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Abstract: This study aims to investigate the seasonal variation and source identification of fluores-
cent aerosol particles at the monitoring site of the University of Salento in Lecce, southeastern Italy.
Utilizing a wideband integrated bioaerosol sensor (WIBS), this research work analyzes data from
two specific monitoring days: one in winter (10 January 2024), marked by significant transport of
anthropogenic particles from Eastern Europe, and another in early spring (6 March 2024), character-
ized by marine aerosol sources and occasional desert dust. This study focuses on the seven WIBS
particle categories (A, B, C, AB, AC, BC, ABC), which exhibited distinct characteristics between the
two days, indicating different aerosol compositions. Winter measurements revealed a predominance
of fine-mode particles, particularly soot and bacteria. In contrast, spring measurements showed
larger particles, including fungal spores, pollen fragments, and mineral dust. Fluorescence intensity
data further emphasized an increase in biological and organic airborne material in early spring. These
results highlight the dynamic nature of fluorescent aerosol sources in the Mediterranean region and
the necessity of continuous monitoring for air quality assessments. By integrating WIBS measure-
ments with air mass back-trajectories, this study effectively identifies fluorescent aerosol sources and
their seasonal impacts, offering valuable insights into the environmental and health implications of
aerosol variability in the investigated Mediterranean area.

Keywords: aerosol composition; seasonal variability; WIBS; bioaerosols; marine aerosols; anthropogenic
particles; air mass back-trajectories; Mediterranean basin

1. Introduction

Bioaerosols, which are also referred to as primary biological aerosol particles (PBAPs),
represent a unique subset of atmospheric aerosol particles spanning a broad size range in both
fine and coarse modes, from as small as a few nanometers to hundreds of micrometers [1].
PBAPs are generally regarded as aerosols emitted into the atmosphere from the biosphere,
comprising both living and dead microorganisms, i.e., viruses (0.01–0.3 µm), bacteria and
bacterial agglomerates (0.1–10 µm), fungal spores (0.5–30 µm), pollen (10–100 µm), as well
as debris of biological material [2–5]. Due to their attachment to dust particles, biological
particles may be carried over long distances on a continental [6] or even global scale [7],
affecting ecosystem functions through dry and wet deposition [8,9]. Despite their biologic
origin, bioaerosols have the ability to act as common atmospheric aerosols, impacting
Earth’s climate either through direct contact with solar/terrestrial radiation or serving as
cloud condensation nuclei (CCN) in cloud formation processes [2,10,11]. Compared to
non-biological particles, exposure to bioaerosols also poses a higher health risk, potentially
leading to different diseases, allergies, and even cancer [12–14]. Not only can PBAPs
carry toxic substances, including carcinogens, but some of these particles are pathogenic
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themselves, such as viruses and bacteria, which can remain suspended in the air for weeks,
provoking infectious diseases via direct and indirect pathways. Moreover, fungal spores
and pollen grains are particularly known as causative agents of allergies, mainly in the
respiratory tract, such as asthma and bronchitis [15,16].

Unlike inorganic aerosols, bioaerosols have not been properly investigated by far.
Their number concentrations, size distributions, morphology, types, and sources need to be
further defined, since they are critical for both environmental and public health sciences.
The detection, classification, and quantification of PBAPs remain significant multidisci-
plinary challenges. In the past, culture-based methods were used for the quantification
and identification of PBAPs, with the limitation of detecting only culturable microorgan-
isms, which represent less than 1% of biological particles [17]. Non-viable bioaerosols,
although not infectious, can still cause allergic and toxic reactions, and thus methods to
fully characterize PBAPs in various environments are necessary [18]. Advanced molecular
techniques, such as DNA- or RNA-based sequencing, can be employed to obtain more
detailed biological information, but they require significant time and resources [14]. Both
traditional detection techniques (involving cultivation and optical microscopy) and molecu-
lar methods represent off-line analyses, based on lengthy processes of incubating, staining,
and sequencing after sample collection.

Over the years, measurements of PBAPs have advanced with developments in technol-
ogy, enabling the production of real-time, online measurement techniques as an alternative
to traditional offline techniques for identification and analysis. Innovative real-time method-
ologies may contribute to expanding the knowledge on the types and concentration levels
of several bio-contaminants [19–22]. During the last two decades, specifically, real-time
ultraviolet light-induced fluorescence (UV-LIF) monitors, such as the ultraviolet aerody-
namic particle sizer (UV-APS) and the waveband integrated bioaerosol sensor (WIBS), have
permitted superior time-resolution information for a long consecutive time period with few
consumables for operation [23]. As a matter of fact, UV-LIF spectrometers enable instanta-
neous data collection by utilizing the principle that biological particles auto-fluoresce when
excited with UV radiation due to the presence of bio-fluorophores, e.g., the amino acid
tryptophan and the co-enzyme nicotinamide adenine dinucleotide phosphate (NADH).
The detection channels in these instruments are optimized to measure fluorescence at
the maximum emission spectrum of each bio-fluorophore [24]: tryptophan is excited at
~280 nm and emits fluorescence between 300 and 400 nm; NADH is excited within the
270–400 nm range and emits between 400 and 600 nm [25]; and different bio-fluorophores,
such as riboflavin, are excited at ~450 nm and emit between 520 and 565 nm [5,26,27].
UV-LIF samplers allow for automatic data collection, significantly reducing the workload
for operators. Furthermore, with their online connections to computers, such devices
may also provide an early warning system for excessive levels of hazardous bioaerosols
in outdoor environments [28–30] and in selected indoor environments such as hospitals,
schools, and various workplaces [22,31,32]. While UV-LIF spectrometers present numerous
advantages over traditional methods, the challenge of differentiating between various
bioaerosol classes and even potential non-biological fluorescent interferents remains an
active area of research [33]. Currently, UV-LIF spectrometers do not have a standardized
absolute reference, complicating the comparison of measurements performed with different
instruments. The absence of a calibration standard has also hindered the characterization
of PBAPs, which would facilitate classification through supervised learning techniques.
Consequently, alternative methods must be employed to segregate particle types when
interpreting uncalibrated datasets [34].

