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INTRODUCTION

This deliverable is prepared in the context of the ITINERIS project, within the Work Package 4 that
deals with the integration of Research Infrastructures working in the atmospheric domain through
synergistic approaches and cross boundaries developments. The deliverable reports the progress in
the source identification and characterization by using online instruments for detection of aerosol
composition or aerosol absorption within the Activity 4.12). Specifically, it will be discussed: the
use of real-time measurements of absorption and total carbon to evaluate the brown carbon
absorption and the secondary organic carbon; some results of source identification for organics using
the TOF-ACSM; some examples of identification of source by using on-line ED-XRF measurements.

This document is structured in five different chapters: the introduction; three chapters dealing with
the above-mentioned aspects; conclusions.

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
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IDENTIFICATION OF CARBON SOURCES USING ONLINE DATA

Carbonaceous aerosols (CA) represent an atmospheric pollutant with critical local, regional, and
global importance. CAs can be described by numerous components of different origins. According
with the literature, these fractions are commonly indicated by this acronym (Massabo et al., 2021).
In the following we reported a brief list of CA acronyms considered in this report:

e TC (Total Carbon) is the total mass of carbon in an aerosol sample. Frequently, TC is
measured by thermal evolution or thermo-optical analysis.

e EC (Elemental Carbon) is operationally defined as the fraction of TC carbon which does not
volatilize at low temperature, usually below 550°C. EC is a primary pollutant being mainly
released in particle-phase from incomplete combustion processes of carbon-containing fuels.

e OC (Organic Carbon) is the fraction of TC containing organic molecules. OC includes
thousands of different organic compounds (e.g., aliphatic, aromatic hydrocarbons,
carboxylic acids and carboxylic compounds with polar substituent, etc.) with widely varying
chemical and physical properties. It can be directly emitted as a primary OC (POC) from
many sources including combustion, industrial emissions, geological and natural sources.
OC can also form in the atmosphere as secondary OC (SOC), when some volatile and semi-
volatile organic compounds are chemically transformed, and the products undergo
condensation or nucleation.

o ¢BC (equivalent Black Carbon) is also defined as the TC fraction which shows a high
absorption across a wide spectrum of visible and infrared wavelengths. The acronym eBC is
frequently used to identify the results of optical determination of the carbon content in the
PM. Many authors suggested that eBC values should be delivered together with a suitable
MAC (Mass Absorption Cross-section) for the conversion of light absorption coefficient into
mass concentration.

CA has arole in different atmospheric processes such as: radiative forcing (Bond et al., 2013; IPCC,
2021), heterogeneous reactions, cloud formation, and regional visibility degradation, along with their
potential adverse impact on human health (Daellenbach et al., 2020; Tomasek et al., 2021; WHO,
2021). The carbonaceous fraction is an important component of PM, generally representing between
20% and 50% of its mass (Kanakidou et al., 2005; Putaud et al., 2010), mainly of anthropogenic
origin (Bond and Bergstrom, 2006) and because of its effects, scientific community has increased his
attention in this pollutant. An intensive observation campaign has been performed between March
and April 2023, collecting in parallel daily samples of PM10 and PM2.5 and measuring on these
samples OC and EC concentrations. Simultaneously, equivalent black carbon (eBC) concentrations
were monitored online by means of three different instruments: a Multi-Angle Absorption
Photometer (MAAP), an acthalometer (AE33), and a Giano BC1 black carbon analyser.

Measurement site and set-up

The sampling site is at institute CNR-ISAC of Lecce, where is located the Environmental Climate
Observatory (named in the following ECO) (SE Italy, 40°20°8” N - 18°07°28” E, 37 m a.s.l.) (Fig.
1a). The study site, classified as an urban background site (Cesari et al., 2018), is subjected to long-
range transport phenomena from East Europe and coarse dust advection events from Africa, as well
as sea spray contribution and secondary aerosol formation due to photochemical transformation of
air pollutants, thus representing a mix of regional background conditions in the heart of the
Mediterranean basin. The sampling set-up used for this study was composed of two automatic aerosol
sampler: the SWAM 5A Dual Channel Monitor (FAI Instruments srl), located in the ECO shelter
(Figure la), providing simultaneously PMo and PM,s mass concentrations according to the B-
attenuation method; and the Giano BC1 black carbon analyser, composed of a standard low-volume
PM sampler equipped with an optical module for eBC online measurements. The Giano BC1 was

