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Abstract This preliminary study investigates and
reports on the sources, characterization and possible
mitigation of dust fallout in urban Doha, Qatar. Nine
samples were collected from three different sites in close
vicinity to the Solar Test Facility (STF) in west Doha
during the winter of 2016 in Doha. The morphology and
size distribution of the samples were analyzed using
scanning electron and optical microscopy imaging
techniques. It was found that the particulate matter had
different shapes with an average particle size of 7.38 μm.
The mass concentration of the elements, in order from
greatest to smallest, was: Ca, Si, Fe, Mg, Al, Ti, K, Na, S,
and Cl. The enrichment factor showed extremely high
ratios of Cl and S, while Ca had significant enrichment
value. The sources of PM samples were identified to be
mainly of natural origin (around 60%) with the balance
attributed to anthropogenic sources. The natural sources
were related to soil/crustal matter, marine salt and desert
dust while the anthropogenic sources were mainly due to
transportation and construction activities, which have been
experiencing dramatic increase during the past decade in
Doha along with its rapid economic development. To this
end, several possible mitigation strategies to abate urban
PM and its harmful effects were also proposed considering
the local living and cultural conditions in Qatar.
Keywords
Particulate Matter, Environmental
Management, Elemental Composition, Enrichment Factor,
Source Apportionment, Mitigation Strategies, Qatar

1. Introduction
Particulate matter (PM) is one of the atmospheric
aerosols that are mainly generated from mineral dust
produced from windblown soils and deserts. PM largely
contributes to the global aerosol loading and has strong

impacts on regional and global climates as well as on the
health of living creatures and structure [1]. Atmospheric
PM generally contains a variety of solid and liquid particles
of different sizes that originate from many sources, which
affect the chemical and physical properties of PM. PM are
classified as primary and secondary aerosols according to
their formation mechanism; where primary particles are
directly emitted to the atmosphere and the secondary
particles are formed via chemical reaction between their
gaseous precursors [2][3]. Moreover, ambient PM can be
generally classified based on their size into coarse, fine and
ultrafine particulates. Coarse particles have mass median
aerodynamic diameter (MMAD) of 2.5-10μm, whereas
fine particulates have MMAD ≤ 2.5μm and ultrafine
particulates have MMAD ≤ 0.1μm [4].
It is of critical importance that the particulate matter is
well characterized and analyzed in terms of its sources,
physical properties, chemical composition and size
distribution to develop effective mitigation and/or
prevention strategies to reduce their adverse effects on
health of humans, living creatures and structures.
Information on elemental and chemical composition of
aerosol size fractions provides insight into PM chemistry
and its impact on the environment and human health [5].
The smaller the particle size (fine and ultrafine PM), the
greater their potential to affect human health since the
smaller particle in size can penetrate deeper into lungs and
other organs causing extensive damage and chronic health
problems [2]. Therefore, proper identification of PM
sources is crucial for informing policy makers to take
suitable legislation to better manage PM air pollution
within an airshed [6].
PM chemical composition varies from one place to
another due to different sources, climate conditions and
seasons. The chemical composition of PM has been
investigated in different areas around the world
[2][7][8][9][10][11]. This task is of critical importance to
investigate and understand PM sources, hence, to propose
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applicable tailored mitigation strategies. In general, natural
pollutants are considered as the main source for large or
coarse particles while anthropogenic emissions are usually
responsible for fine and ultrafine particle emissions
[12][13]. Examples of natural sources of particulate matter
are volcanoes, sea spray, grassland fires, desert dust and a
variety of biological sources (pollen, bacteria, fungal
spores, fragments of vegetable organisms and of animals)
[2]. On the other hand, increasing amount and type of
anthropogenic particles have been identified due to an ever
expansion of human activities such as the burning of fossil
fuels in vehicles, domestic heating, power plants,
construction activities and industrial processes [2].
Although dust storms are common phenomenon in arid
and semi-arid regions worldwide, they are natural events
that occur frequently in the Arabian Peninsula [14], which
generate high level of airborne PM concentration. Dust
storms carry PM of natural and anthropogenic components
that might have considerable impact on human society in
any residential area. Hence, improving our understanding
on the characteristics of dust fallout properties,
characteristics and sources would help decision makers and
researchers to develop technical solutions and propose
policies appropriate for implementation in this region.
Recently, several works have reported on the
characterization of airborne particulate matter in this area
[11][15][16], but there is considerable lack on the
identification of the sources of these particles [12][14].
Aissa et al. [16] had characterized dust samples collected in
Doha-Qatar during the summer. It was found that calcite
dominates the dust composition with 58% atomic content.
Moreover, Javed el al. [15] studied dust accumulated
naturally on photovoltaic (PV) panels in Doha over a
period of ten months to understand its soiling effect on PV
power output. Calcium was found to be the most abundant
element, followed by silicon, iron, magnesium and
aluminum. Moreover, X-ray diffraction analyses helped
identifying calcite, dolomite and quartz to be the dominant
minerals in the accumulated dust, with gypsum to be a
minor component. Al-Awadhi et al. [17] studied the
deposition and characteristics of dust fallout in Kuwait city.
They found that Kuwait city is characterized with high dust
deposition rate of 0.6 kg/m2/year ranking the first out of 56
dust deposition rates observed worldwide. The dominant
minerals were found to be quartz and calcite with traffic
identified as a major anthropogenic source. Al-Dousari et
al. [18] studied dust fallout in several preserved and open
areas in Kuwait and found out that dust in this region is
characterized by higher carbonates and lower clay minerals
compared to the dust in Sahara Desert, east and middle
Asian regions. The content of dust fallout samples were
dominated by an average of 44% quartz and followed by
high amount of calcite.
Nevertheless, very few works had been done to identify
sources of dust in the Arabian Peninsula. Al-Dousari et al.
[18] identified five major sources of dust in Kuwait using

