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Abstract: The air quality of modern cities is considered an important factor for the quality of life of
humans and therefore is being safeguarded by various international organizations, concentrating on
the mass concentration of particulate matter (PM) with an aerodynamic diameter less than 10, 2.5
and 1 um. However, the different physical and anthropogenic processes and activities within the city
contribute to the rise of fine (<1 um) and coarse (>1 pum) particles, directly impacting human health
and the environment. In order to monitor certain natural and anthropogenic events, suspecting
their significant contribution to PM concentrations, seven different events taking place on the coastal
front of the city of Limassol (Cyprus) were on-site monitored using a portable PM instrument;
these included both natural (e.g., dust event) and anthropogenic (e.g., cement factory, meat festival,
tall building construction, tire factory, traffic jam, dust road) emissions taking place in spring and
summer periods. The violations of the limits that were noticed were attributed mainly to the various
anthropogenic activities taking place on-site, revealing once more the need for further research and
continuous monitoring of air quality.

Keywords: air quality; field measurements; PM1o; PMj; 5; PM;; human exposure

1. Introduction

Air pollution is considered an increasingly important environmental issue with direct
implications on human health, ecology and climate [1-4]. Various sources are responsible
for the presence of a variety of air pollutants such as NOy, CO,, SOy, O3, volatile organic
compounds (VOCs), polyaromatic hydrocarbons (PAHs) and particulate matter (PM).
Therefore, these important air pollution components are globally recognized and widely
monitored [5]. It is estimated that poor air quality is responsible for 800,000 deaths in
Europe alone [2].

Air pollution by PMs is considered among the most important risk factors associ-
ated with premature mortality from cardiovascular, respiratory diseases and lung can-
cer [2,3,5-7]; it affects even COVID-19 mortality contributing to a 15% worldwide increase,
while this percentage in Europe amounts to 19% and in neighbouring Greece 9% [8].
Therefore, strict legislation has been early enacted for PM levels by various international
organizations, such as the European Union (EU) and the World Health Organization
(WHO). In the EU-28, the levels of environmental concentrations are regulated by Directive
2008/50/EC [7]. The respective levels are set for directly informing the public at least once
a day and preferably on an hourly basis, alerting those citizens with respiratory difficulties
that they should restrict their outdoor activity. Specifically, for PM;q (particles with aerody-
namic diameters equal to and less than 10 pm, which are characterized as coarse) the daily
(24 h) limit is set at 50 pg/m3, while the daily average over a continuous year period is
set at 40 ug/ m3. Respectively, for PM; 5 (particles with a diameter equal to and less than
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2.5 pm, which are called fine particles), only the daily average for a continuous period of
one-year limit is given at 25 j1g/m?3, which was established for the first time in 2008. For
the three consecutive years of 2013, 2014 and 2015, a mandatory indicator for the member
states for PM; 5 was determined at 20 pg/ m3, and until 2020 a target for further reduction
to 18 ug/m? was set. The directive then stipulates that the lower limit of 50% of the average
desired concentrations, e.g., the concentrations of 20 pg/m? and 12 ug/m? for PMyy and
PM, 5, respectively, should not be exceeded more than 35 times in a calendar year. In 2015,
it was estimated that worldwide 8.9 million deaths are associated with PM; 5 exposure
due to various indoor/outdoor pollution including smoking, obesity, occupation exposure,
etc. [9]. Additionally, PM; (subtypes with 1 pm and smaller diameters) are considered
more harmful for public health [10-12].

Atmospheric air quality monitoring (regarding PMs) in Europe is carried out through
terrestrial on-site or mobile stations, which are able to accurately assess the effects of air
pollution on the entire continent [13]. Different techniques have been developed using
various sensors and the electromagnetic spectrum through particle meters with oscillating
microcells, barometric resolution, light scattering and solar meters [14,15]. In addition, for
the first time, the directive 2008/50/EC has made it possible to use air quality models as
complementary to assess the air quality [7].

While air quality monitoring stations provide high-quality measurements that con-
tribute to assessing the effects of PMs and air pollution in general, in public health and in
the environment, they come at a high cost, and therefore their number and their spatial
resolution are limited. For complementing their observations, especially in the case of lo-
calized emission sources, which exhibit strong temporal variability, portable/cost-efficient
instruments can be employed. Portable sensors are widely used in the field rather as
reconnaissance supplementary devices to highlight the potential differences due to the
various local sources leading to personal, indoor and outdoor exposures [16], and not
to measure or monitor the exact concentrations. This task can be implemented only by
reference methods, like the filter-based ones [17].

