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Abstract

Atmospheric aerosol absorption is a key parameter for assessing aerosol effects on air
quality and climate, yet the comparability of absorption measurements obtained with
attenuation-based and offline filter-based techniques remains uncertain under real-world
conditions. This issue is particularly relevant in complex urban coastal environments, where
aerosols are influenced by traffic, shipping, industrial emissions, and marine air masses.
Here, we investigate this methodological comparability through a multi-wavelength field
intercomparison of the AE33 Aethalometer with two independent filter-based techniques,
the Multi-Wavelength Absorption Analyzer (MWAA) and the Broadband Light Analyzer of
Complex Aerosols (BLANCA), at the Multedo urban coastal site in Genoa, Italy. The three
techniques showed strong correlations across the ultraviolet, visible, and near-infrared
spectral regions (R? = 0.93-0.99), with the closest agreement observed between MWAA
and BLAnCA. AE33 reproduced the temporal variability in aerosol absorption well but
systematically reported higher absorption coefficients than the two offline techniques, with
differences of approximately 12-22% depending on wavelength. This systematic offset
indicates that the default AE33 multiple-scattering correction may not fully represent the
optical characteristics of the aerosol population sampled at this site. Absorption Angstrom
Exponent values derived independently from the three techniques remained close to unity,
consistently suggesting a substantial influence of primary combustion emissions during
the investigated campaign. Overall, the combined comparison of real-time and filter-based
multi-wavelength techniques provides field-based evidence of their relative consistency
and identifies a systematic AE33 bias that is relevant for improving the harmonization of
aerosol absorption measurements in urban coastal monitoring environments.

Keywords: PM, 5; carbonaceous aerosols; aerosol absorption; multi-wavelength measurements;
instrument intercomparison; urban-coastal environment

1. Introduction

Atmospheric aerosols consist of solid or liquid particles suspended in the atmosphere,
originating from a wide range of natural and anthropogenic sources [1]. Natural sources
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include dust, sea salt particles, volcanic emissions, and biogenic particles, whereas an-
thropogenic sources mainly include fossil fuel combustion, industrial activities, biomass
burning, and vehicular traffic [2]. Atmospheric aerosols play a significant role in climate
and air quality through their interactions with solar radiation, clouds, and atmospheric
chemical processes [3]. Aerosols directly affect the radiative balance of the atmosphere
by scattering and absorbing solar radiation, leading to either cooling or warming effects
depending on their physical and chemical properties [4]. Despite significant advances
in aerosol research, large uncertainties still affect estimates of aerosol radiative forcing in
current climate assessments, mostly due to the complex and variable nature of aerosol
optical properties [5].

Among atmospheric aerosols, particulate matter (PM) is of particular relevance be-
cause of its atmospheric lifetime, chemical reactivity, and impacts on climate and human
health [6,7]. PM; 5 is especially relevant because its small aerodynamic diameter allows it
to penetrate deeply into the respiratory system and to remain suspended long enough to
undergo transport and atmospheric processing. Due to its small size, PM; 5 can travel over
long distances and participate in various atmospheric processes. The optical properties of
PM; 5 mainly depend on particle size, shape, refractive index, and mixing state [8,9]. These
properties control how particles interact with light. In particular, the balance between light
scattering and absorption determines whether aerosols have a cooling or warming effect
on the atmosphere [10]. These effects are commonly described using parameters such as
the scattering coefficient, absorption coefficient, and single-scattering albedo (SSA) [11,12].

A reliable characterization of aerosol optical properties requires the combined use
of complementary measurement techniques, such as the CASS system (aethalometer
AE33/AE36 coupled with TCA08) [13,14]. However, these instruments are normally lim-
ited in their spectral range. In contrast, filter-based methods, such as the Multi-Wavelength
Absorption Analyzer and the Broadband Light Analyzer of Complex Aerosol, allow for
detailed spectral analysis of aerosol absorption over a wider wavelength range [15,16].
Therefore, combining these real-time and offline techniques offers a more complete and
consistent explanation of aerosol optical properties [17].