meteorological data and satellite images. The sources were:
the western desert of Iraq, the Mesopotamian Flood Plain,
northeastern desert of Saudi Arabia and drained marshes in
southern Iraq and Iran. A recent work had reported on the
PM composition and sources in the United Arab Emirates
(UAE), which has almost the same geographical nature and
weather conditions as of the State of Qatar [12]. In their
study, the natural sources of PM in UAE were found to be
sea salts, crustal materials, soil and ash. On the other hand,
the main anthropogenic sources of PM were linked with
industrial and transportation emissions [12]. Khodeir et al.
[11] reported recently on the sources and elemental
composition of PM2.5 and PM10 in Jeddah city in Kingdom
of Saudi Arabia. They found that in both PM2.5 and PM10,
sources were mainly due to heavy oil combustion
(characterized by high nickel and vanadium), resuspended
soil (characterized by high calcium, iron, aluminum and
silicon) and a mixed industrial source. Moreover, two
specific sources were found to be associated with PM2.5.
These were traffic (characterized by lead, bromine and
aluminum) and another industrial source mixture.
Transportation emissions in urban cities are considered
as a major contributor of anthropogenic PM and need to be
further investigated and characterized to develop tailored
mitigation strategies to minimize their adverse effects on
the habitants and habitat of urban regions. Transportation
involves combustion of fossil fuels in different means,
ways and locations to produce energy that is converted into
motion of vehicles [19]. During this combustion process,
air pollution is created from incomplete burning and
oxidation of carbon, hydrocarbon and other elements
present in the fuel and combustion air producing various
gaseous pollutants in addition to soot and particulate
matter.
Road transport has become the dominant mode of travel
in urban and rural areas [20]. Nevertheless, the type and
share of fossil fuel used in the transport sector varies from
one region to another [19] depending on the available
energy sources, regulations, demographics and living
standards. A recent study of six cities in developing
countries found that the share of fossil fuels combustion
ranged between 4-35% in the transport sector [19]. In India
alone, it was estimated that 72 % of air pollution is caused
by vehicular traffic [20].
Moreover, in addition to traffic emissions of particulate
matter in urban areas, construction activities have
contributed to anthropogenic or fugitive PM emissions in
areas with increasing urbanization and infrastructure
development rates. In the Arabian Peninsula, construction
activities have contributed significantly to elevate dust
concentration that is mainly characterized by high calcite
and carbonaceous matter content. Hence, it is of paramount
importance to consider mitigation of construction PM
emissions in urban areas as natural sources of airborne
particulate matter are usually hard to control.
In this work, several samples of deposited bulk dust were
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collected to have a preliminary understanding of the
composition as well as possible sources of PM in urban
Doha. Moreover, the particle size distribution and
enrichment factor (EF) were calculated, and the sources of
PM composition were identified. The objectives of this
work are to (1) investigate the physical and chemical
properties of bulk dust samples collected in different
locations around Doha, which may be representative of
residential, traffic and commercial backgrounds, (2)
identify the possible sources of these samples whether it is
natural or anthropogenic, and (3) recommend possible
technical and policy driven mitigation strategies to reduce
PM emissions from the two main anthropogenic sources
(traffic and construction). In continuation to this
preliminary study, more in-depth work and reporting has
been in progress by the Air Quality and Climate Change
Research Group at QEERI/HBKU with a full year
systematic collection of 50 dust fallout and atmospheric
aerosols collected on Teflon filters on monthly basis from
urban Doha and other major cities to characterize PM and
identify their sources in several locations around the state
of Qatar to be the first study of its kind for the country.

