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Abstract

Istanbul, the biggest city of Turkey, is in a common route for air parcels. Air pollutants are carried over the city from Asian,
African, and European continents. Sahara Desert, the largest dust source on earth, affects Turkey’s air qualities substantially due
to millions of tons of mineral dust being transported from the African continent towards Turkey every year. Although the effect of
Saharan dust transportation on PM;( concentrations in Turkey was examined many times, its effect on PM, 5 concentrations has
not been studied yet sufficiently. In February 2015, Istanbul experienced a Saharan dust episode and during this event the
concentrations of particulate matter rose to very high levels. This study focuses on particulate matter concentrations (PM;
and PM, s5) during this Saharan dust episode to better understand the effect of dust transportation on Istanbul’s air quality.
HYSPLIT trajectory model, satellite products, and air quality monitoring data from ground observations were utilized. We show
that the PM concentrations increased significantly during the dust episode while PM, 5 concentrations didn’t increase consid-
erably. There was only a slight rise in the values of PM, 5. The significant increase for the PM;, values can be explained by the

higher gravitational settling velocities of coarse particles in the atmosphere.
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Introduction

The air pollution and its health impacts have attracted world-
wide attention during the last decades. Various studies showed
that all types of air pollution, at high concentrations, can affect
the airways. On the other hand, low-level air pollution is as
dangerous as high-level ones once the long-term exposure is
in account. Even within the limits of the current air quality
standards, the negative health effect of air pollutants can still
be observed and measured (Vedal et al. 2003).

Particulate matter is a complex mixture of particles of var-
ious sizes and chemical composition originating from various
sources. Sahara desert, which produces about half of the an-
nual mineral dust in the world, is the largest dust source of
atmospheric mineral dust (Karanasiou et al. 2012). The impact
of dust storms can be observed many hundreds of kilometers
downwind from the emission source. Large amounts of dust
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from Sahara desert substantially affect particulate matter con-
centrations around the world (Carlson and Prospero 1972;
Griffin et al. 2001; Cadelis et al. 2014; Stafoggia et al. 2016).
Turkey’s largest city, Istanbul, is in a common route for air
parcels. Air pollutants are carried over European continent
crossing over the city to the Asian and Mediterranean regions.
Air masses arriving to Istanbul are seasonally dependent and
include air pollution originating in European and Black Sea
countries during winter and desert dust-loaded air originating
in northern Mediterranean (Saharan) and Arabian countries
during spring (Karaca et al. 2009; Ozdemir 2019).
Particulate matter concentrations can reach very high values
during the dust episodes. Because of that, Saharan dust events
have an important effect on the air quality levels of Turkey.
In this study, we examined the Saharan dust particulate
matter episode on Istanbul in February 2015 by using air qual-
ity and meteorological data with NASA satellite images and
Aqua/Modis Satellite aerosol products. Our study area was
selected as the Sahara desert and the eastern Mediterranean
while focusing on Istanbul, where an intense dust event oc-
curred during the period of 01-02 February 2015. The synop-
tic analysis and NASA satellite maps showed Sahara desert as
dust source region. The dust plumes hovered off from the
coasts of Egypt and Libya on the date of 01 February and
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spanned Aegean Sea and finally reached as far north as
Istanbul. The stations of air quality monitoring network in
Istanbul captured these high values which were good matched
with the NASA satellite images and MODIS on Aqua/Modis
Aerosol Optical Depth values. The results suggest a signifi-
cant contribution of Sahara dust to high levels of PM;, in
Istanbul.

Methodology
Study area

Located between Black Sea and Sea of Marmara, Istanbul is
the largest urban area of Turkey with 5 400 km® area. With a
population of 16 million, the city forms one of the largest
urban agglomerations in Europe. Istanbul is separated as
Asian and European parts by Bosphorus strait which is ap-
proximately 30 km in length. The city has a Mediterranean
climate. Nowadays, Istanbul is facing especially particulate
matter and NO, pollution depending on the emission sources
(Incecik and Im 2012). The major emission sources in the city
are motor vehicles, industrial processes, residential heating,
and the ship emissions (Unal et al. 2011). Additionally, the
trans-boundary pollutant transport significantly affects the air
quality of Istanbul. According to the sensitivity analysis re-
sults, the response of Istanbul background PM;, concentra-
tions can be as much as 26%, when anthropogenic emissions
throughout Europe are changed by 50% (Kindap et al. 2006).
Istanbul also experiences dust transport especially in the
spring months coming mainly from the Sahara (Karaca et al.
2009; Ozdemir 2019).