The advantages of portable sensors, which are mainly their portability, time-efficient
deployment and easy operation, make them ideal instruments for probing PM concen-
trations. Such instruments have been used for probing particle emissions from out-
doors [18,19], in urban/suburban regions [20], indoors [21,22], inside workplaces [23],
in occupational settings from specific industrial processes [24] and even those originating
from marine traffic [25], which is an important emission source of PMs that contributes in a
harbour city air quality. On the other hand, field measurements using portable instruments
lack 24 h average information offered by the fixed stations.

In any case, there are places and daily procedures where it is difficult to use conven-
tional fixed measuring stations; therefore, alternative portable measuring devices based
on portable sensors can be used for monitoring daily events, roads and construction sites.
It is easier with a manual portable particle meter to detect the PM pollution source and
to conduct detailed studies. There are activities and events that result in high emissions,
which are much localized in both time and space (e.g., traffic jam at a specific road, local
festivals, industrial procedures like sandblasting, etc.). Therefore, a number of parameters
are considered important for locating and evaluating an event, as presented in Table 1.



Sustainability 2021, 13, 261

30f17

Table 1. Parameters considered for locating and risking a particulate matter (PM) incident.

Parameter

Importance

Violation of permissible limit concentrations

PM average values are evaluated per 24 h (or per year), according to the
respective limits per organisation *:

PMj

(a) EPA: 150 pg/m? (24 h)

(b) WHO: 50 ug/m? (24 h), 20 pg/m?3 (1 year)

(c) EEA: 50 p.g/m3 (24 h), 40 ug/m3 (1 year)

PMy 5

(a) EPA: 35 pLg/m3 (24 h), 12 pg/m3 (1 year)

(b) WHO: 25 ug/m3 (24 h), 10 ug/m3 (1 year)

(c) EEA: 25 ng/ m3 (1 year)

A point is more important when it is located near sources of PM pollution (e.g.,
an industry with PM emissions, polluted /dusty road).
In addition, it is very important if the place has an increased human existence.

Incident location Residential areas, tourist areas, schools, hospitals, shopping streets, sidewalks

and beaches indicate a frequent and intense presence of human life.
Equally important is the presence of natural ecosystems such as the living
organisms (e.g., animals, plants) in a marine area that can be affected.

The season, month, day, and time contribute to the incident. In an event, it often
plays a role in monitoring it at the right time and using the right equipment. For

The time example, the operation of a factory, city heavy traffic, dust periods, traffic nearby
a beach, dusty road, etc. More rare manifestations of pollution are, for example,
the occurrence of an event with smoke or fire (e.g., barbeque meat festival, fire).
Weather conditions The existence of rain, intense sunshine, strong wind, etc.

* EPA: U.S. Environmental Protection Agency, WHO: World Health Organization, EEA: European Environment Agency.

Cyprus is an island located in the Eastern Mediterranean region in the middle of three
continents (Europe, Asia, Africa). In addition to the emissions from local sources, it is often
affected by pollution originating in neighbouring territories, such as from the Middle East,
Europe and Asia [26]. Different studies conducted in the country/region, have shown that
the number/mass concentration of particles residing in the category of PMg and PMj; 5 is
higher than that of the rest of the EU or Europe in general. Such emissions can be attributed
to various natural but also anthropogenic sources, located outside the island, with the
industry being the highest, followed by agriculture, transport, residential and others [27].

There are already installed PM monitoring stations in specific places by the department
of labour inspection (DLI, Ministry of Labour, Welfare and Social Security) in all cities of
southern Cyprus to measure and monitor the air quality. On average, 44.0 + 9.7 ug/m?,
44.3 + 9.7 ug/m3, 459 + 13.1 pg/m?3, 33.9 £ 12.6 ug/m?>, 35.5 4 11.6 pg/m? are the
observed PMj( concentrations in Nicosia, Larnaca, Limassol, Paphos and Zygi, respectively.
The population of all coastal areas (Limassol, Larnaca, Paphos, Famagusta) increases
significantly during the summer period, due to domestic and international tourism, thus
multiplying the local anthropogenic emissions. In addition, coastal cities are exposed
to sea salt emissions (PM;5) due to the winds, although this does not impact human
health [15,26,28-31]. In all cities of Cyprus, the average annual marginal values and the
35 daily exceedances are commonly exceeded. Since not much can be performed to avoid
the natural emissions that the area is subjected to (as sea salt and dust), at least it is better
to mitigate the anthropogenic ones.