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
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installed on the roof of the ISAC building, close to the ECO shelter (Figure 1b). In this report, the
PM concentrations used for data analysis are those measured with the SWAMSA Dual Channel
Monitor. Between 22 March and 19 April 2023, 86 aerosol samples (57 PMio and 29 PM,5) were
collected, using quartz fibre filters (Whatmann, 47 mm in diameter). All filters were thermally pre-
treated (for 2h at 700°C) to remove, before sampling, any residual carbon contamination on blank
membranes (Dinoi et al., 2017). The collected daily PM samples were stored at 4°C between until
the EC/OC analysis. The analysis of carbonaceous species (i.e. EC/OC) in PM samples were done
using a Sunset OC/EC Analyser (Sunset Laboratory Inc., OR, USA, Figure 1b) operating with the
EUSAAR?2 protocol (thermo-optical method). A multipoint calibration, using as external standard a
sucrose solution (2.198 g/l in water, CPAchem Ltd), was done to correct OC and EC measured
concentrations. Linear calibration had a slope of 0.97, a negligible intercept, and a determination
coefficient R>=1.

online measurements

———

AE33 (eBC) | [online/offline (PM,5, eBC) | EC/OC

MAAP (eBC) | ons | Analysis
Giano BC1 |

TCA08 (TC) L t_)ff_lil:o Tfagu{orj\enh | on_quartz
eBC, PMy5 | filters

[ SWAM [

sampledon | | |

__quartzfilters || PMy/PM,5 | PC data
: s::rltpzl:i(l’t:g : post- processing
__quartzfilters |

Figure 1. Sampling set-up: the ECO facility and the Giano BCI black carbon analyser.

In measurements of eBC, the Mass Absorption Cross-section (MAC) is an important parameter to
describe the optical properties of EC (Liu et al., 2015). MAC has been firstly introduced by Bond et
al. (2006) as the light absorption cross section normalized to the mass of a given species (e.g. BC) of
aerosol particles (in units of m*/g) both for absorption or scattering cross section, and is applied for
the conversion of the light absorption coefficient to eBC mass concentration. In this work the MAC
values determined in-situ and reported in a previous deliverable and in Cesari et al (2025) are used.

Further information regarding carbonaceous aerosol have been gained by a Real Time Total Carbon
Aerosol Analyzer (Aerosol Magee Scientific, TCAO8) located in the ECO observatory. This
instrument, equipped with a PM» 5 head, uses a thermal method for TC determination. It is composed
of two parallel flow channels with two analytical chambers, which alternate between sample

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
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collection and thermal analysis, giving a semi-continuous TC measurement. Further, it is possible
obtain the concentration of organic carbon (OC) by subtracting black carbon concentration measured
by the AE33, from the total carbon concentration measured by the TCAO08.

Determination of hourly POC and SOC from TCA data

Data collected with the TCAO08 analyser allowed the determination of the secondary organic carbon
(SOC) and of the primary organic carbon (POC), following the method described in Ivancic et al.,
(2022) and assuming that POC and BC are co-emitted by combustion sources. The equations are:

POC=(OC/BC)pim x BC (Eq. 4)
SOC=0C — POC (Eq. 5)

For calculating the ratio (OC/BC)prim, the R-squared method has been used. Briefly, the hypothetical
SOC is firstly calculated for a wide range of hypothetical (OC/BC)prim ratios (for ratios 0.1 to 10 in
0.1 steps). SOC and BC is calculated for every hypothetical (OC/BC)yim ratio, and the optimal
(OC/BC)prim ratio is chosen where the R-squared is minimal. In Figure 2 a summary of PMo and
PM, s measurements together with OC/EC thermo-optic determination is reported for the studied

period.
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Figure 2. Daily trend of OC and EC both in PM10 (top) and PM2.5 (bottom) fractions.

The average concentrations of PM obtained were 17.1 (+ 1.1) ugm?® for PMjo and 10.4 (+ 1.0) pg/m’
for PM>s. Considering the whole measurement period, OC and EC represented, on average, 16.5%
and 3.6 % of PM,o in mass, and 22.6% and 5.5% of PM,s. These values are in agreement with those
reported in a recent study of Merico et al., (2025). The complete dataset of eBC raw data, collected
with MAAP, AE33 and Giano BC1, and EC concentration, obtained with the Sunset (EUSAAR?2
protocol), were used to estimate the MAC in-situ. In Table 1, the new values of MAC are reported.