2. Methodology
Nine bulk dust samples were collected around urban
Doha in winter between December 2016 and February
2017 (locations are identified in the map in Fig. 1).
Sampling is performed as dust is deposited on clean glass
surfaces and collected on monthly basis as reported in other
studies on fallout dust collection [14][18]. One sample was
obtained from each location (Fig. 1) for each of the three
months mentioned in the study) providing a total of nine
samples. The bulk samples collected were considered
mainly coarse to have an overlook of dominant elements
and sources in the urban area of Doha. The size distribution
of the samples was characterized via optical microscope
where optical images were taken and the particle size of
about 300 particles was measured in each image
[21][22][16][23]. The chemical composition of the PM
samples was performed via SEM/EDS model
JCM-6000PLUS NeoScope Bench top. In theory, this
electron microscope provide an image when a focused
beam of electrons bombards the surface of a sample,
therefore an x-ray is produced from the sample [24]. This
instrument employs two different types of detectors which
are secondary and backscattered electrons detectors. In this
study, Secondary Electron mode used to acquire an image
of the cross sections under study with a high magnification
and resolution. This type of detectors was selected because
the cross section illuminates shorter wavelength associated
with the electrons to attain high magnification. According
to Goldstein et al. [25], the resolution is determined as a
function of the density which depends on the penetration of
the electron beam to a certain depth in a sample. The mass
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concentrations of 10 elements (Al, Ca, Na, Mg, Cl, Fe, K, S,
Si, Ti) were determined for each sample.
The acidity of the dust samples was measured following
the standard method where 50 g of dust was added into 100
ml of de-ionized water. The mixture was stirred at high
speed at room temperature for 3 hours. pH measurements
were taken every 5-10 minutes until pH value was constant.
The values were taken daily for 5 days and the final value
was reported.
The enrichment factor (EF) relates the concentration of
an element in PM to its average concentration naturally in
earth’s continental crust. It is widely used as an approach to
characterize the chemical composition of airborne PM. The
EF index of potential contamination is calculated by the
normalization of one metal concentration in the PM sample
with respect to the concentration of a reference element
[26]. A reference element is an element particularly stable
in which it is characterized by the absence of vertical
mobility and/or degradation phenomena and its
concentration should not be anthropogenically altered [27].
Aluminum was used as the reference element as it is a
conservative element and a major constituent of clay
minerals, and it has been used in many other studies
successfully by several scientists as given in eqn. (1)
[10][28]:
EF = (X/Al)(aerosol) / (X/Al)(crust)

(1)

Figure 1. Map showing (top) Doha city and (bottom) the locations from
which nine samples were collected for analysis in this work.

Hence, an EF of around unity indicates that the dominant
source is natural crustal PM, and an EF value > 10 indicates
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an anthropogenic input to the PM. Aluminum (Al) was
used as the normalizing crustal element in calculating the
EFs, assuming that its anthropogenic input was minor and
negligible. Generally, an element is assumed to be of
natural origin when its enrichment factor is less than 10
[29][27][30].

3. Results and Discussions
3.1. Dust Fallout Deposition Rate
The average monthly dust fallout deposition rate in our
study was about 3.7 Ton/km2. Although our value presents
the average deposition during winter season as per the
duration of the sampling time presented in the
methodology section, this value is considered moderate in
comparison with other regional and other cities around the
world (Table 1).
Table 1. Average monthly amounts of dust fallout (Ton/km2) in regional
and global cities
Monthly
dust
fallout

Study
period

References

37.8

2012

[14]

Kuwait

5.1

2011-2012

[17]

Kuwait

1.4

2011-2012

[17]

Baghdad

Iraq

18.3

2008-2009

[31]

Libya

Libya

12.9

2000-2001

[32]

Location

Country

Riyadh
city

Saudi
Arabia

Open area
Preserved
area

Nevada

USA

0.3-1.3

1984-1999

[33]

California

USA

0.5-2.8

1984-1999

[33]

Doha

Qatar

4.2

2015

[15]

2016

Present
work

Doha*

Qatar

3.7

* measured for winter 2016

3.2. Morphology and Particle Size Distribution
Figure 2 shows representative SEM micrographs of dust
particles taken at different magnifications. The
micrographs show different size and morphologies of dust
particles with some agglomeration in some samples. Figure
3 shows the size distribution of the particles, which ranges
from 1-100 µm based on the frequency number of all
particles counted in categories as shown. The average
particle size of the samples in this study collected in winter
is found to be 7.38 µm. It is worth mentioning that the
average particle size of particulate matter in our previous
study of the samples collected in the summer was found to
be around 2.4 µm [16]. The seasonal variation in PM size
was reported to be larger in winter compared to summer for
other locations such as China [34], Australia [35] where
agglomeration of particles in the winter was noticed due to
wet weather.