Among the various UV-LIF spectrometers, the wideband integrated bioaerosol spec-
trometer (WIBS) represents the most widely used device. It has been developed to operate
as a cost-effective and reliable detector for bioaerosol particles. The WIBS optically reveals
particles ranging from 0.5 to 30 µm, covering a broad subset of particle types such as
bacteria, fungal spores, and smaller-sized pollen or pollen fragments, but excluding smaller
particles such as viruses [5,22]. This paper aims to present the results of an investigation
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of bioaerosol particles from an outdoor environment in a monitoring area in southeastern
Italy, utilizing the WIBS-NEO (the latest version of the Wideband Integrated Bioaerosol
Spectrometer). The primary objective of this preliminary study is to analyze and compare
the contributions of primary biological aerosol particles (PBAPs) from different sources
during specific periods, specifically from Eastern Europe on 10 January 2024 and from
the Atlantic Ocean/Mediterranean Sea on 6 March 2024, using UV-LIF technology. In the
selected monitoring area, previous studies have been conducted to define the structural
characteristics of outdoor airborne communities of both prokaryotic [35] and eukaryotic
microorganisms [36,37], and their relationships with chemical components of PM10 and
meteorological parameters. However, these studies relied solely on off-line methods, such
as the gravimetric collection of PM samples followed by metagenomic analysis of bioaerosol
particles [38,39]. Therefore, this work represents the first attempt to use real-time UV-LIF
technology to assess the contributions of different PBAP sources in the selected region.

2. Materials and Methods
2.1. Site Description

The measurements investigated in this study were conducted on the roof (~10 m
above ground level) of the Mathematics and Physics Department, University of Salento,
in Lecce (40.33◦ N; 18.11◦ E, 30 m a.s.l.), a small city in southeastern Italy. In detail, the
selected monitoring site belongs both to the pan-European research infrastructure ACTRIS
(https://www.actris.eu, accessed on 18 July 2024) and the corresponding Italian research
infrastructure ACTRIS-IT (http://www.actris.it/, accessed on 18 July 2024). It is located
on a flat area of the narrow Salento peninsula, ~6 km away from the city center of Lecce
(~95,000 inhabitants), ~20 km away from both the Ionian and Adriatic Seas, and ~100 and
800 km away from the Balkan and the northern African coastline, respectively. A coal
power plant and a large industrial area are ~35 and 100 km away, respectively, from the
analyzed experimental site. As several studies have shown [38,40–45], because of its central
location in the Mediterranean basin, the study site is affected by long-range transported
aerosols, more specifically by desert dust from northern Africa, polluted particles from
urban and industrial areas of Northern and Eastern Europe, marine aerosols from the
Mediterranean Sea and the Atlantic Ocean, and biomass-burning particles from forest fires
occurring mainly in summertime across Central Mediterranean sites [36]. Therefore, it
may be considered as representative of coastal sites of the Central Mediterranean away
from large sources of local pollution and categorized as rural background according to
Larssen et al. [46].

Based on these premises, in the current study, the analysis of 4-day back-trajectories
from the HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) software
version 5.1 (http://ready.arl.noaa.gov/HYSPLIT.php, accessed on 27 June 2024) developed
by the NOAA-ARL (National Oceanic and Atmospheric Administration—Air Resources
Laboratory) was used to determine the main airflows advected at the monitoring area on
10 January and 6 March 2024.