Ground-based data

Hourly air pollution data (PM;, and PM, 5) were used
from the database of the Republic of Turkey Ministry of
Environment and Urbanization, the government agency in
charge of collection of air pollution data in Turkey. The
hourly concentrations for each pollutant were obtained
from the 9 fixed-site air quality monitoring stations of
Marmara Clean Air Center Monitoring Network (Sile,
Silivri, Esenyurt, Basaksehir, Umraniye, Mecidiyekoy,
Sirinevler, Uskudar, and Kandilli). To evaluate the weath-
er conditions on the episode days, hourly meteorological
data (temperature and relative humidity) were obtained
from the Air Quality Monitoring Stations where meteoro-
logical measurements are also made. Daily means of the
concentrations calculated from the hourly data of the pol-
lutants and weather variables were used to represent the
daily reading for Istanbul.
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Satellite data

Atmospheric remote sensing is one of the methods that can be
used to measure levels of air pollutants. Remote sensing data
come from satellites which can be used in combination with
ground-based data to help us to get a better understanding
when and where air pollution is being happened. In this study,
Hybrid Single-Particle Lagrangian Integrated Trajectory
Model developed by Air Resources Laboratory of National
Oceanic and Atmospheric Administration (NOAA) was used.
Region coordinates are marked on the map in the HYSPLIT
model and past trajectories showing dust transportation on the
maps are obtained. In order to visually examine the high par-
ticulate matter concentrations during the episode days, NASA
Earth Data satellite images were also used in the study.

Results

On 01 February 2015, a cyclone centered on Adriatic Sea with
a 990-hPa low pressure center caused a southerly wind event
on the eastern Mediterranean (Fig. 1). Desert sands lifted by
strong winds hovered off the coasts of North Africa and
spanned the Aegean Sea, passing over Istanbul and reaching
as far north as the Black Sea. The dust storm hit the Marmara,
Aegean, Black Sea, and Mediterranean Sea regions of Turkey.
Dust-laden weather was accompanied by low atmospheric
pressure, warm air, and strong winds during the episode
(Figs. 2 and 3). The daily average air temperature on the day
of the event was 17.4 °C which is well above the average (6.1
°C) and maximum temperature (9 °C) values of February of
Istanbul. The daily average wind speed (6.5 m/s) was also
very high compared with the average wind speed value (2.6
m/s) of the city.

Spatial distribution of MODIS/Aqua AOD values for the
area of Northeastern African coast, Aegean Sea, and Western
Turkey between 30 January and 04 February 2015 are shown
in Fig. 4. In white areas, data is not available due to the cloud
presence. From January 30 to January 31, AOD values were
very low (< 0.2). On 01 February, very high AOD values (>
1.0) were observed due to atmospheric dust transportation
starting from the northern part of Libya, passing through the
Aegean Sea and reaching to Black Sea over Istanbul (Fig. 4).

In Fig. 5, dust load transport and its path can be seen well
on NASA Earth Data imaginary as a continuous dust flow
from North Africa to the Black Sea.

In order to see AOD observation values numerically, the
times series of area-averaged aerosol optical depth values be-
tween 29 January and 04 February 2015 are presented in Fig.
6. The daily average value of AOD before the dust episode
was between 0.1 and 0.2 from January 29 to 31. This value
rose to 1.2 on 01 February due to the dust transportation event.
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Fig. 1 500 hpa geopotential
(gpdam) and mean sea-level
pressure (hPa) map of Europe at
06:00 UTC on 01 February 2015
(wetterzentrale 2020)
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The AOD value decreased during the next days after the dust ~ column and often a huge increase of particulate matter
episode. at the ground level. Because of that, they have an impor-

Dust transportations from Sahara desert causes great  tant effect on the air quality levels on Turkey and
amount of aerosol concentrations in the tropospheric ~ Istanbul. In order to see the effects of Saharan dust

Fig. 2 850 hpa streamlines and
wind speed (knots) map of
Europe at 06:00 UTC on 01
February 2015 (wetterzentrale
2020)
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Fig. 3 Mean sea-level pressure
(hPa) and 850 hPa temperature
(°C) map of Europe at 06:00 UTC
on 01 February 2015
(wetterzentrale 2020)
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Fig. 4 Spatial distribution of MODIS/Aqua AOD values from top left to bottom right, respectively: (1) January 30, (2) January 31, (3) February 01, (4)
February 02, (5) February 03, and (6) February 04
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Fig. 5 Saharan dust transport to
Istanbul on 1 February 2015
(NASA 2020)

transportation on the air quality of Istanbul and to make a
comparison with the AOD values, the daily mean values
of PM,, and PM, 5 measured at the Air Quality Stations
in Istanbul between 29 January and 04 February 2015 are
given in Fig. 7.