Limassol is the largest harbour on the island and one of the largest in the Eastern
Mediterranean. As such, PM concentrations are initially affected by marine traffic and
port installations. In addition, being a tourist attraction area and an industrial hub cur-
rently under finance and rapid construction development, various concerns are raised
about the city’s air quality. The situation is enhanced by other habits such as the local
festivals that are annually taking place (e.g., carnival, wine and meat festival—locally
known as Tsiknopempti), which attract thousands of spectators. Despite the daily and
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annual efforts of the DLI to record the city’s air quality through the local PM; station,
the dynamic and rapid behaviour changes in the city make this task difficult. Parallel
measurements, taken nearby an event (on-site) by portable instruments, can significantly
contribute to better evaluate the effectiveness of coastal resource management and future
sustainability [26,32,33].

Although many air pollution studies across Europe are focused on the physical and
chemical characteristics of PMs, there is limited data on the specific sources on the coastal
area of Limassol [34]. The main objective of the present work is to obtain the local fine-scale
air quality and identify respective hot spots in order to reduce the eventual population
and environmental exposure risks; however, this will not necessarily reduce the long-term
and background air pollution. The necessity of the present study arises from the frequent
occurrence of airborne PM incidents in the coastal area, as well as the broader city.

2. Experimental Part
2.1. Materials and Methods

The PM measurements were performed using a recently calibrated portable Dust-
Trak meter (DRX Aerosol Monitor 8534). This device is a light scattering photometer
able to measure the mass concentration (ig/m?) of particles. An impactor can be em-
ployed for segregating aerosols having aerodynamic diameters of maximum 10, 4, 2.5 and
1 um. The DustTrak measures the mass concentration of particles in the range from 1 to
150,000 pg/m3, with a resolution of 1 ug/m?>. The factory default calibration was used in
current measurements since the type of aerosol (refractive index chemical composition,
shape of particles) was difficult to be predetermined in most of the cases. More information
for the calibration of DustTrak instruments can be found in [16]. The measurement error of
2 pg/m3 is provided by the manufacturer (zero stability, 24 h at 10 s time constant). The air
flow rate in the system is 1 L per minute within 5% accuracy. Special attempts were made
to measure concentrations of PM in all three aerodynamic diameters of 10 um, 2.5 pm and
1 um. Therefore, measurement durations of 10-20 min per diameter were performed.

2.2. Field Sampling

The chosen sampling points (Figure 1) were selected as suspected “hot spots” that
may significantly contribute to the city’s PM concentrations. Therefore, a variety of an-
thropogenic activities such as industrial (cement factory, tire factory) and construction (tall
building), as well as residential and transport (meat festival, traffic, dust road) were moni-
tored. A natural dust episode, one of those that often affect the city, was also monitored for
quantifying the impact of natural sources on the city’s PM concentrations. Measurements
recorded after rain, in Molos pedestrian area (data not presented, sampling point 8), served
as background/clean atmosphere reference. Furthermore, four more locations served as
“background points” (a balcony in March and August for seasonal correlation and a cafe
on a normal operating day for comparing to the anthropogenic event of incident 2-meet
festival). Balcony acted as a background measurement (very close to sampling point 6)
because it was not affected by traffic or other nearby sources (distance from the different
sampling points varied from 50 to 5000 m). In summary, the field sampling campaign was
implemented taking into consideration the following activities, incidents and events:

A cement factory (Moni area)

A meat festival, known as a “Tsiknopempti” event (cafe restaurant in the square)
A construction site of a tall building (Marina and old port area)

A tire factory incident (nearby balcony, 2nd floor)

A traffic incident (Molos area, on the coastal road)

A dust incident (2nd-floor balcony)

A dust road incident (coastal area at Lady’s Mile Beach)

NG L=
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2.3. Design of Field Study

The study was implemented on-site on the coastal front of Limassol during a six-
month time period. A minimum of 2 h and a maximum duration of 4 h as a measuring
activity time per location was followed; this was performed in order to be able to monitor
the three aerodynamic diameters of 10 pm, 2.5 pm and 1 pm. The measuring device was
not placed directly over the source of pollution, but at a reasonable distance and at an
average human height near the breathing zone in order to calculate the degree of human
exposure to pollutants [35].