Despite the availability of these techniques, differences between measurement meth-
ods are still a challenge, especially at shorter wavelengths where filter loading effects
and light scattering artifacts can affect absorption measurements [17]. These uncertainties
can lead to variations between instruments and make data interpretation more difficult.
Therefore, systematic comparison of different optical instruments under real atmospheric
conditions is very important to improve measurement accuracy and to better understand
aerosol optical properties.

This study aims to characterize PM,5 and carbonaceous aerosols during the
January-March 2025 field campaign at the Multedo coastal urban site. It also compares
aerosol absorption coefficients measured by Aethalometer (AE33), Multi-Wavelength
Absorption Analyzer (MWAA), and Broadband Light Analyzer of Complex Aerosols
(BLANnCA) at ultraviolet, visible, and near-infrared wavelengths [18]. Another objective is
to evaluate the agreement and differences among these techniques, with particular attention
to the AE33 multiple-scattering correction factor (C-factor). Finally, this study discusses
how these results can help improve the harmonization of aerosol absorption measurements
in long-term monitoring networks.

2. Materials and Methods
2.1. Study Area

Ambient PM; 5 sampling was conducted at the ARPAL (Agenzia Regionale per la
Protezione dell’Ambiente Ligure) air-quality-monitoring station “Genova-Ronchi”, located
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in the Multedo district of Genoa, Liguria, northwestern Italy (44.4255° N, 8.8260° E; 20 m
above sea level). The station is part of the regional air-quality-monitoring network (RMQA)
and is representative of a coastal urban-industrial environment.

The monitoring site is situated near the Port of Genoa and the Porto Petroli area, one
of the largest petroleum storage and handling facilities in Italy. The surrounding area
includes several potential anthropogenic emission sources, including maritime activities,
road traffic, industrial operations, and residential emissions.

The proximity of the station to the Ligurian Sea further allows the influence of coastal
meteorological conditions and marine air masses on aerosol properties to be evaluated.
Previous measurements in the Genoa area showed that aerosol concentrations and com-
position are strongly affected by the interaction between local urban—industrial emissions,
marine aerosol inputs, and regional transport processes, including advection from the Po
Valley [19].

The field campaign was conducted from January to March 2025. During the cam-
paign, the PM; 5 samples were collected on quartz-fiber filters for subsequent gravimetric
and offline optical analyses. The location of the monitoring station and the sampling
infrastructure are shown in Figure 1.
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Figure 1. Location of the ARPAL air quality monitoring station (Genova—Ronchi) in Multedo, Genoa,
Liguria, Italy. Panel (A) shows the location of Liguria within Italy; Panel (B) identifies the Multedo
district within the metropolitan area of Genoa; Panel (C) presents the exact location of the monitoring
station (44.4255° N, 8.8260° E; 20 m a.s.l.); and Panel (D) shows a photograph of the monitoring
station and sampling instruments used during the field campaign.

2.2. Experimental Setup

Ambient aerosol sampling was conducted using three parallel measurement systems
installed at the ARPAL Genova—Ronchi monitoring station (Figure 1D). Each system was
equipped with an independent sharp-cut PM; 5 cyclone inlet to ensure consistent aerody-
namic size selection and to prevent interference among instruments.

The monitoring configuration consisted of: (i) a Carbonaceous Aerosol Sampling
System (CASS) combining an Aethalometer AE33 (Magee Scientific, Ljubljana, Slovenia)
and a Thermal Carbon Analyzer (TCA08) (Magee Scientific, Ljubljana, Slovenia) for con-
tinuous measurements of aerosol optical absorption and carbonaceous aerosol fractions,
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and (ii) filter-based PM, 5 sampler (Giano sequential sampler, Dado Lab, Milan, Italy), for
offline gravimetric and optical analysis.

The AE33 Aethalometer operated at a flow rate of 5 L min~!, while the TCA08 Thermal
Carbon Analyzer was operated at its standard flow rate of 1 m® h~! (16.7 L min—1).