In Figure 3 the daily pattern of eBC, measured with MAAP, AE33 and GIANO BCl, is reported.
The daily pattern shows some interesting aspects. The first is that the lowest concentrations are
observed around midday and early afternoon and there is a clear modulation of the atmospheric eBC
concentrations due to the daily evolution of the planetary boundary layer (PBL) height. The second
aspect is that in the early morning a peak is evident, probably due to traffic emissions, which occurs

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
aerosol sources based on online measurements [B18] Pag. 8



@ITIN=RIS

MISSIONE 4
ISTRUZIONE
RICERCA

at 6 am. Finally, during the evening/nighttime there is a eBC peak higher that is probably due to a
mixed effect between the PBL dynamics and the traffic and domestic heating emissions.
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Figure 3. Daily pattern of eBC (ug/m3) measured with MAAP, AE33 and GIANO BCI.
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Figure 4. Daily pattern of OC, SOC and POC (ug/m3) obtained by measurement from with TCA. Daily pattern of eBCff
and eBCbb retrieved with Aethalometer model approach.
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In Figure 4 the daily patterns of OC, POC, and SOC are shown togheter with some diagnostic
concentration ratios. In Figure 5 the biomass burning contribution to eBC measured with AE33 is
reported together with the fossil fuel contribution. As already mentioned, multi-wavelength
Aethalometer data may be used to derive the fossil fuel and the biomass burning contributions to
eBC (eBCyr and eBChy, respectively). This approach is called “Aethalometer model” and assumes
that light-absorbing particles only originate from vehicle and biomass-burning emissions
(Sandradewi et al., 2008; Zotter et al., 2017). Results showed that, on average, eBCy accounted for
about 65% of the measured eBC, while the eBCbb is only 35%, indicating that the ECO site is more
influenced by fossil fuel combustion in spring season. The analysis of the daily pattern showed two
pronounced peaks for eBCy: the former in the early morning at 6 a.m., the second in the evening at
22 p.m., clearly associated with human activity, traffic emissions in particular. As previously stated,
the nighttime peak could be due to a combined effect of traffic emissions and the PBL height.
Regarding the eBCyy, daily patter, this is mainly characterized by a peak during the evening/night,
less pronounced than that of eBCry, that could be due both to the use of biomass burning for domestic
heating and a to the PBL dynamic.
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Figure 5. Daily pattern of eBCff and eBCbb retrieved with Aethalometer model approach.

The average AAE calculated for aerosols collected at the ECO site was 1.46, suggesting the presence
of brown carbon (BrC). It is important to highlight that the reported AAE value is an average
estimates that may vary under real atmospheric conditions, being site-dependent and can vary
significantly due to factors such as PM source contributions, atmospheric processing, and the
evolving properties of carbonaceous aerosol, including morphology, size distribution, aging,
transport, and microphysical characteristics. Distinguishing between black carbon and brown carbon

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
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solely based on AAE may not be quantitatively precise, as auxiliary measurements providing
information on particle size, coating thickness, chemical composition, and particle morphology are
necessary to support accurate aerosol characterization. However, despite these uncertainties,
determining the AAE remains crucial for understanding the optical properties of different aerosol
types. Accordingly, the results presented in this study should be interpreted as indicative of the
presence and relative contribution of BrC, rather than as exact quantitative values. In Figure 6 the
absorption coefficients (babs) are reported as a function of wavelength in the investigated range 370
nm - 950 nm. The red line represents the total absorption given by AE33 for the aerosol collected in
ECO site (AAE=1.46), while black line represent absorption by eBC (AAE=1) with the grey-shaded
area indicating the eBC absolute contribution. The orange-shaded area represents the BrC
contribution, calculated as the difference between the total AE33 absorption and the estimated eBC

absorption.
35 -
30 ] 370 nm: BrC = 35%, eBC =~ 65% b_abs eBC
470 nm: BrC = 26%, eBC = 74% b_abs BrC
25 1 =o—Absorption by BC
=eo—Absorption by AE33
~ 20 1
E _]
3 15
3,
a 10 1
5 3
370 470 520 590 660 880 950
Wavelenght (nm)