(- I - i
Spitali Parekisia © Kalavasos
Srtane Fasoula n . ;
®dagovAa <53 apexAnotd /
a \ fanenochod Monagroulli §
Palodia > Appevoxwpt MovaypoUAA( }
Nakwdia 7134 o Pyrgos fe 2
F12¢ Nupyog Pentakomo |

Meviakwpo |

[nias)
N

Germasogeia
Al
Ay.%ﬁ:ﬁsog reppaodyeia Agios Tychon

Y
7 Vw/wvas,

mm

(A an
‘j 7 Vouws_ MoRemslam
| e B
3 P |

Mnndata @020 Glohal  Terms  Send fendback 2kmi_____ 1

Figure 1. The selected points for PM sampling [36].

3. Results

The significance of the localized selected events is that they may pose hazards to
human health. Each event, anthropogenic or natural, was compared with the DLI values
(which represent the urban background; average PM concentration over the whole city
area), and thus the contribution of the “localized sources” to the nearby population or local
environment could be assessed. The respective measurements can be considered as small
snapshots of the local air quality at the given time. These data are all gathered in Table 2
and graphically depicted in Figure 2, respectively.
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Table 2. Presentation of the selected local sources, the respective sampling points and the PM results.

Sampling Results Results Results Average
No. Incident Point PM; PM;5 PMyo Concentration Ratios
(ug/m?) (ug/m?) (ug/m3) (Quotients)
2 Min = 23 Min = 28 VA
1 A cement factory Moni area b Max = 3250 Max = 12,200 X = 2o Ratio PM; /PMy5 = 0.33
¢ Average = 126 Average = 386 Average = 388
* DLI = 32.82
Cafe restaurant Next to the grill Next to the grill Next to the grill
in the main square Min = 30 I Min =23 Next to the grill
(2) nxt to the gl Max = 57,200 Max = 65,700 Max = 60,500 Ratio PM, /DM, 5 = 081
Average = 5160 Average = 6340 Average = 7470
2 DLI=17.51
(a&b) Meat festival

A construction site
of a tall building

A tire factory (tire repair
and incineration plant)

(b) at the center
of the square

Marina and old
port area

Balcony, 2nd floor

Cafe: center of square
Min =28

Max = 10,900
Average = 401

Min =21
Max = 1300
Average = 55

Min =49
Max =278
Average =79

Cafe: center of square
Min = 147

Max = 3810

Average = 535

Min =28
Max = 665
Average =77

Min = 57
Max = 239
Average = 87

Cafe: center of square
Min = 34

Max = 15,800
Average = 492

Min =23

Max = 2630
Average = 302
DLI = 33.84

Min = 43
Max = 245
Average = 88
DLI =30.98

Cafe: center of square
Ratio PM; /PM,5 = 0.75

Ratio PM1 /PM2A5 =0.71

Ratio PM; /PM, 5 = 0.91
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Table 2. Cont.

Samplin Results Results Results Average
No. Incident Pol;nt 8 PM; PM;, 5 PMyo Photograph Concentration Ratios
(ug/m®) (ug/m?) (ug/m?) (Quotients)
Min =17
Max = 42,800
Min =17 Min =16 Average = 191
5 Road traffic 1:(/)1:(1105 area by the coastal -\ (45 Max = 7010 Ratio PM; /PMy 5 = 0.89
Average = 58 Average = 65 Average = 13
(fixed station)
DLI =26.76
Min = 58 Min =91 ﬁ;ﬁiﬁf’
6 Dust event Balcony, 2nd floor Max =180 Max =124 - Ratio PM;/PM; 5 = 0.82
Average = 80 Average =98 Average = 118
8= 8= DLI = 43.12
Min = 37 Min = 42 ﬁ;‘)‘:gw
7 Dusty seaside road Coastal area of Lady’s Mile Max = 7070 Max = 5320 N Ratio PM; /PM, 5 = 0.88
Average = 152 Average =173 Average =207
verage = verage = DLI = 38.18
No incident . . Min =29
(March 2019, 9 n = 3) (a) Balcony (distance from x:)l(__ 1275 ﬁ:;__ig Max = 40 Ratio PM; /PM;q = 0.75
sampling points varied from Avera_ o =01 Avera_ o =08 Average = 34
50 to 5000 m; the closest was &= &= DLI = 33.84; 27.13; 22.72
8-9 the tire factory (50 m) and
the farthest the cement . . Min =42
factory (5000 m) x;‘( ~ :;?; ﬁ;r; ~ i% Max =51
(b) Balcony Avera_ge —37 Avera_ge — 4 Average =49 Ratio PM; /PM;, = 0.88

(August 2019, n = 3)

DLI = 26.76; 30.98; 40.06

* DLI = values recorded from the city’s permanent fixed station.  Min = the minimum measuring value. ® Max = the maximum measuring value. ¢ Average = the average measured concentration. ¢ n = 3 denotes
that three different sampling cycles were performed.
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Figure 2. PM average measurements on the coastal front of the city.