The instrument measured aerosol attenuation at seven wavelengths (370, 470, 520,
590, 660, 880, and 950 nm). The corresponding default AE33 mass absorption cross-
sections (MAC) were 18.47, 14.54, 13.14, 11.58, 10.35, 7.77, and 7.19 m? g_l, respectively.
Filter-loading effects were compensated using the built-in dual-spot algorithm, and the
manufacturer-default multiple-scattering correction factor (Cy = 1.57), implemented in the
standard AE33 data-processing procedure, was used in this study [13]. The eBC concen-
tration at 880 nm, calculated using MAC = 7.77 m? g~ !, was used for the carbonaceous
aerosol analysis described in Section 3.2.

The OC concentrations reported in this study were derived from the continuous CASS
measurements. Total carbon (TC) was measured by the TCA08, whereas eBC was measured
concurrently by the AE33; OC was subsequently obtained from the difference between
TC and eBC. For the TCA08 thermal measurement, blank/background contributions are
handled within the instrument analytical procedure [14].

Daily PMj; 5 sampling was performed using the Giano sequential sampler. The stan-

1

dard sampling flow rate of 38.3 L min™" was split between two parallel sampling lines: a

quartz-fiber filter line and a Nucleopore filter line. Since the Nucleopore line was operated
at 10 L min~!, the effective flow rate through the quartz-fiber filter line was 28.3 L min~!.
This setup allowed for simultaneous particle collection on both filter types for subsequent
analyses. Quartz-fiber filters were used for the determination of PM; 5 mass concentration,
and aerosol optical properties through offline analyses, described in Section 2.5.

To ensure temporal consistency with the filter-based measurements, AE33 absorption
coefficients were averaged over the same 24 h sampling intervals used for quartz-filter
collection. For both measurement systems, the sampled air volumes were considered at
the actual operating conditions, without conversion to standard temperature and pressure
conditions. The AE33 and the filter sampler operated simultaneously within the same mon-
itoring cabin and were therefore exposed to the same temperature and relative-humidity
conditions. Consequently, no additional temperature or relative-humidity correction was
applied before the 24 h comparison.

All sampling flow rates were calibrated before deployment and periodically verified
throughout the campaign to ensure measurement accuracy and data quality. The use of
independent inlets for each instrument minimized sampling artifacts and maintained stable
operating conditions during the measurement period.

2.3. Real-Time Optical Measurements

For the optical intercomparison, AE33 absorption coefficients were reconstructed from
the wavelength-resolved eBC concentrations exported by the instrument according to:

babs,aE33(Co, A) = eBCarzz(A) x MACaE33(A)

where eBCxp33(A) is the equivalent black carbon concentration at wavelength A and
MACE33(A) is the corresponding wavelength-dependent mass absorption cross-section
reported in Section 2.2.

When eBC is expressed in ng m~2 and MAC in m? g1, the corresponding absorption
coefficient is:

bbs,aE33 IMM '] = eBCaRs3 [ng m ™3] x MACag33 [m? g~']/1000
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Since the exported eBC values were already obtained using the AE33 processing
described above, no additional multiple-scattering correction was applied during this
conversion [13].

2.4. Filter-Based Sampling and Gravimetric Analysis

PM; 5 samples were collected using a Giano sequential sampler (Dado Lab, Milan,
Italy) equipped with a PM; 5 size-selective inlet. Sampling was performed on 47 mm
quartz-fiber filters (Pall Tissuquartz™, 2500QAO-UP, Cytiva, Marlborough, MA, USA). The
sampler operated at a nominal flow rate of 38.3 L min~!, and each sample was collected
over a 24 h period. The total sampled air volume for each filter was obtained directly from
the sampler records.

Before and after sampling, filters were conditioned under controlled temperature and
relative humidity conditions (20 = 1 °C and 50 & 5% RH) and weighed using a microbalance
(Sartorius MC5, Sartorius AG, Gottingen, Germany). Gravimetric determination of PM; 5
mass concentration was performed following the European reference method for PM; 5
measurements [20,21]. The PM; 5 mass concentration was calculated as follows:

Mpost — Mpre
Crmys = %

where 1, and mp,st represent the filter masses before and after sampling, respectively, and
V is the total sampled air volume recorded by the sampler. The uncertainty of PM; 5 mass
concentration was estimated from filter weighing and sampled air volume uncertainties.