Figure 6. Wavelength dependence of average absorption coefficients (babs) and relative contribution of eBC and BrC to
the total absorbance measured with AE33. The relative contributions of BrC and eBC are explicitly annotated at the key
wavelengths (370

Summary

e An intensive observatory campaign has been performed between March and April 2023,
collecting in parallel daily samples of PM;o and PM 5, determining their content in OC and
EC concentrations and simultaneously, collecting in high time resolution eBC and TC data.

e The average concentrations of PM obtained were 17.1 (x 1.1) pgm® for PM; and 10.4 (=
1.0) ugm?® for PM, 5. Considering the whole measurement period, OC and EC represented,
on average, 16.5% and 3.6 % of PM,o in mass, and 22.6% and 5.5% of PM .

e The diurnal variations in eBC and POC concentrations highlighted the strong influence of
local sources at ECO site, i.e. traffic (contributing to the eBC for 64%) and biomass burning
for residential heating (contributing to the eBC for 36%), modulated by local meteorological
dynamics. The application of the Aethalometer model showed that fossil fuel combustion
was the dominant source of eBC at ECO site, though biomass burning also played a relevant
role, especially during evening and early morning hours. SOC contributions, accounting for
36% of the measured OC, were more prominent during midday hours, reflecting the
enhanced photochemical activity in this part of the day.

e The analysis of the aerosol optical properties performed with AE33 indicated the presence
of a certain amount of BrC in the collected aerosol, particularly at shorter wavelengths (up
to 35% of absorption at 370 nm). The BrCas diurnal pattern at 370 nm was higher during the

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
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night-time and decreasing in the diurnal hours, suggesting that this parameter was mainly
influenced by biomass burning source (or domestic heating) at ECO site.

o The use of on-line measurements of total carbon coupled with acthalometer measurements
allows the high temporal resolution apportionment of eBC, the determination of primary and
secondary OC, and the estimate of the absorption due to brown carbon.

IDENTIFICATION OF SOURCES BY MEANS OF THE TOF-ACSM

The Aerosol Chemical Speciation Monitor TOF-ACSMO089 was installed in the new shelter of ECO
station in September 2024. Here the preliminary data analysis of the period 24/09/2024-17/02/2025
is reported. The instrument can furnish measurements at high temporal resolution (10 minutes) of
some chemical components of PM; and it could furnish information useful for near-real-time source
apportionment and for source identification. Specifically, the results reported here are:

temporal variability of measurements for the period 24/09/2024 — 17/02/2025
a first comparison of ToF-ACSM with SMPS data

a first determination of the detection limits in current operative conditions
Source apportionment of organics using the software Sofi Pro

Further development will include the post-processing of the data collected after 27/05/2025.

The acquired data were validated according to the methodology reported in the Tofware user guide
for Tof ACSM manual (updated July 2023 — Aerodyne). Figure 7 shows the time series in UTC of
the data for the following species: Organics (Org), nitrate (NO3), sulphate (SO4), ammonium (NHy)
and chloride (Chl). Starting from the end of November 2024, an increase in the concentration of
organic matter is observed (mean and standard error of the period 24/09/2024 — 8/11/2024: 4.8 £ 0.1
pg/m?’; mean and standard error of the period 16/11/2024 — 17/02/2025: 7.9 + 0.2 ug/m®), an increase
in nitrate concentrations (mean and standard error of the period 24/09/2024 — 8/11/2024: 0.69 + 0.02
ng/m*; mean and standard error of the period 16/11/2024 — 17/02/2025: 1.16 + 0.03 pg/m®) and a
decrease in sulphate concentrations (mean and standard error of the period 24/09/2024 — 8/11/2024:
1.68 £ 0.03 pg/m’; mean and standard error of the period 16/11/2024 — 17/02/2025: 0.84 + 0.01

ug/m’).

Figures 8 shows the daily patterns of the different measured components. It is observed that organics
have a daily pattern comparable to that of OC with lower values during diurnal hours. The same
applies for nitrate, while sulphate and ammonium have limited daily variabilities. Figure 9 shows
weekly patterns of the different chemical species.
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Figure 8. Daily patterns of the different chemical species. Time in UTC.
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As reported in the COST Action COLOSSAL guidelines (2019), in order to evaluate the accuracy of
the tuning and calibration parameters of the ToF-ACSM operating conditions, it is necessary to
compare the data obtained from ACSM measurements with external data from co-located
measurements, obtained on the same size fraction. In general, the comparison is based on the concept
of reconstructing PM concentrations as the sum of the concentrations of the major species, i.e.,

PM1, chem = NO;3 + SO4 + NH4 + CI + Org + eBC

where NOs, SOs, NH4, CI, Org are the concentrations of nitrate, sulphate, ammonium, chloride, and
organic aerosol measured by the ACSM (after data post-processing) and eBC are the concentrations
of black carbon derived from photometric absorption measurements.