Near the cement plant, relatively high concentrations were observed reaching up to
an average PMjg value of 388 ng/ m? and an average PM; 5 value of 386 ug/ mS. High
instantaneous readings of up to 12,200 ug/m3 (PM,5) were recorded at the same time.
Figure 3 depicts the overall PM measurements attributed to the cement plant operation.
As shown, the PM concentrations in the cement plant area are mostly related to particles
having aerodynamic diameters of less than 2.5 um. This agrees with previous relevant
observations [37], as it is well known that cement plants are considered an important source
of PM influencing the wellbeing of people and the environment. Such emissions are related
to various diseases such as chronic obstructive pulmonary, silicosis, preterm delivery, etc.,
according to the relevant review [38]. In Spain, in a similar study by Rovira et al. (2018),
the direct effect of a cement plant on the environment was reconfirmed; PM;( and various
chemicals were identified such as mineral matter, sea spray, secondary inorganic aerosols,
organic matter, elemental carbon and trace elements [39]. In the current study, only a small
percentage was attributed to PM; (ratio PM; /PM; 5 = 0.33), originating obviously from
other activities that took place in parallel during the respective measurements.

The second event, that of the meat festival, showed the highest PM concentrations
from all the investigated air pollution incidents, as the results were above the permissible
limits set by the EU and much higher than a normal day in the plaza (see Table 2). The
majority of the emitted particles are considered especially hazardous due to the fact that
they originated from open charcoal fire(s) and roasting [40,41]. Of particular concern is
the aspect of human health; the fact that most of these particles resided in the fine-size
range (i.e., PM; 5, PM;), thus penetrating deep into the human respiratory system, is an
important issue [42]. Impacts on indoor air quality may be increased in the nearby area
due to the high aerosol concentrations produced [43].

Specifically, the average PMj concentrations next to an operated grill (4-5 m distance
from the grill) were 7470 ug/m? with maximum values (“spikes”) up to 65,700 pg/m?3
(PM;5), as shown in Figure 4. When the respective measurements were repeated in the
centre of the plaza (further away from the grill), the concentrations decreased (Figure 5).
Despite the greater distance from the source, the results remained concerningly high
as a massive meat barbecue was taking place in the open due to the local custom of
“Tsiknopempti”. At the same distance (centre of the plaza), PM;, 5 average concentrations
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of 535 pg/m3 with maximum values (“spikes”) up to 15,800 ug/m3 were recorded. The
respective measurements indicated the high potential of harmful emissions due to the high
amount of fine particles (PM;5), originated from burning coal and roasting. Similarly, the
corresponding ratios for PM; /PM, 5 were 0.81 and 0.75, which showed the high percentage
of PM; in the plaza’s proximity, further increasing the hazard for the attenders. The
significant contribution of this local custom of massive charcoal grilling in the deterioration
of air quality and in the increase of health-related hazards on the bystanders is corroborated
by comparing the measurements conducted during the festival to those conducted on a
normal day (Figure 6). During the latter measurement, very low PM values were noticed.
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Figure 3. Cement factory PM results per minute.
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Figure 4. Meat festival PM measurements in time (next to the grill).
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Figure 5. Meat festival (cafe, center of plaza) PM measurements in time.
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Figure 6. Normal day PM measurements in time at the same sampling point (a cafe at the center of
the plaza) on a different day.

Measurements conducted at the construction site of a tall building in the area of
Marina old port revealed PMjg average concentrations of 302 pg/m3. This result indicates
the predominant emission of coarse particles from the construction site. In construction
sites, the emission of dust is to be expected; however, the workers need to be protected
according to the local/regional legislation. The same applies to the citizens and bystanders.
The radius of the nuisance and deterioration of air quality is considered significant, as the
measured PMj daily average in the DLI station was only 34 ug/ m3.

The fourth incident examined the PM emissions from a repair factory, during tire
burning. The results show PM;y, PM;5 and PM; average concentrations of 88, 87 and
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79 ug/m3, respectively. The respective values indicate the presence of fine particles (PM,5)
and sub-micrometre particles (PM;). Figure 7 shows three peaks at 245, 239 and 278 pg/m?
corresponding to PM;g, PM; 5 and PM;, respectively. Burning tires and other similar
material produces particles (e.g., heavy metals, PAHs, VOCs, etc.) that are hazardous to
humans and thus making the respective emissions dangerous and toxic [44—48].