2.5. Offline Optical Analysis

Offline optical analyses were performed on the collected PM; 5 filter samples to in-
vestigate the light-absorption properties of carbonaceous aerosols. Aerosol absorption
coefficients were measured using the Multi-Wavelength Absorption Analyzer (MWAA)
(University of Genoa, Genoa, Italy), which determines aerosol absorption coefficients at
five wavelengths (375, 407, 532, 635, and 850 nm). The MWAA measurements were used
to derive optical parameters including black carbon concentration and the Absorption
Angstrom Exponent (AAE).

In addition, all 53 PM2.5 filter samples collected during the field campaign were
analyzed using the BLANCA (University of Genoa, Genoa, Italy). The instrument provides
continuous absorption spectra over a broad wavelength range (350-1100 nm), allowing for
a more detailed characterization of the spectral dependence of aerosol absorption.

The combined use of MWAA and BLAnCA provided complementary information on
the optical properties of PM; 5 and enabled a comprehensive assessment of aerosol light
absorption across both discrete and continuous wavelength ranges [15,22].

3. Results
3.1. PM; 5 Mass Concentrations

PM; 5 concentrations measured at the ARPAL monitoring station during the sampling
campaign are summarized in Table 1, while their temporal evolution is presented in
Figure 2. A total of 53 samples were collected between January and March 2025. PM; 5
concentrations ranged from 2.07 to 20.90 g m~3, with a campaign-average concentration
of 9.56 4+ 4.33 pg m > and a median value of 8.80 pg m 3. The coefficient of variation
(45.34%) indicates moderate temporal variability throughout the study period.
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Table 1. Descriptive statistics of PM; 5 concentrations (ug m—3) measured at the ARPAL Genova—-Ronchi
monitoring station during the sampling campaign.

Mean £ SD Median Minimum  Maximum 25th. 75th . Interquartile Coefﬁ.me-:nt
(ug m—3) (ug m—?) (ng m—?) (g m=3) Percentile Percentile Range of Variation
(Q1) (Q3) (IQR) (CV, %)
9.56 +4.33 8.80 2.07 20.90 6.26 12.55 6.29 45.34

PM:z.s concentration (ug m—3)

Temporal variation of PM2.s concentration during the Multedo campaign
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Figure 2. Time series of PM, 5 concentrations measured at the Multedo monitoring station (Genoa,
Italy) during the January—March 2025 sampling campaign. Horizontal dashed lines represent the
WHO 24 h guideline value (15 g m~3) and the revised EU target value (10 ug m~3).

As shown in Figure 2, PM; 5 concentrations showed clear day-to-day fluctuations,
with most values remaining below the WHO 24 h guideline value of 15 pug m~3 [23].
However, several episodes exceeded this threshold, particularly during late February and
early March, possibly associated with enhanced local emissions and/or less favorable
atmospheric dispersion conditions.

The average PM; 5 concentration during the study period was 9.56 £+ 4.33 ug m3.
This value remained below the current WHO 24 h guideline for most sampling days. The
revised European Union annual limit value of 10 pg m~2 is reported here only as a con-
textual reference and is not intended for direct comparison with the campaign-average
concentration. [24]. The observed variability may reflect changes in local anthropogenic
emissions and atmospheric dispersion conditions. Given the coastal location of the monitor-
ing site, marine airflow from the Ligurian Sea may also contribute to pollutant dispersion
and dilution.

The measured PM; 5 levels are comparable to those reported in previous studies
conducted in the Genoa metropolitan area, where traffic and industrial activities were
identified as major contributors to fine particulate matter concentrations [25,26]. Overall,
the results indicate moderate PMj 5 levels during the January—March 2025 campaign at the
Multedo site, providing an important context for interpreting the optical and carbonaceous
aerosol properties discussed in the following sections.
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3.2. Carbonaceous Aerosol Variability

The temporal variability in carbonaceous aerosols at the ARPAL Genova—Ronchi
monitoring station was investigated using organic carbon (OC) and equivalent black carbon
(eBC) concentrations obtained from the CASS/TCAO08 system. The eBC concentrations
were derived from optical attenuation measurements using a mass absorption cross-section
(MAC) of 7.77 m? g~! at 880 nm. Summary statistics are reported in Table 2, while the
corresponding weekday and diurnal profiles are shown in Figures 3 and 4.