2.2. Sampling Method and Particle Classification

The sampling of outdoor PBAPs was performed using a wideband integrated bioaerosol
sensor (WIBS-NEO, Droplet Measurement Technologies LLC, Longmont, CO, USA). The WIBS-
NEO is an evolution of the WIBS-4 which employs new operating software and features
a marginally larger sample size range (0.5 to ~30 µm), whereas it is based on the same
measurement method as the original WIBS models [5]. As a single particle fluorescence
spectrometer, WIBS-NEO measures the optical equivalent diameter (Do), fluorescence
characteristics, and asymmetry factor (AF) of particles in real-time [30,47]. The WIBS-NEO
actively aspirates air through a pump, with a flow of 0.3 L/min. Then, the air is carried in
an optical chamber, where the particle stream is first directed towards a continuous 635 nm
laser diode by means of a laminar flow system [48], and thus the elastic scattering intensity
is measured for each particle at a 90◦ offset as it passes the laser diode [49]. This scattered
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intensity is used to determine Do via Mie scattering theory [50]. Subsequently, a quadrant
photomultiplier tube probes the forward scattering intensity at four angular offsets to
calculate the AF [49]. The AF is an approximate representation of particle shape, with AF
from 0 to 15 indicating spherical or nearly spherical particles; AF from 15 to 30 indicating
aspherical particles; and AF from 30 to 100 indicating rod or fiber-shaped particles [29].
After the particle passes the laser diode, it is subjected to UV irradiation via two pulsed
xenon ultraviolet (UV) lamps peaking at 280 nm and 370 nm [49–51]. The resulting particle
fluorescence from each excitation is captured, filtered, and sent to two different fluorescence
detectors: FL1 (detecting light from 310 to 400 nm) and FL2 (detecting light from 420 to
650 nm) [51]. The WIBS provides three fluorescence excitation and emission channels:

• Channel A (excitation: 280 nm, emissions: 310–400 nm);
• Channel B (excitation: 280 nm, emissions: 420–650 nm);
• Channel C (excitation: 370 nm, emissions: 420–650 nm).

Every sampled particle is detected by a laser channel, but not all PBAPs can be
measured by the fluorescent channels. The xenon flashlamps have a maximum duty cycle
of 125 Hz, which can excite and examine, at most, 125 particles/s. When the concentration
is above 25 particles/cm3 and the sample airflow rate is equal to 5 cm3/s, the UV lamps
are not able to detect all of the particles. Undetected particles have size information from
the laser channel, but do not have any signal from fluorescent channels. The examined
particles in fluorescent channels are classified as “Excited” particles, while the undetected
ones are considered as “Unknown”. The WIBS reports the emissions in each channel in
terms of numerical values of arbitrary units. Thus, threshold emission values must be
computed for all three channels using the forced trigger method to distinguish between
fluorescent and non-fluorescent particles [29,49,50]. In forced trigger mode, the xenon UV
lamps operate with no sample flow to ascertain the background fluorescent emissions in
each channel [29]. Particles are labeled as fluorescent in a channel if they exceed the mean
background fluorescence intensity plus three times its standard deviation measured for
that channel [29,47,52,53].

A single particle can fluoresce in more than one channel. Hence, fluorescent particles
identified by the WIBS can be grouped into seven categories:

(I) Type ‘A’ (exhibiting fluorescence only in Channel A);
(II) Type ‘B’ (exhibiting fluorescence only in Channel B);
(III) Type ‘C’ (exhibiting fluorescence only in Channel C);
(IV) Type ‘AB’ (exhibiting fluorescence in both Channel A and Channel B);
(V) Type ‘BC’ (exhibiting fluorescence in both Channel B and Channel C);
(VI) Type ‘AC’ (exhibiting fluorescence in both Channel A and Channel C);
(VII) Type ‘ABC’ (exhibiting fluorescence in all the three channels).

The WIBS output file contains size-resolved single particle data at >1 Hz time-
resolution [14,30]. In this study, only particles with Do in the size range 0.5–10 µm were
selected for analysis. All the data analyses and plots reported in this study were carried
out using the software Igor PRO version 6.20 (WaveMetrics, Portland, OR, USA) by the
WIBS-NEO toolkit program.

3. Results

As reported in Figure 1, we based our analyses on two monitoring days characterized
by different aerosol sources. In detail, the WIBS measurements were first performed on a
winter day (10 January 2024) that was affected by significant particle transport from Eastern
Europe at low altitudes (Figure 1a). As reported in previous works at the same study site
(e.g., [42,54]), the air masses from Eastern Europe are generally responsible for the transport
of a significant amount of anthropogenic airborne particles to southeastern Italy. Therefore,
the clear presence of these back-trajectories at the study site should be associated with a
large increase in fine-mode aerosol particles. On the contrary, the WIBS measurements
performed on 6 March 2024 were associated with different aerosol sources, since the air
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mass back-trajectories reported in Figure 1b clearly showed a significant advection of
marine aerosol at low altitudes at the study site. The location of the selected monitoring
site at the center of the Mediterranean basin leads to several days highly affected by sea
spray and marine-related aerosol particles, as shown by different previous publications
(e.g., [54]). Therefore, the second day selected for the WIBS monitoring activities was
mainly characterized by a greater presence of coarse-mode airborne particles due to the
mean size distribution of marine aerosols.