Concentration (pg/m?*)

2.00 4.00 6.00 B.O 10.00 12.00 14.00 16.00 18.00 20.00

Time (min)

=]
=1
=]
=]

PM1 «PM25 »PM1O

Figure 7. Tire factory PM concentration in time.

The recording of a traffic incident on the main coastal street during rush hour in
summer resulted in PM;g average concentrations of coarse particles at 191 pg/ m3, which
prevail in relation to those of the fine ones. Note that Limassol’s traffic station recorded a
PMjj daily average concentration of only 27 g /m?, during the current field measurements.
While the urban DLI station provides the average exposure within the city, in certain areas
the citizens are exposed to higher emissions.

The predominance of PM; is indicative of dust resuspension from the road. In coun-
tries/regions with common dust presence, like Cyprus, the population is not only exposed
to these natural particles during the dust events but in addition to their resuspensions at
certain aspects of everyday life. This prolongs the exposure of the population to increase
concentrations of PMs, beyond the dust event itself. In addition, to the best of our knowl-
edge, the impacts of dust particles mixed with anthropogenic emissions on the human
population are for the moment not well studied.

As an example of the contributions of natural emissions affecting the city, the next
incident took place during a natural dust event, where the DLI station recorded PMyg
values in the order of 43.12 ug/ m3. At the same time, but in a different location of the
city, values of PM;g, PMy 5 and PM; averaging at 118 nug/ m?3, 98 ug/ m?> and 80 ug/ m?3,
respectively, were recorded. While these values may be less accurate than those obtained
by the reference station (i.e., 118 vs. 43.12 ug/m?), they are indicative of the contribution of
the natural PM sources in the city’s air quality, raising the PM mass concentrations close
to, or even above, the limits set by the European legislation. It is therefore important to
highlight the need of mitigating the local/anthropogenic emissions in the city, at least
under circumstances/events during which raised concentrations of natural PM are present,
to reduce the exposure of the population.

According to the reported urban PM, 5 values for evaluating the air quality in Eu-
ropean cities, the city of Limassol is mainly affected by spatial analysis transboundary,
international shipping and/or natural by 86%, while the average contribution from the nat-
ural sources is 43% (from dust and sea salt). Other minor sources are that from agriculture
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6% (from livestock, fertiliser use and agricultural waste burning), from road transport 2%
and from residential sector 1%. Limassol’s contribution to annual PM; 5 concentrations
(over all 150 cities) is on average only 8% and to the entire country 14% [27].

The seventh sampling point monitored a dust resuspension episode nearby Lady’s
Mile Beach in summer with increased traffic. The PMjj average concentrations reached
that of 207 pg/ m3, and the measured PM; /PM, 5 ratio was 0.88. These results reveal
that this anthropogenic air pollution incident was caused mainly by PM; and PM; 5 and
emphasized the exposure to similar incidents, opposed to a normal day in winter, as a
result of travelling cars over the dirt road affecting the nearby swimmers.

Finally, a number of background case measurements were also undertaken from
a balcony apartment, as no event was actually monitored. In particular, the average
concentrations of PMj 5 in March were 28 ug/ m?3 and in July 42 g/ m3. Both values
exceeded the permissible limits set for PM, 5. In addition, the ratio of 0.75 for PM; /PM; 5
indicated the existence of strong fine particle background in both time periods. The
respective PMjg values can be correlated with that provided by the standard instrument of
the DLL

4. Discussion

Generally speaking, the optical instruments (i.e., DustTrak II) cannot be treated as
reference particulate matter mass concentration instruments. A direct comparison of the
portable instrument was however conducted at similar conditions (i.e., urban background)
and is being reported (i.e., denoted as “no incident” conditions; cf. #8-9 in Table 2 of
the manuscript). In brief, during these collocated measurements, the portable instrument
exhibited a bias in the range of 22.3% to 49.6%. These results are within the same order
of magnitude of biases reported in [16], which compared the reported PM values of the
portable instrument with collocated gravimetric measurements and found them to reside
within 40% to 60%.

The uncertainties of the DustTrak (or other instruments of the same family, e.g., DRX),
which are associated with the calibration method and the type (chemical composition,
refractive index, shape) of aerosols, when compared with reference mass concentration
measurements are reported in the literature varying from approx. 40% and above [16,49].
Nevertheless, the respective portable instrument (i.e., DustTrak) is a Tier 2 exposure as-
sessment instrument [50], providing indicative but meaningful measurements, for the
recognition of hot spots/events with a potential contribution in deteriorating the city’s air
quality, serving the main goal of this study.