Table 2. Descriptive statistics of campaign-average OC, eBC and eBC/OC values.

Profile Parameter Mean + SD Median Min Max CV (%)
Weekday campaign-average values ocC 1220 £ 191 1238 1019 1549 16
Weekday campaign-average values eBC 2136 £ 420 2314 1447 2606 20
Weekday campaign-average values eBC/0OC 1.74 £ 0.16 1.79 1.42 1.90 9
Diurnal campaign-average values ocC 1205 £ 160 1176 976 1576 13
Diurnal campaign-average values eBC 2110 + 802 2078 897 3831 38
Diurnal campaign-average values eBC/0OC 1.77 £ 0.72 1.71 0.78 3.34 40
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Figure 3. Weekday-average OC and eBC concentrations measured at the Multedo site. Error bars
represent 1 standard deviation calculated from hourly measurements for each weekday.

Throughout the campaign, eBC concentrations were consistently higher than OC con-
centrations in the average weekday and diurnal profiles, as Table 2 illustrates. The average
concentrations for the week were 2136 4 420 ng m 3 for eBC and 1220 + 191 ng m 3 for
OC; the equivalent values during the day were 2110 + 802 ng m 3 and 1205 + 160 ng m 3,
respectively. For the weekday dataset and the diurnal dataset, the resulting eBC/OC ratios
were 1.74 + 0.16 and 1.77 £ 0.72, respectively.

The predominance of eBC over OC suggests an important contribution from fresh
combustion emissions to the carbonaceous aerosol measured at the Multedo site. Elevated
BC-to-OC ratios have been associated with combustion-related emissions, including traf-
fic and shipping activities [27,28], while controlled combustion experiments have shown
source-dependent differences in MAC values and light-absorption properties [29]. Con-
sidering the characteristics of the study area, road traffic, port activities, and emissions
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associated with the nearby Porto Petroli area represent plausible contributors to the ob-
served carbonaceous aerosol. However, the available measurements do not allow the
individual contributions of these sources to be quantitatively resolved.

7000
6000
= 5000
4000

3000

Concentration (ng m™

2000

1000 '~

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
Hour of day

~&—0C mean =—®—eBC mean

Figure 4. Diurnal-average OC and eBC concentrations measured at the Multedo site. Error bars
represent 1 standard deviation calculated from hourly measurements for each hour of the day.

The weekday profiles (Figure 3) showed lower values during the weekend, particu-
larly on Sunday, and higher concentrations during working days. This temporal pattern
is consistent with changes in anthropogenic activity, although the contribution of individ-
ual emission sources cannot be resolved from the available dataset. The diurnal profiles
(Figure 4) also showed a pronounced morning eBC peak (3831 ng m~3 at 07:00 h), which
may reflect the combined influence of enhanced morning combustion emissions and re-
duced atmospheric mixing. OC, in contrast, showed more moderate diurnal variability,
indicating a more stable background contribution [30,31].

Although AAE values close to unity are generally consistent with fossil-fuel combus-
tion, AAE alone cannot uniquely distinguish among specific combustion sources such as
road traffic, diesel exhaust, shipping emissions, or other fossil-fuel-related activities. There-
fore, the source interpretation presented in this study is based on the combined evaluation
of the AAE, the eBC/OC ratio, and the characteristics of the sampling site, and should be
regarded as a qualitative interpretation rather than definitive source apportionment. Ad-
ditional chemical tracers, receptor modelling, or complementary meteorological analyses
would be required for a more detailed discrimination of individual emission sources.

Overall, the elevated eBC concentrations, high eBC/OC ratios, clear weekday-weekend
differences and pronounced morning peaks indicate that, during the investigated campaign,
carbonaceous aerosol at the Multedo site was strongly influenced by fresh combustion
emissions. However, the source interpretation presented here is qualitative and is based
on the available optical and carbonaceous aerosol measurements together with the charac-
teristics of the sampling site. Inorganic ion composition, source-specific chemical tracers,
detailed wind-direction analyses, and backward-trajectory calculations were not available
for the present study. Therefore, the individual contributions of traffic, shipping, industrial
activities, marine aerosol, and regional transport cannot be quantitatively resolved from
the present dataset.
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3.3. Intercomparison of Absorption Measurements (AE33, MWAA, and BLAnCA)
3.3.1. Instrument Consistency Across the Spectral Range

BLANCA exhibited a high degree of consistency across the UV, visible, and near-
infrared spectral regions. The strongest agreement was consistently observed between
MWAA and BLANCA, with coefficients of determination (R?) ranging from 0.98 to 0.99
(Figures 5-7). The regression slopes remained close to unity (0.91-1.03), while the mean
bias never exceeded 0.5 Mm~!, confirming the excellent consistency between the two inde-
pendent filter-based methodologies.