Aerobiology 2024, 2, FOR PEER REVIEW 5 
 

 

3. Results 
As reported in Figure 1, we based our analyses on two monitoring days characterized 

by different aerosol sources. In detail, the WIBS measurements were first performed on a 
winter day (10 January 2024) that was affected by significant particle transport from East-
ern Europe at low altitudes (Figure 1a). As reported in previous works at the same study 
site (e.g., [42,54]), the air masses from Eastern Europe are generally responsible for the 
transport of a significant amount of anthropogenic airborne particles to southeastern Italy. 
Therefore, the clear presence of these back-trajectories at the study site should be associ-
ated with a large increase in fine-mode aerosol particles. On the contrary, the WIBS meas-
urements performed on 6 March 2024 were associated with different aerosol sources, since 
the air mass back-trajectories reported in Figure 1b clearly showed a significant advection 
of marine aerosol at low altitudes at the study site. The location of the selected monitoring 
site at the center of the Mediterranean basin leads to several days highly affected by sea 
spray and marine-related aerosol particles, as shown by different previous publications 
(e.g., [54]). Therefore, the second day selected for the WIBS monitoring activities was 
mainly characterized by a greater presence of coarse-mode airborne particles due to the 
mean size distribution of marine aerosols. 

 
Figure 1. Four-day analytical back-trajectories reaching the monitoring site of Lecce at ground level 
(red line), at 500 m (blue line), and at 1000 m above ground level (green line) at 12:00 UTC on (a) 10 
January and (b) 6 March 2024. The altitude of each back-trajectory as a function of time is also re-
ported in each plot. 

In Section 2.2, we describe the different characteristics of the seven particle categories 
identified by the WIBS measurements. As previously reported, several studies have 
widely examined the relationships between these WIBS particle categories and different 
bioaerosol types, mainly bacteria, fungi and pollen or other non-biogenic airborne parti-
cles (e.g., [5,8,55]). However, in this study, we selected the classification based on the 
works by Yang et al. [52] and Tang et al. [56]. In more detail, in Table 1 we define the 
potential associations between the seven WIBS categories and the main biogenic and non-
biogenic aerosol types. 

  

Figure 1. Four-day analytical back-trajectories reaching the monitoring site of Lecce at ground level
(red line), at 500 m (blue line), and at 1000 m above ground level (green line) at 12:00 UTC on (a) 10
January and (b) 6 March 2024. The altitude of each back-trajectory as a function of time is also
reported in each plot.

In Section 2.2, we describe the different characteristics of the seven particle categories
identified by the WIBS measurements. As previously reported, several studies have
widely examined the relationships between these WIBS particle categories and different
bioaerosol types, mainly bacteria, fungi and pollen or other non-biogenic airborne particles
(e.g., [5,8,55]). However, in this study, we selected the classification based on the works
by Yang et al. [52] and Tang et al. [56]. In more detail, in Table 1 we define the potential
associations between the seven WIBS categories and the main biogenic and non-biogenic
aerosol types.

Table 1. Potential associations of the 7 WIBS particle categories with the main biogenic and non-
biogenic aerosol particles (with the corresponding size range) based on the results reported by
Yang et al. [52] and Tang et al. [56]. The acronym HULIS represents the humic-like substances.

WIBS Fluorescent Category Aerosol/Bioaerosol Particles (Size Range)

A Bacteria (<5 µm), fungi (2–9 µm), soot (<1 µm), mineral dust (2–7 µm)

B Soot (<1 µm), HULIS (≈1 µm), mineral dust (2–7 µm)

C Pollen fragments (<10 µm)

AB Bacteria (1–5 µm), fungi (2–9 µm), pollen fragments (<10 µm), mineral dust (2–7 µm)

AC

BC HULIS (≈1 µm), pollen fragments (<10 µm)

ABC Fungi (2–9 µm), pollen fragments (<10 µm), clothing fibers (3–10 µm)

Figure 2 presents temporal evolution plots showing various aerosol properties mea-
sured by the WIBS (wideband integrated bioaerosol sensor) on 10 January 2024 at the
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monitoring site of the University of Salento in Lecce (southeastern Italy). This figure con-
sists of four panels, each depicting different aerosol parameters for seven particle categories
(A, B, C, AB, AC, BC, ABC) over a 12 h period from 06:00 to 18:00. In Figure 2a, we
report the average particle diameter for each of the seven particle categories. Therefore, by
combining the results illustrated in Figure 2a with the information reported in Table 1, we
can identify the main aerosol particles detected by the WIBS on the selected winter day (10
January 2024).

Aerobiology 2024, 2, FOR PEER REVIEW 6 
 

 

Table 1. Potential associations of the 7 WIBS particle categories with the main biogenic and non-
biogenic aerosol particles (with the corresponding size range) based on the results reported by Yang 
et al. [52] and Tang et al. [56]. The acronym HULIS represents the humic-like substances. 

WIBS Fluorescent Category Aerosol/Bioaerosol Particles (Size Range) 
A Bacteria (<5 µm), fungi (2–9 µm), soot (<1 µm), mineral dust (2–7 µm) 
B Soot (<1 µm), HULIS (≈1 µm), mineral dust (2–7 µm) 
C Pollen fragments (<10 µm) 

AB Bacteria (1–5 µm), fungi (2–9 µm), pollen fragments (<10 µm), mineral dust (2–7 µm) 
AC  
BC HULIS (≈1 µm), pollen fragments (<10 µm) 

ABC Fungi (2–9 µm), pollen fragments (<10 µm), clothing fibers (3–10 µm) 

Figure 2 presents temporal evolution plots showing various aerosol properties meas-
ured by the WIBS (wideband integrated bioaerosol sensor) on 10 January 2024 at the mon-
itoring site of the University of Salento in Lecce (southeastern Italy). This figure consists 
of four panels, each depicting different aerosol parameters for seven particle categories 
(A, B, C, AB, AC, BC, ABC) over a 12 h period from 06:00 to 18:00. In Figure 2a, we report 
the average particle diameter for each of the seven particle categories. Therefore, by com-
bining the results illustrated in Figure 2a with the information reported in Table 1, we can 
identify the main aerosol particles detected by the WIBS on the selected winter day (10 
January 2024). 