The intention of the current work was not to report PM mass concentration values at
the maximum possible accuracy but rather to identify emission hot spots/events with a
potential contribution in deteriorating the city’s air quality while posing a potential health
hazard to at least a part of its occupants. At these hot spots/events, measured values are
exceeding the average urban background PM;jy mass concentrations (i.e., measured by the
fixed station) by more than 280%. Most importantly, in many of these cases, the locally
measured (i.e., using the portable monitor) PM;y mass concentrations exceeded the urban
background average by more than 10-fold (see Table 2). Therefore, while the measure-
ments presented are susceptible to artefacts, resulting from the operational principle of the
portable instrument, they clearly indicate that certain activities /hot spots impact the local
air quality while posing a potential hazard to bystanders and the local population.

For the interpretation of Table 2 results (e.g., meat festival incident, emissions from
cement and tire factories), one needs to take into consideration that they correspond to
real field measurements, acquired outdoors, in the close vicinity of the factories (plume
dilution) or events, while moving around in a crowded plaza, under a windy and dynamic
smoky environment, at slightly different distances per aerodynamic diameter, based on the
moving crowd, available space and related activities in time.

It is well known that cement factories emit a variety of airborne pollutants in the atmo-
sphere (e.g., dust, SOy, NOx, CO,, CO), and thus their operation is under the microscope
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of researchers worldwide for their potential environmental and health risks, for instance, in
Zambia [51], Jordan [52] and Spain [39]. The cement industry is considered a large primary
PM source, which means it should contribute to a significant amount of particles in the
coarse fraction. According to the results of Gupta et al. (2012), the majority of particles
released from the cement industry were coarse, even in terms of particle number distri-
bution cement kiln; however, the measured values referred to direct mass concentrations
from the kiln. Moreover, it was also stated that around 50% of the emitted PMs are smaller
than 2.5 um [53]. This observation agrees with our findings, as current measurements
were acquired in the proximity of a cement factory, at a distance from the source (plume
dilution) and under the influence of the wind. The latter two environmental parameters,
along with the use of exhaust filters by the factory, resulted in measuring lower coarse
(PMp) concentrations in respect to those produced within the process itself (i.e., in the
kiln). For instance, in a similar application in Spain, the main concentrations in two areas
influenced by cement plants were attributed to PM;, although the measurements included
all the aerodynamic diameters [54].

The average annual concentrations of suspended particles of 10 pm in Limassol are
equal to 45.9 + 13.1 ug/m?3, while the average annual concentrations of suspended particles
of 2.5 um are 25.5 + 3.0 pg/m3. These numbers are at the highest point of the observed
annual average, not only in Cyprus but also in Central and Northern Europe, as well as in
the Mediterranean region (where the annual values of PM; are 20 to 50 pg/ m? and those
of PM, 5 are below 15 ng/m3). The average annual concentrations of suspended particles
of 10 pum for rural areas of the city measured at 29 + 5.0 pg/m?, which is higher than the
majority of rural areas of Central and Northern Europe and the western Mediterranean
basin. It is clear that marine sprays increase PM assemblies in the city, followed by
mineral dust. The problem is compounded by the interactions between pollutants and
photochemical processes that can be amplified in the Mediterranean and specifically in
the city of Limassol at high temperatures and humidity. There is only one station in the
city that records air quality and specifically that of PM;q (for traffic, as it is located nearby
a commercial street). It is worrying that there is a lack of data for several time periods
and especially in severe cases of local PM pollution [15,55-57]. The annual averages for
PMj and the number of excesses in each station on the island for the period 2010-2015
as recorded by the air quality monitoring network in Cyprus were published in the 2018
official report, and it is clear that there are exceedances of both the annual marginal value
of 40 ug/m?3 for the PMyj set in the relevant legislation, as well as the allowable number of
excesses set at 35 excesses per year; 157 excesses were noted at the traffic station in 2012 in
Limassol [15,55].

The numbers in Cyprus are at the highest point of the observed annual median,
not only in the Mediterranean region but also for Central and Northern Europe [15].
Studies conducted in remote areas (to avoid local sources) showed that the particle mass
concentration in Cyprus is higher than in the rest of Europe, creating a higher particle
background usually exceeding the defined limits [15]; this is attributed mainly to the
island’s geopolitical position. As particle levels exceed the annual standards of the EU,
dust storms are responsible for a small fraction of the daily exceedances of the PM limit
values. The contribution of the Sahara desert and dust events due to deserts affect up to
90% of the Mediterranean region [57]. Other natural particle sources, such as suspended
soil and sea salt, are also responsible for the high levels of PMs. The sea sprays are close to
the PM concentrations of a coastal city. The problem is compounded by the interactions
between PMs and the photochemical processes in the Mediterranean area [56,57]. More
rarely, jet streams are naturally affecting the area by carrying forest fire components; both
this phenomenon and forest fire events are accelerated in recent years due to the rapid
climate changes.