Figure 2.
Representative SEM
magnifications of the dust particles

micrographs

with

various

Furthermore, two principle quantities were identified to
analyze the particle size and shape of the particulate matter;
the aspect ratio (Ct) and the shape factor (Ashape). The
aspect ratio is given by eqn. (2) [36][16]:
Ct = π(Lproj)2 /4A

(2)

where A is the cross-sectional area, and Lproj is the longest
projection length of the dust particle.
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A shape factor of unity corresponds to a perfect circle
which applies well to the small particles in our study as
they can be assumed to be spherical in shape while for the
larger particles; the median aspect ratio is estimated to be
around 2.54.
On the other hand, the shape factor of particles can be
estimated via eqn. (3) [36][16]:
Ashape = P2 /4πA

(3)

where P is the perimeter of the dust particle. For spherical
particles, shape factor approaches unity while for
longitudinal dust particles, the average shape factor has
been estimated to be around 1.77.
The shape factor is of paramount importance for
particle-surface adhesion studies. When the shape factor
approaches unity for a spherical particle that would
indicate that the contact area between the particle and the
surface is almost a point, while as the shape factor
increases, the irregular shape would have larger contact
area which might affect the adhesion force between the
particle and the surface. A full analysis original study has
been conducted by our group to evaluate four adhesion
forces that take place under humid hot weather condition
where the contact area depending on the particle shape
plays a critical role to estimate van der Waal and capillary
adhesion forces as reported by earlier studies [37][38].
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recent study in Saudi Arabia, Hassan et al. [40] measured
the pH of mud solution (liquid) that was extracted from the
mixture of dust particles and water. The pH of the mud
liquid was found to be in the range of 7.5-8.4 indicating
that the solution is basic due to the presence of alkaline and
alkaline earth metals dissolved in water. In a continuation
of this work, the same group of researchers reported in
another study [36] that due to the presence of OH− ions in
the mud solution (pH = 8.4), small cavities were formed in
the glass surface because of surface etching. In this case,
KOH ions in the mud solution were responsible for the
local etching of the glass surface, which in turn, increased
the surface texture of the glass after the mud removal as
reported by Yilbas et al. [36].
3.4. Mass Concentrations of Chemical Elements

Figure 4 presents the average elemental composition of
the samples collected in Doha during winter with their
corresponding metal oxides reported in Table 2. The mass
concentration of elements in order from greatest to smallest
was Ca, Si, Fe, Mg, Al, Ti, K, Na, S and Cl. This elemental
composition is found to be similar to the composition
reported earlier by Yilbas et al. [36] for the dust particles
collected after the sand storm in Saudi Arabia in 2014 and
in agreement with the study by Javed et al. [15] on the
characterization of PM naturally deposited on PV panels in
Doha. The domination of calcium and silica is a natural
characteristic of the dust in the Arabian Peninsula [15][18].
On the other hand, some variations of the composition were
found when compared with the dust samples collected in
summer in our previous study [16]. The main variation is,
for instance, the presence of 4.03 and 1.48% mass
concentration of sodium and chlorine, respectively which
were not traced in the summer samples. This is in
agreement with the study conducted in Saudi Arabia where
the authors found that the concentration of chlorine varied
from one particle to another in the dust samples collected in
the Arabian Gulf. It was also clarified that when the EDS
(Energy Dispersive X-ray Spectroscopy) data do not
satisfy the molar ratio for NaCl, that indicates that NaCl is
dissolved in the compound form rather than being present
as salt crystals [36].
The sulfur concentration is correlated with calcium in
Figure 3. Particle size distribution histogram of the samples collected in
winter.
most studies [36][41], which is associated with the
formation of anhydrite or gypsum component (CaSO4).
Nevertheless, scanning electron microscopy (SEM) studies
3.3. Alkalinity
of atmospheric aerosols have revealed that direct emissions
The alkalinity of particulate matter and dust particles is of sulfur from coal, oil and fuel combustion is the
of critical importance to understand their effect on substantial source of primary atmospheric sulfate in the
materials. One particular example is that dust with high form of CaSO4 [42]. Moreover, several studies had
alkalinity impacts glass surfaces through the mud confirmed that traffic exhausts and shipping activities were
formation of dust particles accumulation on solar panels the main contributors to secondary sulfates in particulate
[39]. The pH of our dust samples ranged between 7.51-7.88. matter [42][43][44].
Very few studies measured dust alkalinity with the aim to
The ratio of Ca to Si in our study was found to be 1.96
further investigate the influence on PV glass surfaces. In a compared with 1.53 for the summer samples, which
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indicates high construction activities that are more frequent
and intense in the winter due to the domination of good
weather conditions for working hours during the day.
Moreover, other studies have reported different Ca to Si
ratio which was around 0.18 for African dust [45] and 0.76
for dust particles collected in Kingdom of Saudi Arabia
[36]. It is as well indicated in several studies in Kuwait that
wind speed plays an important role in the increase of
silicate fraction over carbonate in the summer season
[17][18]. This is in agreement with the findings of our
current study as indicated above where higher Ca is
observed in winter compared with its concentration in the
previous study conducted in summer [16].
It can be seen from Table 2 that titanium oxide had the
highest ratio of abundance relative to the Earth’s upper
continental crust composition. Titanium oxide has been
associated with crustal dust and road dust resuspension
[46]. The following high ratios after titanium oxide were
related to calcium oxide (originating from calcite),
magnesium oxide (from dolomite) and iron oxide (present