 
Figure 2. Average (a) particle diameter, (b) mass concentration, (c) number concentration, and (d) 
asphericity parameter for each of the 7 particle categories identified by the WIBS measurements 
performed on 10 January 2024 at the monitoring site of Lecce. 

Firstly, we can observe from Figure 2a that A-type particles presented a size range 
between 1 and 2 µm. Therefore, considering the information reported in Table 1, the aer-
osol particles identified as A type were probably composed of bacteria and/or soot parti-
cles. Note also from the other three panels of Figure 2 that these A-type particles were also 
characterized by low mass and number concentrations, in addition to a low value of as-
phericity, probably associated with their small size. Considering the predominance of 
fine-mode particles on the first selected day, also in relation to the air mass back-trajecto-
ries from Eastern Europe, we can infer that this A type category could mainly be associ-
ated with soot particles on 10 January 2024. This conclusion is also supported by the re-
sults for B-type particles shown in Figure 2. In fact, we can note from Figure 2a that the B-
type particles on average presented a size range of about 1 µm, which is typically the mean 
size range for soot particles. In addition, we can observe from Figure 2b,c a significant 

Figure 2. Average (a) particle diameter, (b) mass concentration, (c) number concentration, and
(d) asphericity parameter for each of the 7 particle categories identified by the WIBS measurements
performed on 10 January 2024 at the monitoring site of Lecce.

Firstly, we can observe from Figure 2a that A-type particles presented a size range
between 1 and 2 µm. Therefore, considering the information reported in Table 1, the
aerosol particles identified as A type were probably composed of bacteria and/or soot
particles. Note also from the other three panels of Figure 2 that these A-type particles were
also characterized by low mass and number concentrations, in addition to a low value of
asphericity, probably associated with their small size. Considering the predominance of
fine-mode particles on the first selected day, also in relation to the air mass back-trajectories
from Eastern Europe, we can infer that this A type category could mainly be associated with
soot particles on 10 January 2024. This conclusion is also supported by the results for B-type
particles shown in Figure 2. In fact, we can note from Figure 2a that the B-type particles on
average presented a size range of about 1 µm, which is typically the mean size range for soot
particles. In addition, we can observe from Figure 2b,c a significant increase in both the mass
and number concentrations, respectively, in early morning and late afternoon, typically
associated with the diurnal cycle of atmospheric aerosols (e.g., [42]). The asphericity of the
identified B-type particles is in the range of 10–30%, which is a low value, strictly related to
the small size range of soot particles. Considering the results reported in Figure 2, a possible
component of B-type particles detected by the WIBS measurements could be represented by
the HULIS particles, since they are major components of light-absorbing brown carbon [57]
and biomass burning emissions [58]. Additionally, the identified C-type particles show
low values of both mass and number concentration during the selected monitoring day.
In any case, their size of about 1 µm and the higher value of their asphericity parameter
(~40%) confirm that this type of particle could mainly be associated with some pollen
fragments, as reported in Table 1. Figure 2a also shows that AB-type (green line) and
ABC-type (light blue line) particles exhibited the highest variability during the selected
winter monitoring day. More specifically, the size range of both AB- and ABC-type particles
was of about 1–7 µm. Considering the information reported in Table 1, the previous result
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could be associated with a predominance of fungal spores and pollen fragments in these
two WIBS categories. In addition, due to the detected size range, AB-type particles could
also be associated with bacteria, while mineral dust particles could be excluded because
of the reported air mass back-trajectories on 10 January 2024 (Figure 1a). A significant
contribution of clothing fibers could also be attributed to ABC-type particles (Table 1).
Figure 2b also indicates a diurnal cycle for both fungal spores and pollen fragments with
lower values of mass concentration in the middle hours of the day, generally associated
with an increase in atmospheric turbulence and an increase in the planetary boundary
layer height (e.g., [42]). Furthermore, the number concentration of both AB- and ABC-type
particles is very low (Figure 2c), and their asphericity parameter values, in the range of
10–20%, are typical of fungal spores. Finally, AC- and BC-type particles appeared to have
similar characteristics in the plots of Figure 2 for the selected winter day. Specifically, they
were associated with a small size range (~1–2 µm) and particularly low mass and number
concentrations. Considering the highly variable asphericity parameter, with values up to
80% (Figure 2d), this result could indicate a possible association of BC particles with pollen
fragments on the selected day.