MWAA and BLANnCA demonstrated (Figure 5) remarkable mutual agreement
(R? = 0.99) at UV wavelengths, and both instruments maintained a significant correlation
with AE33 (R? = 0.96-0.97). Similar performance was shown at visible wavelengths, where
both methods maintained good correlations with AE33 (R? ~ 0.95) and the agreement
between MWAA and BLANCA remained remarkably high (R? = 0.98).
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Figure 5. Absorption coefficients at UV measured by AE33, MWAA, and BLAnCA. Dashed lines
represent linear regression fits and dotted lines indicate the 1:1 reference.
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Figure 7. Linear regression and Pairwise scatterplots analyses for near-infrared absorption coefficients.
Dotted lines represent 1:1 relationships; dashed lines represent fitted regressions.

The near-infrared spectrum showed the same pattern. While AE33 maintained a
strong correlation with both offline methods despite a systematic positive offset, MWAA
and BLANCA once more showed near-perfect agreement (R? = 0.98).

Throughout the measured spectral range, AE33 consistently reported larger absorption
coefficients than both MWAA and BLAnCA, despite the fact that all three instruments
reproduced the temporal variability consistently. In the UV, visible, and near-infrared areas,
the average absorption coefficients determined by AE33 were 21.52, 15.83, and 9.61 Mm ™!,
while the corresponding MWAA values were 19.22, 13.02, and 7.95 Mm~!. BLAnCA
produced similar results. These variations show that AE33 absorption coefficients were
around 12% higher in the UV region and 17-22% higher in the visible and near-infrared
regions than those obtained by the offline approaches.

Because AE33 and MWAA operate at slightly different nominal wavelengths, the
spectral-region comparisons involve nearby rather than identical wavelengths (370 vs.
375 nm, 520 vs. 532 nm, and 880 vs. 850 nm). The potential effect of these wavelength
differences was evaluated using the power-law dependence of aerosol absorption. Using the
campaign-average MWAA AAE of 1.10, the expected differences are approximately 1.5%,
2.6%, and 3.7% for the UV, visible, and NIR wavelength pairs, respectively. These differences
are small compared with the 12-22% AE33 excess observed in the intercomparison and
therefore do not affect the main conclusions, although they represent an additional source
of uncertainty.

Although the AE33 provides measurements at much higher temporal resolution,
the comparison was intentionally performed using 24 h AE33 averages matched to the
corresponding filter-sampling periods. Short-term concentration peaks are therefore not
resolved in this intercomparison, but they contribute to both the AE33 24 h average and
the aerosol accumulated on the corresponding filter. Thus, temporal averaging minimizes
differences specifically associated with the different time resolution of the techniques,
although other instrument-specific effects may still contribute to the observed 12-22%
offset. An hourly intercomparison could not be carried out because MWAA and BLAnCA
provide only one integrated measurement for each 24 h filter sample.

To complement the correlation analysis, additional statistical agreement metrics were
calculated for the three representative spectral regions (UV, Visible, and Near-Infrared).
In addition to the coefficient of determination (R?), the Root Mean Square Error (RMSE)
and Mean Absolute Error (MAE) were evaluated for each instrument pair. As summa-
rized in Table 3, the lowest RMSE and MAE values were consistently observed for the
MWAA-BLANCA comparison, confirming the agreement between the two filter-based
techniques. In contrast, comparisons involving AE33 exhibited larger errors, reflecting
the systematically positive bias of the attenuation-based measurements relative to the
filter-based methods, while still maintaining overall correlation.
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Table 3. Additional statistical metrics (RMSE and MAE) describing the agreement between AE33,
MWAA, and BLANCA for the three representative spectral regions used in this study.