in hematite and wuestite) [16][46][47].

Fe
12%

Ti
7%

Na
4%

Mg
9%

Ca
34%
K
5%
Figure 4.
particles.

Al
8%

S
Cl 2%
2%

Si
17%

Mass percentage of the elemental composition of PM

Table 2. Average PM composition of metal oxides (mass %) in the collected dust samples.
Mass % upper continental crust
Metal
Oxide
Sodium
oxide
Magnesium
oxide
Aluminum
oxide
Silicon
oxide
Sulfur
oxide
Potassium
oxide
Calcium
oxide
Titanium
oxide
Iron
oxide

Mass % (our
samples)

Taylor &
McLennan (1985)

Wedepohl (1995)

Average
reported

Ratio of Abundance

2.55

3.89

3.56

3.72

0.68

9.46

2.20

2.30

2.25

4.21

6.76

15.17

15.05

15.11

0.45

25.25

65.89

66.8

66.34

0.38

3.39

NA

NA

NA

NA

1.38

3.39

3.19

3.29

0.42

33.30

4.19

4.24

4.21

7.90

6.72

0.50

0.54

0.52

12.92

10.18

4.49

4.09

4.29

2.37

*

Average reported: the average value of the mass % of the metal oxide composition as reported by Taylor & McLennan and Wedepohl.

#

Ratio of abundance = mass % in our samples/ average mass % reported

3.5. Enrichment Factor of Chemical Elements
Figure 5 shows the enrichment factor results. It has been reported that five contamination categories are recognized on
the basis of the enrichment factor:
EF < 2: depletion to mineral enrichment;
2 ≤ EF < 5: moderate enrichment;
5 ≤ EF < 20, significant enrichment;
20 ≤ EF < 40: very high enrichment; and
EF > 40: extremely high enrichment [27][48].
These categories have been applied to our samples and the results are summarized in Table 3.
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4. Source Apportionment of PM
Composition

90
80

Enrichment Factor

70
60
50
40
30
20
10
0

Na

Mg

Si

S

Cl

K

Ca

Ti

Fe

Chemical Element
Figure 5. Enrichment factors of elements referred to crust dust in total
size particle samples.
Table 3. Contamination level of the elements found in the dust samples
as per EF values.
Element

Level of Contamination

Na

Depletion to mineral enrichment

Mg

Moderate enrichment

Si

Depletion to mineral enrichment

S
Cl

Extremely high enrichment

K

Moderate enrichment

Ca

Significant enrichment

Ti
Fe
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Moderate enrichment

The results of EF show that there is an extreme high
enrichment of two elements (S and Cl) while Ca has been
found to have significant enrichment. The high enrichment
factor of sulfur indicates that there is a major contribution
by an anthropogenic source, which increases sulfur
concentration relative to its concentration in continental
earth crust. In addition, the high enrichment factor for
chlorine is expected in this region due to its proximity to
the Gulf and the domination of north west wind that carries
water salt particulates into the inner lands [18][36]. Similar
results on high enrichment factors of S and Cl in coarse
particulates were reported recently by Khodeir et el. [11]
with EF of 490 and 430 for both elements, respectively. On
the other hand, the significant enrichment of Ca is in
agreement with the domination of carbonate matter as
reported earlier for studies in Qatar and other Arabian
Peninsula countries [15][17][18][49].

In urban areas, several sources can be specified for the
composition of PM in aerosols. Previous studies reported
that coarse fractions of PM can be produced naturally by
the mechanical break up of larger solids. These solids may
originate from agricultural processes and soil [50], traffic
and unpaved roads [51] or mining operations [52].
Moreover, traffic and vehicular emissions produce major
portions of PM which can be also re-suspended from road
surface or due to tyre and break wear [24]. On the other
hand, the small fraction of PM which are less than 0.1 μm
in size can be produced basically from the condensation of
combustion products when fossil fuel burning takes place
in high temperatures [24][53]. Our analysis of the
elemental composition shows that there are mainly five
sources of the PM samples collected in urban Doha:
Construction (Ca, K), transportation (S), soil/agriculture
(Fe, Ti), desert dust (Si, Al) and sea salt (Mg, Na, Cl) as per
(Table 4 and Fig. 6). These findings are in accordance with
previous source apportionment works reported by other
groups based on the elemental signature and their
combinations from respective sources [11][54][55][56][6].
Table 4.