The PM1, chem values can therefore be compared with external PM data obtained from co-located
measurements. Figure 10 compares the hourly mean PM1 volume concentrations obtained from the
ACSM ToF with those obtained from the SMPS from September 24, 2024, to January 29, 2025.

The hourly mean mass concentrations obtained from the ACSM ToF data were converted to volume
concentrations by dividing the mass concentrations of each species by their respective densities, then
summed together and finally compared with the corresponding volume concentrations obtained from
the SMPS (COST Action COLOSSAL (2019)). As shown, there is good correlation between the
ACSM ToF data and the SMPS data (R? > 0.80; COST Action COLOSSAL (2019)), however the
slope is significantly larger than one and this should be furtherly investigated and it could be partly
due to the eBC values that were not considered in the comparison as they were not available for the
PM1 fraction.
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Figure 10. Comparison of PM1 reconstructed by TOF-ACMS with the values obtained by the SMPS.

After replacing the diaphragms of the ACSM ToF forepump, and before restarting continuous
acquisition, the ammonium detection limit was determined by placing an EPA filter upstream of the
sampling line (see Figure 11). The detection limit in question, obtained as 3 times the standard
deviation of the concentrations, was estimated on an acquisition dataset spanning over 12 hours (6:44
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PM on May 26, 2025 — 7:44 AM on May 27, 2025) and is equal to 0.28 pg/m’. This value will be
used for data post-processing instead of the default value.

Figure 11. Setup with HEPA filter for TOF-ACSM.

The following are the preliminary results of source apportionment of data for the period September
24, 2024 — February 14, 2025 using Sofi Pro software. The four- and five-factor solutions are
discussed.

Four-factor solution

The first factor is characterized by the contribution of oxygenated fragments with m/z 29, 60, and
73; the second and fourth factors are dominated by oxygenated fragments with m/z 43 and 44; while
the third factor is characterized by contributions of hydrocarbon fragments with m/z 29, 41, 43, and
55. These factors, according to the nomenclature used in ACTRIS, are identified as:

e BBOA (biomass burning OA). The diurnal cycle of this factor shows a peak during the
evening hours.

o LO-O0A (less oxidized-oxygenated OA). This factor appears to be significantly influenced
by BBOA and therefore could be an oxidation product of BBOA or an SOA composed of
gaseous emissions linked to BBOA and MO-OOA.

o  MO-OOA (more oxidized-oxygenated OA)

e HOA (hydrocarbon-like OA). The diurnal cycle of this factor shows a bimodal trend with
morning and evening peaks.

Five-factor solution

In the five-factor solutions, BBOA is split into two: one appears to be the classic BBOA associated
with wood combustion for domestic heating, whose contribution increases towards the end of
November and remains almost constant thereafter (figure 14: factor 5 in blue - BBOAL1), the other
has a more episodic nature and could be linked to agricultural biomass combustion or similar events

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
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(figure 14: factor 1 in red - BBOA2). Adding these together yields the BBOA amount of the four-
factor solution; the solutions appear to be quite consistent. To confirm this split, a comparison with
tracer data sampled in the same period, such as levoglucosan, will be necessary.

Furthermore, the solutions with constrains for HOA, BBOA, and COA (cooking OA) were tested
with the software used. In particular, the solutions with constrained BBOA and COA were excluded
because the BBOA profile appears to be significantly different from that of the typical profile. So
much so that when forced, both the forced profile and another factor are obtained, as the model
cannot explain all the BBOA present in the matrix. Meanwhile, the COA (cooking OA) does not
appear to be significantly present: forcing it results in a profile that does not have the expected diurnal
trend and is therefore likely an artifact.