As previously reported in this section, the second day selected to perform the WIBS
measurements was characterized by a different aerosol source, because it was highly
affected by the advection of marine aerosols, as proven by the air mass back-trajectories
illustrated in Figure 1b. Therefore, the same analysis conducted for the first day (10
January 2024) characterized by a continental aerosol source (Figure 2) was repeated for
the second selected day (6 March 2024). In more detail, the time evolutions of average
particle diameter, mass and number concentration, and asphericity parameter determined
by the WIBS measurements performed at the study site during this second selected day are
reported in Figure 3.
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Analogously to what is illustrated in Figure 2, the different aerosol parameters are
reported for each of the seven particle categories determined by WIBS measurements
over a 12 h period from 06:00 to 18:00. If we compare the results illustrated in Figure 3a
(average particle diameter) with the associations described in Table 1, we can recognize
the major aerosol types identified by WIBS on the selected day (6 March 2024) mostly
affected by marine air mass advection. Firstly, we can note from Figure 3a that A-type
particles (red line) exhibited a size range between 1 and 6 µm. Consequently, considering
what is reported in Table 1, the aerosol particles detected by WIBS on 6 March 2024 and
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identified as A type were probably composed of bacteria and/or fungal spores. As reported
in Figure 1b, 6 March was probably also affected by mineral dust advection, as proved by
the 500 m air mass back-trajectory (blue line). Therefore, these last results represent the
first difference between the two investigated days, because the A-type cluster included the
soot particles on 10 January characterized by continental air mass advection, while this
type of particle was replaced by fungal spores and probably by mineral dust on 6 March,
as this day was affected instead by marine air mass and desert dust advection, respectively.
We can note from Figure 3b,c that these A-type particles were also characterized by low
mass and number concentrations, respectively. Then, by observing Figure 3d, the A-type
particles detected on 6 March were characterized by asphericity parameter values in the
range of 5–40%, probably associated with the presence of fungal spores and mineral dust
particles in this A-type cluster. It is noteworthy that the A-type particles detected on 10
January were affected by low values of the asphericity parameter, probably due to the
presence of soot particles that were probably present to a lower extent on 6 March. The
presence of mineral dust on 6 March is also confirmed by the analysis of the B-type particles
detected by WIBS on that day. In fact, the B-type particles were characterized by a size
range between 1 and 5 µm (Figure 3a) that can be associated only with mineral dust among
the particles reported in Table 1 for this WIBS particle category. In addition, we can observe
from Figure 3b,c (blue line) a significant increase in mass and number concentration, which
is also typical in the case of desert dust advection (e.g., [59]). We can also note from these
figures that the significant increase in both B-type particle mass and number concentrations
mainly occurred in the early morning and late afternoon, which is generally related to the
aerosol daily cycle (e.g., [42]). The asphericity parameter of the B-type particles detected on
6 March was in the range of 10–55% (Figure 3d), which also confirms the presence of desert
dust particles associated with the B-type cluster on that day. Then, the C-type particles
detected on 6 March were affected by a size of about 1 µm and higher values of asphericity
parameter (in the range of ~20–50%), and thus these last results confirm that this type of
particle could mainly be related to some pollen fragments, as reported in Table 1. We also
observe from Figure 3b that the C-type particles were affected by low mass concentrations,
while on the contrary, Figure 3c indicates that these particles presented a significant increase
in their number concentrations with respect to the same particles identified on 10 January.
Therefore, a higher number concentration of pollen fragments in the C-type cluster was
detected on a day affected by marine air mass and desert dust advection with respect to a
day mainly affected by continental air masses. Then, among the remaining WIBS particle
categories, AB, BC, and ABC particles presented a highly variable size range, except for
AC particles with a limited size variability (~1–2 µm). In more detail, the AB-type particles
(green line) presented the highest values of mean particle diameter up to 9 µm, while BC-
(purple line) and ABC-type particles (light blue line) were mainly identified in the size
ranges of 1–5 µm and 1–4 µm, respectively. In addition, all of these particle categories
assumed low values of both the number and mass concentration (Figure 3b,c). We can
thus observe then from Figure 3d that the reported asphericity parameter was in the range
of 10–30% for AB- and ABC-type particles, while it was in a wider range (~10–50%) for
the BC particle WIBS category. Therefore, the AB-, BC-, and ABC-type particles detected
by WIBS measurements on 6 March could be associated with all of the potential particles
reported in Table 1 for these categories: bacteria, fungal spores, pollen fragments, and
mineral dust particles for the AB category; fungal spores, pollen fragments, and clothing
fibers for the ABC category; and finally pollen fragments for the BC category. Indeed, the
wider range of the asphericity parameter for the BC category with respect to the AB and
ABC categories could be strictly related to a larger presence of pollen fragments in the BC
category, while in the other two categories, the presence of other types of particles could
significantly decrease the mean value of the asphericity parameter.

Finally, Figure 4 shows the average fluorescence peak as a function of particle diameter
for the three fluorescence channels, FL1, FL2, and FL3, identified on the two different dates
(10 January and 6 March 2024) at the monitoring site in Lecce.
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Figure 4. Average fluorescence peak as a function of the particle diameter for FL1 (with excitation
at 280 nm and detection in the 310–400 nm band), indicated by black bars, FL2 (with excitation at
280 nm and detection in the 420–650 nm band), indicated by yellow bars, and FL3 (with excitation
at 370 nm and detection in the 420–650 nm band), indicated by gray bars, determined by the WIBS
measurements performed on (a) 10 January and (b) 6 March 2024 at the monitoring site of Lecce.