Possible sources of elements present on PM collected in Doha.

Element

Possible sources

Source type

References

Na

Earth crust
Soil related,
Oceans
Soil related, crustal
sources
Brake Wear
Soil related,
Tyre Wear
Brake Wear,
Tyre Wear,
Diesel exhaust
Sea salt (Cl),
(ClO) can be due to
the reaction of
chlorine with ozone*
Combustion process
(Transportation)
Oceans

Natural

[57][58]
[59]
[60]

Mg
Al
Si
S

Cl

K

Ca
Ti
Fe

Soil related,
Fly ash from concrete
in construction
Soil dust,
Crustal sources
Soil dusts,
Break wear, Building
construction

Natural
Natural
Anthropogenic

[59]
[61]

Natural
Anthropogenic

[59]
[61]

Anthropogenic

[61]

Natural

[62]
[63][64]

Anthropogenic
Natural

[59]
[60]

Natural
Anthropogenic

[59][65]
[66]

Natural
Natural
Anthropogenic

[59]
[67]
[68]

* The formation of ClO takes place when chlorine breaks ozone’s bonds
and pulls off one atom of oxygen, forming a chlorine monoxide molecule
and oxygen as per the following equation: O3 + Cl  ClO + O2
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Figure 6. Source contribution of different elements as per the
composition of PM samples collected in urban Doha.

On the other hand, the two most abundant elements in
the samples (Ca, Si) in addition to Fe were plotted for each
group of samples collected from residential, construction
and transportation as shown in Fig. 7. It can be seen that the
highest concentration of Ca is within the construction sites
while residential houses surrounded by soil and
plants/gardens are richer with iron. The roads reflecting
transportation has much less concentration of these
elements which are considered of natural source as traffic
emissions are most characterized with sulfur and heavy
metals such as Zn, Pb and Cu [11][69].
60

Ca

Composition (mass %)

50

Si

Fe

40
30
20
10
0

Transportation

Construction/ Solar
Test Facility

Residential

Figure 7. The concentration of the most abundant elements of samples
from each site.

5. Mitigation Strategies
Particulate matter pollution can be minimized by
pollution prevention and emission control measures.
Prevention of pollution is usually more cost-effective than
controlling and even more cost-effective than cleaning it
[70]. General recommendations to prevent the emission of
PM at the first stage can be achieved by avoiding burning
fuels, walking instead of using vehicles, using renewable
energy instead of depending on fossil fuels, etc.

Nevertheless, controlling fugitive emissions in urban cities
can be challenging and requires the engagement of public,
constructors, local municipality decision makers,
controllers, farmers and users of exposed ground and
unpaved roads. In an attempt to achieve high level of
fugitive dust control in urban sites, California Resources
Board had released a Fugitive Dust Control Self-Inspection
Handbook on how to control PM air pollution in urban
areas [71]. Some of the recommendations provided are
listed herein;
1. Minimize the surface area disturbed, especially for
farming areas.
2. Limit dusty work on windy days.
3. Apply dust suppression measures.
4. Clean up dusty spills after work immediately.
5. Grow vegetation ground cover.
6. Use wind erosion controls such as erect wood and
rock walls.
7. Apply crust-forming chemicals.
8. Pave haul roads and storage areas.
9. Enclose storage and handling areas.
10. Cover storage piles either with a physical cover or
with dust suppressant spray.
11. Water and/or sweep more often.
12. Reduce speed limits on unpaved surfaces.
13. Minimize trips by carpooling and grouping.
14. Prevent transport of dusty materials offsite by
rinsing vehicles before they leave the property.
Based on our findings, traffic and construction activities
were the two main anthropogenic sources contributing to
PM in urban Doha. Hence, the following mitigation
policies/ techniques shall be suggested to reduce PM
emissions in this area.
i.
Encourage more plantation in Qatar: Trees can
directly affect particulate matter concentration by
(1) removing particles, (2) emitting particles or (3)
by the re-suspension of particles on the plant
surface [72][73]. In a recent study conducted by
Maher et al. [74], silver birch trees were planted in
front of several homes in a city block in Lancaster
city-United Kingdom. To evaluate the percentage
of PM absorbed by the trees, the PM content to
which the families were exposed was initially
evaluated before plantation. After two weeks of
creating a barrier of silver birch trees between the
streets with heavy transportation and the homes, it
was found that 50% decrease in PM concentration
was achieved. Moreover, the authors used scanning
electron microscope (SEM) to study the structure
of silver birch tree leaves. They found that tiny
hair-like structures on the surface of those leaves
were responsible for removing the particulates
from the air [74]. Based on the records by The
Environment Electronic Encyclopedia, the green
area in Qatar is around 4 square meter per capita
compared with the average of 25 square meters in
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ii.