Similarly to AOD values, PM;, and PM, 5 concentrations
were at low concentrations before the dust episode. During the
dust transportation event, daily average PM;, concentrations
rose to very high values in Istanbul (Fig. 4). PM;, concentra-
tions climbed to 325.1 },Lg/m3 on 01 February. However PMj 5
concentrations didn’t increase considerably, only a slight in-
crease occurred. After the dust episode, particulate matter con-
centrations decreased again. According to correlation analy-
sis, AOD values and daily average PM;, concentrations were
highly correlated during the study period. Very high correla-
tion coefficient value (0.992) shows that there is a strong and
positive correlation between the two parameters (Fig. 8).
Figure 9 shows that PM, 5 concentrations and AOD values
were also positively correlated (0.781).

We can clearly see the effect of Saharan dust transportation
on PM;, concentrations in Fig. 10, which shows the daily
mean PM,, and PM, 5 concentrations in Istanbul during the
2014-2015 winter season. In Istanbul, the daily average PM
and PM, 5 concentrations of the 2014-2015 winter season
were 63.8 and 37 ug/m’, respectively. During the dust epi-
sode, the daily average maximum PM;, concentration was
325.1 pg/m® on 01 February 2015. This value is very high
compared with the 2014-2015 winter season average of
Istanbul (63.8 ug/m3) and PM,, daily limit value of the
European Union (50 ug/m?).

Conclusion

In this study, a Saharan dust transportation event was exam-
ined by using satellite images, satellite data, and air quality
data between the dates of 29 December 2014 and 04 January
2015. On 01 February, Aqua MODIS shows very high AOD

Fig. 6 Area average of aerosol
optical depth between 29 January
2015 and 04 February 2015
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Fig. 7 Daily mean values of PM;, and PM, s measured in Istanbul between 29 January 2015 and 04 February 2015

values starting from the coasts of Libya moving over the
Aegean Sea and Western Turkey and finally reaching to the
Black Sea. The daily average PM;, concentration of Istanbul
rose to 325.1 pg/m® on 01 February, showing the significant
contribution of Saharan dust to high levels of PM . The AOD
and ground level PM data sets are found to be in agreement
with a correlation of 0.992. In a similar study, Chatoutsidou
et al. investigated the impact of African dust episodes on the
measured PM;, levels with two campaigns in Crete in the
eastern Mediterranean between April 2017 and March 2018.
The daily PM;, concentrations of 547 and 234 pug/m’ were
measured during the first and the second campaigns, respec-
tively, both of them associated with severe African dust

storms (Chatoutsidou et al. 2019). The significant increase
for the PM;, values can be explained by the higher gravita-
tional settling velocities of coarse particles in the atmosphere.
Barragan et al. found that travelling over the Mediterranean
Basin, the geometrical and optical properties of a Saharan dust
layer changed in the west-east direction; the columnar AOD
was higher over Spain with higher presence of coarse particles
while dust particles reached higher altitude over Italy with
correspondingly lower presence of coarse particles
(Barragan et al. 2017).

Saharan dust contribution to particulate matter concentra-
tions in Turkey has been proven by different studies
implementing remote sensing data, air quality models, and
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Fig. 8 Correlation between the AOD values and daily average PM, concentrations measured between 29 January 2015 and 04 February 2015
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Fig. 9 Correlation between the AOD values and daily average PM, 5 concentrations measured between 29 January 2015 and 04 February 2015

ground observations. Kabatas et al. compared Regional Air
Quality Modeling System (RAQMS) with 118 air quality sta-
tions distributed throughout Turkey (81 cities) for April 2008.
Their results suggest a significant contribution of Sahara dust
to high levels of PM;, in Turkey with RAQMS and in situ
time series showing similar patterns (Kabatas et al. 2014).
Agacayak et al. investigated a dust transport episode using
atmospheric 3D modeling, satellite data, and in situ observa-
tions in Turkey. According to their study, during the dust
episode affecting Aegean and Marmara Regions intensively,
the daily mean PM,o was 102.6 ug/m’ in the Aegean Region
and 117.3 pug/ms in the Marmara Region on 23 March 2008.
AOD was 1.11 (at 550 nm) in the Aegean Region and 0.87 in
the Marmara Region according to the RegCM4.1 model re-
sults on the same day (Agacayak et al. 2015).

According to the results, it can be said that the long-
range Saharan dust transportation had a significant effect
on the PM;, concentrations of Turkey. However, PM, s
concentrations didn’t rise considerably compared with
PM,. Considering the health effects of particulate matter,
it is suggested to investigate the effects of dust transport
episodes on human health in the future studies.
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Fig. 10 The daily average PM;y and PM, 5 concentrations in Istanbul during the 20142015 winter season (01 October 2014-31 March 2015)
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