By observing Figure 4a, the black bars (FL1) consistently show the highest fluorescence
peaks on 10 January, followed by yellow bars (FL2), with gray bars (FL3) showing the lowest
peaks across all particle diameters. Then, the trends observed in Figure 4b on 6 March are
similar to those on 10 January, with black bars (FL1) having the highest fluorescence peaks,
followed by yellow bars (FL2), and gray bars (FL3) having the lowest peaks. In addition, by
comparing Figure 4a,b, one can note that there is a noticeable increase in the fluorescence
peaks across all particle diameters on 6 March compared to the data from 10 January
2024. This last result could be associated with the presence of different types of particles on
6 March, while the particles detected on 10 January could be more related to the soot sources.
Regarding the fluorescence intensity detected by the WIBS measurements, the FL1 channel
(A + AB + AC + ABC particle types) consistently shows the highest fluorescence peaks on
both investigated days. This indicates that particles excited at 280 nm and detected in the
310–400 nm band fluoresce more intensely compared to the other channels. This is because
FL1 includes a combination of categories with significant fluorescence contributions such as
bacteria, fungi, mineral dust, and pollen fragments. The FL2 channel (B + AB + BC + ABC
particle types) shows moderate fluorescence peaks, indicating a significant, but lower,
fluorescence intensity compared to FL1. In fact, the moderate fluorescence peaks were
influenced by the presence of soot, HULIS, mineral dust, and biogenic particles such as
bacteria and fungal spores. The FL3 channel (C + AC + BC + ABC particle types) shows
the lowest fluorescence peaks, suggesting that the particles exhibit minimal fluorescence
when excited at 370 nm and detected in the 420–650 nm band. This last result is mainly due
to the association of the FL3 channel only with the detection of pollen fragments, HULIS,
and a smaller contribution from bacteria and fungi. In addition, one can note from Figure 4
that the fluorescence intensity generally increases with particle size for all the channels,
indicating that larger particles tend to exhibit higher fluorescence peaks. In more detail,
particles with a size range of around 2.5–5 µm show the highest fluorescence peaks, likely
due to the increased presence of pollen fragments and fungi within these size ranges. There
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is a noticeable increase in fluorescence peaks in March (Figure 4b) compared to January
(Figure 4a) across all channels and particle sizes. This could be due to seasonal variations
in composition or concentration of airborne particles at the selected monitoring site. The
higher fluorescence peaks in March suggest a potential increase in biological and/or organic
airborne material during this period, which could be linked to seasonal events, such as
plant blooming and/or increased human activities (e.g., agricultural activities). In summary,
Figure 4 illustrates the dependence of fluorescence intensity on particle size and season,
with notable differences between the two selected days, suggesting seasonal variations
in airborne particle composition at the monitoring site and confirming the results about
the comparison of Figure 2 (10 January) and Figure 3 (6 March). In conclusion, the main
outcomes obtained regarding the seven WIBS categories can be summarized as follows:

• Category A particles: 10 January: composed mainly of soot and bacteria, with a size
range of 1–2 µm and low mass and number concentrations; 6 March: composed of
fungal spores and mineral dust, with a size range of 1–6 µm and low concentrations.

• Category B particles: 10 January: predominantly soot particles, around 1 µm in size,
with significant diurnal variations in mass and number concentrations; 6 March:
mineral dust particles, with a size range of 1–5 µm, showing increased concentrations
in the morning and late afternoon.

• Category C particles: 10 January: likely pollen fragments, around 1 µm in size, with
low mass and number concentrations; 6 March: increased number concentrations
compared to January, still likely pollen fragments.

• Category AB particles: 10 January: size range of 1–7 µm, possibly including fungal
spores, pollen fragments, and bacteria, with low concentrations; 6 March: high size
variability (up to 9 µm), including bacteria, fungal spores, pollen fragments, and
mineral dust, with low concentrations.

• Category AC particles: 10 January and 6 March: small size range (~1–2 µm), likely
including fungal spores and pollen fragments, with low concentrations and variable
asphericity.

• Category BC particles: 10 January and 6 March: size range of 1–5 µm, likely including
pollen fragments, with low concentrations and variable asphericity.

• Category ABC particles: 10 January: high variability, size range of 1–7 µm, possibly
including fungal spores, pollen fragments, and clothing fibers, with low concentrations;
6 March: size range of 1–4 µm, likely including fungal spores, pollen fragments, and
clothing fibers, with low concentrations.

4. Discussion

The analysis presented in this work provides significant insights into the variation in
aerosol particle characteristics and sources over two distinct monitoring days (10 January
and 6 March 2024) at the monitoring site of the University of Salento in Lecce, southeastern
Italy. By employing the WIBS (wideband integrated bioaerosol sensor) measurements,
it was feasible to differentiate between the particle types and their origins, revealing
the complex dynamics of the aerosol compositions in this Mediterranean region. Our
findings were related to the distinct characteristics in the aerosol sources between the
two selected days, as shown in Figure 1. The winter day (10 January) was characterized
by significant transport of anthropogenic particles from Eastern Europe, resulting in an
abundance of fine-mode particles. This is consistent with previous studies [42,54], which
reported high concentrations of anthropogenic aerosols in southeastern Italy due to the air
mass trajectories from Eastern Europe. Conversely, the measurements on 6 March were
mostly influenced by marine aerosol sources, leading to a predominance of the coarse-
mode particles. The advection of marine aerosols, combined with occasional mineral dust
transport, aligns with the exposure of the location to Mediterranean Sea spray and desert
dust outbreaks [54].