the world [75][76]. This measure concerns
especially the green areas in cities and villages –
planting of protective greenery, minimization of
felling, and compensation of trees with new
planting [77][78]. Although these measures do not
bring very high environmental effects, they bring
other social positive effects and are not very costly.
Recently, we have reported on the evaluation of
economic and environmental benefits of planting
three abundant urban tree species in the State of
Qatar [72]. The trees that were investigated (Acacia,
Ziziphus and Phoenix dacteylifera) grow naturally
in desert areas and require minimum rain and care.
The environmental economic value of these species
was found to be the highest for Acacia, followed by
Ziziphus and then Phoenix decteylifera which is in
agreement with their Air Pollution Tolerance Index
(APTI). The APTI is a factor used by researchers to
assess the tolerance of trees to air pollution, the
higher the APTI, the less sensitive the species to
pollution. Hence, those studies indicate that, in
order to have adequate, green infrastructure-based
policies to mitigate air pollution in cities, urban
planning that include vegetation should be
implemented at lager scales.
Mitigation of PM emissions from construction sites:
Construction activities have the potential to
generate significant levels of dust, including fine
and course particulate matter [79][80].
Construction activities can be generally divided
into three main phases: earthwork (phase 1), super
construction (phase 2) and finishing (phase 3) [81].
Therefore, general recommendations on the three
phases can be summarized in Table 5. At
construction sites, dust suppression methods in
Qatar ranges from simple pouring or spraying
water or the use of dust wetting additives which
reduced the surface tension of dust and enhanced
its suppression minimizing the amount of water to
be used for this purpose [82]. Moreover, The
Ministry of Municipality and Environment in Qatar
has set a certain protocol to reduce air pollution in
construction sites. Some of the main guidelines to
ensure safety and environmental protection are
related to the elimination of damages resulting
from construction, maintenance and demolition
works. In addition, the construction site should be
fenced. This fence (whether porous or solid)
provides an area with reduced wind velocity that
minimizes wind erosion and hence, fugitive dust
emission from the exposed working area will be
reduced.

Several other techniques can be suggested to limit PM
emission by construction activities, such as isolating
dust-producing activities. For instance, dust-producing
activities shall be located, when possible, away from the
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site boundary, especially from sensitive receptors. Another
mitigation guideline is to avoid or minimize construction
activities that might generate huge amount of dust on
windy days, especially when wind blows in the direction of
possible receptors [80].
Table 5. Mitigation of PM emission during different phases of
construction activities.

Dust
control
methods

iii.

Phase 1:
Earthworks
Sprinkling
water to the
routes inside of
the jobsite
Careful traffic
route
All trucks
entering and
leaving site
were covered
Natural,
embedded tyre
cleaning
passage
sections at
gates of the
construction
site

Phase 2:
Construction
Sprinkling water
to the
routes inside of
the jobsite
Careful traffic
route
All trucks
entering and
leaving site were
covered
Natural,
embedded tyre
cleaning passage
sections at gates
of the
construction site

Phase 3:
Finishing
Sprinkling
water to the
routes inside
of the jobsite
Careful
traffic route
All trucks
entering and
leaving site
were covered
Netting
system
around the
tower to
mitigate
dusty façade
mortar
activities

Reduction of PM emissions from transportation:
The reliability of emission profile of a vehicle can
be affected by many factors such as fuel types,
operating conditions and vehicle types. Although
both petrol (gasoline) and diesel fueled cars
contribute to air pollution [82], it is the diesel fuel
that pollute more nitrogen oxides and PM
compared with petrol. That is why many EU
countries have adopted legislations to ban the use
of diesel cars gradually starting from 2020s. The
high rate of particulate matter comes from the
diffusion flame that diesel engine uses where
droplets of fuels are created that do not have
enough time to evaporate while passing through the
front flame and hence, pass through it to be emitted
to the atmosphere. Alternative fuel has a profound
future because it can reduce pollution at the very
beginning and costs less compared to other
emission reduction methods like engine control
technology, exhaust after treatment devices, and
lower sulfur content of petrol/diesel. Among all the
fuels, natural gas (NG) is considered to be a
promising one on the basis of its abundance, low
pollution levels and high combustion efficiency
[82][83].