The solutions with constrained HOA show a rather modest impact on quantification, which does not
justify their use for the current data set.
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IDENTIFICATION OF SOURCES BY MEANS OF THE ONLINE ED-
XRF SYSTEM (XACT)

The Xact® 625i instrument has been installed at ECO (new shelter) for online detection of the
elemental chemical composition of atmospheric PMo that could provide valuable insights into the
nature of its emission sources. In this context, the ECO laboratory, through the ITINERIS project,
has acquired an Xact® 6251 analyser, specifically designed for near real-time monitoring of metal
concentrations in ambient air. This instrument offers high temporal resolution and detection limits
comparable to traditional offline laboratory analyses for the majority of the elements. The Xact®
6251 is equipped with a meteorological station that records wind speed and direction. Sampling is
performed using a PM10 inlet with an operational flow rate of 16.7 L/min. The instrument is
calibrated for 44 elements: A/, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, A4s, Se,
Br, Rb, Sr, Y, Zr, Mo, Pd, Ag, Cd, In, Sn, Sb, Te, Cs, Ba, La, Ce, W, Pt, Au, Hg, Tl, Pb ¢ Bi. A 3-hour
sampling interval was chosen to enhance measurement sensitivity. Under the typical conditions of
the observatory, not all calibrated species are effectively quantified above the detection limits. Below
are the preliminary results from the first measurement period, spanning from 30/11/2024 to
30/06/2025. Table 2 presents the 34 measurable elements and their corresponding limit of detection
(LOD) values, considering a sampling time of 3 hours, according to manufacturer. The third column
indicates the percentage of measurements exceeding the LOD during the analysed period.

Elements LOD Data Above LOD
(ng/m’) (%)
Aluminium (Al) 19 100
Silicon (Si) 3.4 81
Sulphur (S) 0.6 100
Chlorine (Cl) 0.33 100
Potassium (K) 0.22 100
Calcium (Ca) 0.057 100
Titanium (Ti) 0.03 100
Vanadium (V) 0.023 71
Chromium (Cr) 0.022 94
Manganese (Mn) 0.027 97
Iron (Fe) 0.033 100
Cobalt (Co) 0.026 0
Nickel (Ni) 0.018 99
Copper (Cu) 0.015 100
Zinc (Zn) 0.013 100
Gallium (Ga) 0.011 21
Germanium (Ge) 0.011 0
Arsenic (As) 0.012 99
Selenium (Se) 0.016 86
Bromine (Br) 0.02 100
Strontium (Sr) 0.041 99
Molybdenum (Mo) 0.092 0
Palladium (Pd) 0.42 0
Silver (Ag) 0.37 100
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Cadmium (Cd) 0.48 17
Tin (Sn) 0.78 4

Antimony (Sb) 0.99

Barium (Ba) 0.074 81
Lanthanum (La) 0.069

Platinum (Pt) 0.023

Mercury (Hg) 0.023

Thallium (TI) 0.022

Lead (Pb) 0.024 84
Bismuth (Bi) 0.025 9

Table 1. List of the 34 measurable elements, their corresponding LOD values, and the percentage of measurements
exceeding the LOD during the analysed period.

The UO ISAC-Lecce participated to an inter-comparison of Xact measurements organized by the
Section of Firenze of INFN within the MITRAP project and the preliminary results were presented
at the European Aerosol Conference EAC2025 (Fratticcioli et al., 2025). However, final results are
not available yet and this will not be further discussed in this report.

An inter-comparison of Xact online measurements with benchtop off-line ED-XRF elemental
concentrations was finally performed on 14 elements (Al, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Cu, Zn, Br,
Sr, Pb). The off-line measurements were done on quartz filters sampled independently from the tape
of Xact using the calibration and correction factors defined in Dinoi et al., 2024; Unga et al., 2025).
Therefore, there could be differences due to non-completely corrected matrix effects as well as to the
difference in the sampling. Results, presented at the European Aerosol Conference EAC2025
(Deluca et al., 2025), are shown in Figure 14. The Figure 15(a) shows box plots of the concentrations
for the elements that were compared. The bottom and the top of each box are the 25th and 75th
percentiles, respectively, the line in the middle of the box is the median; the bottom and top whiskers
are the minimum and maximum value respectively. The part (b) shows the coefficient of
determination of the linear regression for each element.
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Figure 15. Intercomparison of Xact and benchtop ED-XRF measurements.
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Figure 16. Some examples of daily time series of elements measured with Xact and benchtop ED-XRF for PM10.