The various human activities such as the combustion of conventional fuels and wood
for heating purposes and transportation (e.g., cars, buses, trucks, ships, planes, trains,
motorcycles) result mainly in the production of PM; 5 and PM;, which are the most harm-
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ful [12]. In particular, diesel cars are more toxic than petrol cars. Road dust resuscitation,
tire and brake wear and exhaust gases are emitting PM, thus traffic is widely recognized
as one of the most important local contributors of PM levels in urban areas [15,58,59].
For example, Athens is facing a serious traffic jam problem, as at peak hours the speed
does not exceed 12 km per hour on average, while the large percentage of old engine
technologies increases the air pollution problem. A similar study on the Rio-Antirrio
bridge (connects Attica region with Peloponnese by sea) showed that the intense traffic
and low speeds of transport means favour high concentrations of PMs and violations of
the permitted limits. In addition, during the warm season, when dust, marine particles
and photochemistry are on the rise, they favour the mixing with exhaust and road particles.
On the contrary, on a clear day high speeds (over 80 km per hour) and sparse traffic result
in low PM concentration levels [59]. In addition, the dirt and sandy layer of the adjacent
road together with the contribution of the particles of the sea sprays contribute to erratic
concentrations [60]. The intense building development in a city leads to the creation of
continuous dust at the construction sites, which impacts the employees, infrastructures
and nearby residents [26,32,33,61-63]. In addition, the development of the construction
industry implies increased work of cement factories, contributing to the emission of dust
particles. Furthermore, industrial emissions are also an important problem as the com-
bustion of conventional materials is loading the atmosphere with fine particles through
the chimneys [4]. In addition, research studies showed a dependence of air pollution not
only on meteorological conditions but also on other parameters such as the local topog-
raphy, demography and level of industrialization [26,33,64]. On the other hand, low PM
concentrations are observed when northeast winds and rainfall occur. In addition, the
vertical mixing of pollutants results in the reduction of their average concentration, and the
whole process is called diffusion [10,65]. Strong and frequent winds favour the diffusion of
pollutants and PMs [59].

Concentrations observed in the areas of European Asia and South Africa such as the
Mediterranean during the summer months are higher than in winter. Seasonal variability
is observed with higher concentrations of PM;y and PM; 5 during the summer period
compared to the winter period up to 50 per cent. This behaviour can be explained by
the increased photochemical conditions during summer, leading to secondary aerosol
formation and the absence of sedimentation, which increases the lifetime of the particles,
the annual winds, the existence of large fires and the local resuscitation of dust caused
by arid climates and erosion of locally arable land [15,26,28-30]. A large difference in the
particle concentrations of 10 pm in relation to 2.5 pm is due to the strong background of the
predominant example of PMjg versus PM; 5 [65]. Pollutants from PM may remain in the
atmosphere for a long time, burdening it even later. The farther away a source of human
pollution is, the less impact it has, but not indirectly (pollution transport, climate change).
The same takes place in a habitat or ecosystem, such as the marine. On the other hand,
some reports suggest that air pollution is not related to the temperature-mortality ratio,
while others present the opposite correlation [29,66].

5. Conclusions

A series of events taking place on the coastal front of a dynamic developed insular
city were selected and monitored for their air PM contribution. Both natural phenomena
and anthropogenic emissions contribute to the rise of PM balance over a city. The hot
spots/events recognized in the current study can therefore be further exploited for indicat-
ing the importance of certain activities/events/procedures in emitting significant amounts
of PM, highlighting the need for high-accuracy exposure measurements and assessments.
The under-study sampling events were characteristic daily examples of an active dynamic
city, indicating the need for field measurements along with that of fixed stations. Their
contribution to the PM air emissions is much higher compared to that of natural events,
indicating the need for more knowledge and precaution measures for protecting citizens’
health and the environment. Although portable PM sensors present disadvantages (not as
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precise as the reference instruments, limited sensitivity, affected by factors such as relative
humidity, inversion, windless weather, battery operation), they can monitor the respective
activity on-site, in real-time, contributing to fast assessment and actions.
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