZ
[ o = toht
[} el 3= no/tf
N o g a3m0
% s o5 B
o S & 8
= = — -
] . o = 3 SINIR=lS
o =S - Q O(Ca
g = 5 4 < & O .2
s B = m < R= Emmm
2 = g I 2 28228
. - S UL 5 £95 o8
||lm T 01 Lnlmm M.LWJM«I)
| N o) lm E qCP%
b= M_ - [ = O
| N ~~ Pm w amoe
= = —
2 = =S § £8%S
, : = 5 5 2 - 58
- A o — el
& =g ps ARG E=
L — ..M) e —_—
2 o < Q o 0,2 T S
S S mp my OE B =
| o %) Q )] ISE=
2 g - 2=, Z2gEZ
L Lm \}w ..meo e T = msa.m
5 o e g L yvo
y 8 5 £55 2%
i e 9 g o £ £=3 8
° S Q o S = o O
-_— < [wn) .I.R - = Y
| o N S = [ONe\] aRpe
< N S =gan! s o = =
g g - 2 & < TEoZ2
= B = f=lh ! c & MTaH
= 3 p 2 = cAa 8% 9.
I ® | o o~ > ==~ =3 ==
a S ] = = emal
14 1B < | ogen - &= 8
ER = 5 : | EE 538
g = =2 2 - 273 =8 <.k
__ N = 7 “/ O < 7.,rma
S < = e = P~ 2% o
_ : 8 > g i i : i ;i [ i | i | | 9 E=s—x
S 8 8 8 8 8 8§ =©° = 5 838833388838 ¢8¢8° < %7285
7777777 =t ®© ¥ & 6 ® ® ¥ W 6 ® © ¥ « 2 w»n .~ 9 -
m N2 § &8 N N v + = « ~« T O Fh
(.wy6H) O 5 2 g ge S > 3
u/ Nd = &S  suoljemnasqo Jo 19 quiny = 7 2 g = E
A < g = Z g5 =
3y 5 g D= TR -
° ~ 0 ~E E2 w3
) o w5 T 2
5 n 5 g 5= 5 25 S
= = S o
on — en < = Q = o
o O P o =
=~ S — o = & <= g



http://dx.doi.org/10.20944/preprints201612.0095.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2016 d0i:10.20944/preprints201612.0095.v1

city center live under moderate PMio concentrations. Furthermore, a percentage of 32%
(every third day) are exceedances days with PMio concentrations above the EU threshold
value of 50ug/m’ indicating a poor air quality. On the other hand, the suburban area of
THR presents a percentage of 51% of the days per year (almost half of the year) with good
air quality and only 7% of the days per year have PMio concentrations above the EU
threshold value of 50pug/m?.

Materials and Methods

The city of Athens is located in an area of a complex topography within the Athens basin
(~450km?). Mountains surround the city from the north, west and east sides with heights
ranging from 400m to 1500m. Openings between these mountains exist at the northeast and
west of the basin, while the sea extends southwards (Saronikos Gulf). The Athens basin has
a southwest to northeast major axis and is bisected by a cluster of small hills. In late
summer, fall and winter, the prevailing winds in the Athens basin blow from North (N) to
Northeast (NE) while in the spring and early summer, they blow from South-Southwest
(SSW) to Southwest (SW). The NE and SW directions coincide with the major
geographical axis of the basin. During the prevalence of local circulation systems, such as
sea/land breezes along the major NE-SW geographical axis of the basin, the ventilation of
the basin is poor [21-22]. The geography of the area does not favor the dispersion of air
pollutants. The main emissions are due to transport (vehicle emissions), industry, and
domestic heating.

The aim of the specific work is to statistically treat PMio concentrations and to investigate
the temporal variation of PMio concentrations at two different locations within the GAA
during the time period 2001-2015. More specifically, mean daily PMio concentrations from
two different air pollution monitoring sites, Thrakomakedones (THR) and Aristotelous
(ARI) have been used (Figure 8). ARI is located at Athens city center and is characterized
as a city center traffic monitoring station. Furthermore, THR is located at the north side of
GAA and is characterized as a suburban background monitoring station. The mean daily
concentrations of PMio used in this research have been recorded by the air pollution
monitoring network of the Greek Ministry of Environment and Energy (GMEE).
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Figure 8: The map of the GAA with the two air pollution monitoring stations

Initially, for each station the mean annual, mean monthly and mean daily concentrations of
PMio were calculated. Then, a statistical treatment took place and graphs with annual
variation of PMio concentrations; monthly variation and inter-weekly variation were
extracted combined by respective conclusions.

Conclusions

In this study mean daily PMio concentrations within the greater urban Athens area during
the time period 2001-2015 were analyzed. Results showed that there is a significant
decreasing trend of the annual PMio concentration for both the Athens city center and the
suburban area of Thrakomakedones. A strong seasonality in Athens urban center was found
with minima during warm period of the year and maxima during the cold period of the
year. Totally opposite seasonality at Thrakomakedones suburban area appeared. Also, for
both the city center and the suburban area, during the weekends, a minimum mean daily
concentration of PMio was found. Finally, there was a huge number of exceedances days,
according to the EU directive for clean air ([PM10]>50pug/m3) per year, in the city center
with a significant decreasing trend during the examined period.

In conclusion, we can say that PMio is a major air pollutant for the GAA but shows a
decreasing trend during the last decade, demonstrating that the measures taken by the state
are beginning to pay off (new metro lines, new highways across the GAA, new airport
services away from the urban agglomeration of Athens city, dedicated bus lanes, etc).
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