The seven WIBS particle categories (A, B, C, AB, AC, BC, and ABC) showed varying
characteristics based on the different sources and seasons. On 10 January, particles were
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predominantly fine-mode, with types A and B likely mainly consisting of soot and bacteria.
The low asphericity values and size range (~1 µm) for these particles, along with diurnal
patterns in mass and number concentrations, suggest their association with anthropogenic
activities and combustion sources. In contrast, on 6 March, the presence of marine aerosols
and mineral dust fostered the presence of larger particle sizes and different bioaerosol
compositions. The A-type particles on this day included fungal spores and mineral dust,
reflecting the influence of marine and desert dust advection. The B-type particles, with
increased mass and number concentrations, were also indicative of the mineral dust, further
supported by their size range and asphericity values. The comparison between the two
days highlighted a significant seasonal variation in particle composition. The shift from
soot-dominated aerosols in winter to marine and dust aerosols in early spring underscores
the dynamic nature of aerosol sources in the investigated region.

Figure 4 reveals notable differences in fluorescence peaks between the two days. The
FL1 channel, associated with particles such as bacteria, fungal spores, mineral dust, and
pollen, consistently showed the highest fluorescence peaks, reflecting the high bioaerosol
content. The increased fluorescence peaks on 6 March compared to 10 January suggest a
higher concentration of biological or organic material during early spring, potentially due
to plant blooming and/or agricultural activities. Then, the moderate fluorescence peaks in
the FL2 channel and the lowest peaks in the FL3 channel further corroborated the varying
bioaerosol types. The FL2 channel’s peaks were influenced by the presence of soot, HULIS,
and biogenic particles, while the FL3 channel’s minimal fluorescence was mainly due to
pollen fragments, HULIS, and a smaller contribution from both bacteria and fungal spores.

This work highlights the importance of understanding seasonal and source variations
in the aerosol particle characteristics for environmental monitoring and health assessments.
The clear distinction between winter and spring aerosol compositions underscores the need
for continuous monitoring to capture the dynamic changes in air quality. The integration
of WIBS measurements with air mass back-trajectories proved effective in identifying
aerosol sources and their potential impacts on local air quality. However, it should be
remarked that examining aerosol characteristics and sources based on only two days of
data is a limitation of this research. While the two selected days provide a snapshot of
different seasonal conditions, a more extended sampling interval would be necessary to
fully understand the complex processes and variations in aerosol compositions and features.
Moreover, integrating other analytical techniques could provide a more comprehensive
understanding of the complex interactions between different aerosol sources and their
environmental and health effects.

5. Conclusions

In this work, we investigated the main characteristics and sources of aerosol and
bioaerosol particles in a Mediterranean region, using advanced WIBS-NEO measurements
and HYSPLIT air mass back-trajectories, over two distinct seasonal days. By achieving this,
we aimed to enhance the understanding of the dynamic nature of aerosol and bioaerosol
compositions and their potential impact on air quality.

Our analysis successfully differentiated particle types and traced their origins, reveal-
ing significant seasonal variations in aerosol sources and compositions. On 10 January 2024,
a winter day, the aerosol measurements were dominated by fine-mode particles, primarily
transported from Eastern Europe and largely composed of anthropogenic aerosols such as
soot and bacteria. Conversely, on 6 March 2024, an early spring day, the aerosol composi-
tion was characterized by coarse-mode particles, heavily influenced by marine aerosols
and occasional mineral dust advection. This seasonal shift to marine and dust influences
highlights the diverse and dynamic sources impacting the region, fulfilling our objective of
capturing seasonal variability in aerosol characteristics.

The analysis of the seven WIBS particle categories further elucidated these seasonal
differences. On the winter day, particles were mainly fine-mode, with types A and B likely
representing soot and bacteria, reflecting the anthropogenic impact. In contrast, the early
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spring day measurements revealed larger particles, including fungal spores and mineral
dust, indicative of marine and desert dust aerosols. Fluorescence intensity data provided
additional insights into the increased biological and organic airborne material during early
spring, suggesting environmental shifts related to plant blooming and agricultural activities.

Our study underscores the effectiveness of integrating WIBS measurements with air
mass back-trajectories in identifying aerosol sources and assessing their potential impact
on air quality. Future research should aim for a longer temporal span and the integration
of additional analytical techniques to provide a more comprehensive understanding of
aerosol dynamics and their environmental and health effects. In conclusion, this study
advances the understanding of seasonal and source variations in aerosol and bioaerosol
particle characteristics in a Mediterranean region, emphasizing the need for continuous
and comprehensive monitoring using the WIBS-NEO device to inform environmental and
public health policies effectively.
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