Figure 16 shows the intercomparison time series for some specific elements suggesting that there
could be an underestimation of some elements with offline ED-XRF that will be further investigated
with a second step of the intercomparison in which the same filters will be analysed by both systems.

During the measurement period, 21 elements recorded at least 75% of concentrations above the LOD.
These real-time measurements enhance the capability to identify and characterize atmospheric
pollution sources, supporting environmental monitoring and regulatory compliance efforts. The
dataset available until end of June 2025 was used to identify some characteristics of the primary
emission sources impacting the ECO observatory. Figure 17 shows the average daily pattern of
sulphur, silicon, calcium, and titanium, elements typically associated with crustal phenomena and
secondary inorganic aerosol, which do not exhibit significant daily variability (S) or show larger
values during diurnal hours (Calcium, Silicon, and Titanium).
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Figure 17. Average daily pattern of sulphur, silicon, calcium, and titanium.

Conversely, Figure 18 presents the daily patterns of potassium, barium, lead, and copper whose
concentrations are lower during diurnal hours with a possible modulation influenced by the BLH.
The daily pattern of iron, chromium, zinc, and manganese is shown in Figure 19 with concentrations
fluctuating throughout the day, showing two peaks in the same period of the day in which peaks of
primary organic carbon and eBCy (morning) and eBCup, (night) suggesting that both combustion
sources (i.e. road traffic and biomass burning) influences these elements.
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Figure 19. Average daily patterns of iron, chromium, zinc, and manganese.

Additionally, sporadic events were observed on January 1, 2025, associated with fireworks, during
which peaks of typical elements such as S, Al, Ba, Bi, and Cu were recorded (see Figure 20). Many
elements are used in fireworks as colour or sparkle emitters (e.g.: Al and Mg for white, Ba for green,
Cu for blue, Sr for yellow) and have often been used as tracers of this source, even if they are not
selective as they are also contained in soil/road dust and non-exhaust traffic emission. In the case of
Bi, instead, fireworks are by far the most relevant atmospheric source of this element and its insoluble
fraction constitutes a reliable and robust tracer of fireworks (Perrino et al., 2011).

D4.12.3: Methodologies for identification and characterization of natural and anthropogenic
aerosol sources based on online measurements [B18] Pag. 26



@ ITIN=RIS

ISTRUZIONE
RICERCA

4500 900
4000 800
3500 700

. 3000 600 E

£ 2500 so0 £

P_D I

— anm

= 2000 400 L

e [

1500 300 &

o
200
500 100

= =] =] o o o =] =] =] =] =] = = = = =
= = = = = = = = = = =2 =2 = = = =
m 8 8 8 ®m 8 8 8 8 8 8 8 & 8 8 8
g £ 2 8 g £ 49 # g £ o0 # 2 5 o3 8
T & = % R 8 & % A A M K K A K A
S O O O S S O N O (O <
¥ N o o % 8 N 8N I I 3 3 3 3 3 5
¢ ¢ ¢ = = o o —© & & & & & & & &
= I 5 5 9 9 9 9 9 9 9 9 @ 5 & oo
—_— —a Ba Bi tu

Figure 20. Peak concentrations of sulphur, aluminium, barium, and copper recorded during New Year's celebrations.
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Figure 21. Silicon, aluminium, and titanium concentrations during Saharan dust events.

On January 19-20, 2025, instead, elements such as silicon, aluminium, and titanium showed
correlated peaks (Figure 21), likely due to Saharan dust events. Saharan dust events have been
confirmed by the dust forecasting and monitoring system developed by AEMET and the Barcelona
Supercomputing Center (https://dust.aemet.es), which provides daily analyses and predictions of
atmospheric dust concentrations over Europe and surrounding regions. Figure 22 presents two plots
showing forecasts of Saharan dust transport towards southern Europe, with a particular impact on
the Salento region (Apulia), which occurred on January 19 and February 3, 2025. The peaks on
February 3 are less intense compared to the previous ones.
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Figure 22. Atmospheric dust concentration forecasts over the Mediterranean and North African area.
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CONCLUSIONS

The report shows how the new instruments for on-line measurement of aerosol composition, installed
and made operative at ECO station, can be used for aerosol source identification and apportionment
suggesting the potentiality of high temporal resolution in source apportionment. Future developments
will include the use of receptor models applied to longer dataset at high temporal resolution
combining the output of different instruments that could be the base for development of near-real-
time characterization of PM sources.
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