On the other hand, several technologies have been
developed to reduce PM and gaseous emission from traffic,
mainly utilizing nanotechnology and heterogeneous
catalysis [51][84][85][86]. The oxidation or lean NOx
catalyst in diesel engine vehicles, for instance, does not
only reduce gaseous emissions associated with diesel
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burning, but also provides significant PM control. In
addition, PM filter systems have been used to achieve
greater than 90% of PM reduction [87]. Another technical
example requires engine manufacturers to install electronic
idle control that automatically turns the engine off after 5
minutes of continuous idle operation [88].
Moreover, several mitigation policies have been
reported and suggested to the decision makers in Qatar,
including:

Restriction on vehicle registration: Due to the fact
that there was no limit on the number of cars that
someone owns and the increasing number of
driving licenses issued to citizens and expatriates
who live and work in Qatar. The government issued
a decision in 2013 to ban some categories of
expatriate workers from obtaining a driving license.
Nevertheless, the latest data show that there was 17%
increase in the number of licenses issued for
citizens and 2.9% for expatriates by 2015 [82].
Therefore, more stringent measures should be
taken to make an effective impact of such a law to
reduce vehicle pollutions on roads.

Road Transportation Management: Qatar has
developed many infrastructure projects around the
country. Some has caused restrictions in traffic that
contributed to pollution from vehicles idling when
they have to stop for long times. Nevertheless,
these projects once executed, there will be an
increase of fluidity and traffic congestion reduction
which will have an impact on emission control.
These projects include bypasses roads, parking
places connected to public transport, and public
transportation development, including integrated
transportation systems. Protecting against
secondary dust emissions (street cleaning and
sprinkling) is part of this sort of measure [89].
Moreover, down at the street level, Mowasalat (the
Arabic Translation for the word “transportation”)
as the 100% government owned Transport
Company to provide public transportation, is on the
frontline to improve Qatar’s transport system since
it was established in 2002. Among its fleet of taxis
and limos, Mowasalat has new network of public
bus routes to meet the demands of an estimated of
50,000 daily commuters. Long term development
plans at Mowasalat include many overall network
improvements. Their main aim is to provide a
sustainable and efficient transport system and
obtain better mobility to all citizens, residents and
visitors to Qatar [82]. In addition, a prospective
underground metro train system (Qatar Rail) is also
expected to significantly reduce road transportation
needs and activities. Choice of Qatar Rail metro
stations and local access means to these stations
should be conducted to minimize road
transportation needs considering the demographic
make-up, cultural considerations and climate

conditions such as designing underground access
alleys or streets to these stations from neighboring
localities.

6. Conclusion, Limitations and Future
Work
This paper has presented a preliminary study on the
characterization of nine dust samples that were collected
around urban Doha in Winter 2016/2017. The three
locations represented residential, construction and
transportation sites. The results show that the particles
were mostly spherical with an average diameter size of
7.38 µm while larger particles up to 100 µm were also
observed due to agglomeration. The average shape factor
and aspect ratio of the particles were found to be 2.54 and
1.77, respectively. These values affect the contact area
between particles and substrates on which they might
accumulate, hence affecting the adhesion force strength.
The average annual dust fallout rate was found to be
around 3.7 Ton/km2. The pH of the mud liquid of the dust
samples was found to be in the range of 7.51-7.88
indicating that the solution is slightly basic due to the
presence of alkaline and alkaline earth metals in dust when
dissolved in water. The elemental composition revealed
that calcium and silicon were the most abundant elements
indicating that dust in this area is mostly calcite and silicate
in agreement with other studies reported for dust
composition in the region. The enrichment factor showed
that Cl and S had extreme high enrichment due to sea salt
and traffic emission sources, respectively, while Ca had
significant enrichment due to the domination of calcite
minerals. To investigate the possible sources of the dust
samples, the elemental analysis was conducted and
revealed that almost 60% of the composition comes from
natural sources such as soil/crustal matter, sea salt and
desert dust. On the other hand, the anthropogenic sources
accounted for about 40% and they come mainly from
transportation and construction activities.
To mitigate the impact of PM in urban Doha, several
mitigation strategies and techniques have been proposed
against the main anthropogenic polluting sources
especially during construction and with relation to traffic
pollution. Moreover, green plantation was suggested as one
of the most effective methods to abate urban PM pollution.
Nevertheless, several limitations can be mentioned in this
type of research which is the need to collect and analyze
more samples all around the year and from different
locations including rural areas which also requires human
capital and time for sample collection and analysis.
Moreover, filter analysis from fixed or mobile air quality
stations would provide more accurate results especially for
particle source speciation. These activities have been
conducted recently at larger scale in the country through
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our research at Qatar Environment and Energy Research
Institute/ Hamad Bin Khalifa University where publication
for the first full year data on PM characterization and
sources of about 50 samples collected monthly is under
preparation.
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