Spectral Region Instrument Pair Wavelength Pair (nm) RMSE (Mm~—1) MAE (Mm~1)
AE33-MWAA 370/375 3.40 2.68
uv AE33-BLAnCA 370/375 3.31 2.59
MWAA-BLANnCA 375/375 0.92 0.75
AE33-MWAA 520/532 3.21 2.82
Visible AE33-BLAnCA 520/530 2.81 2.35
MWAA-BLANnCA 532/530 0.75 0.61
AE33-MWAA 880/850 1.98 1.66
Near-Infrared AE33-BLAnCA 880/850 1.75 1.35
MWAA-BLANnCA 850/850 0.49 0.40

3.3.2. Implications for the AE33 Multiple-Scattering Correction

To quantify the systematic difference between AE33 and MWAA, a wavelength-
dependent harmonization parameter (H) was estimated using MWAA as the reference
technique. H was defined as follows:

H(A) = Cp X baps,aE33(Co, A)/babs Mwaa (M)

where bypg ap33(Co, A) is the AE33 absorption coefficient obtained using the processing
described in Sections 2.2 and 2.3 and b,ps mwaa (A) is the corresponding MWAA absorption
coefficient. Thus, H is not the simple AE33/MWAA ratio, but a harmonization parameter
referenced to the default AE33 multiple-scattering correction (Cy) [32].

A likely source of the observed discrepancies is the attenuation-to-absorption con-
version applied in the AE33 data processing. Since the Aethalometer derives absorption
coefficients from filter attenuation measurements, the retrieved absorption depends on the
selected multiple-scattering correction factor (C). Consequently, an underestimated C value
can lead to an overestimation of aerosol absorption. The resulting (H) values were 1.76, 1.91,
and 1.90 for the UV, visible, and near-infrared regions, respectively (Table 4). All derived H
values were higher than the default (Cy = 1.57). Since the attenuation-to-absorption conver-
sion is inversely related to the multiple-scattering correction parameter, this indicates that
a stronger correction would reduce the AE33-derived absorption coefficients, consistent
with their systematic positive bias relative to MWAA and BLAnCA.

Table 4. Comparison of campaign-average aerosol absorption coefficients, relative AE33 excess,

and wavelength-dependent harmonization parameter (H), calculated as H(A) = Cy X bypg ar33(Co,

A)/Babs mwaa (A)-
Spectral Region  AE33 (Mm~—1) MWAA (Mm~1) BLAanA AE33 Excess (%) H Harmonization
(Mm~1) Parameter
Uuv 21.52 19.22 19.06 12-13 1.76
Visible 15.83 13.02 13.51 17-22 1.91
NIR 9.61 7.95 8.29 16-21 1.90

For AE33 absorption coefficients already obtained using Cy, the equivalent multiplica-
tive harmonization factor is:
faey = Co/HA)
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yielding approximately 0.89, 0.82, and 0.83 in the UV, visible, and near-infrared regions,
respectively.

Despite this systematic offset, AE33 reproduced the temporal variability measured by
MWAA and BLANnCA well, as indicated by the high (R?) values across the spectral regions
investigated. These results suggest that the default multiple-scattering correction may not
fully account for the optical characteristics of the aerosol sampled at the Multedo site [32].

3.4. Spectral Dependence of Aerosol Absorption and Absorption Angstrom Exponent (AAE)

The wavelength dependence of aerosol absorption was investigated using multi-
wavelength measurements obtained from AE33, MWAA, and BLANnCA. For each tech-
nique, the spectral absorption coefficient was fitted using a power-law relationship, and
the resulting Absorption Angstrom Exponent (AAE) was used to characterize the dom-
inant absorbing aerosol components. AAE is widely used as an indicator to distinguish
black-carbon-dominated aerosols from particles exhibiting enhanced short-wavelength
absorption, such as brown carbon and biomass-burning aerosols [33,34].

The mean absorption spectra derived from AE33, BLANCA, and MWAA are presented
in Figure 8a—c, respectively. All three instruments exhibited a consistent decrease in ab-
sorption with increasing wavelength and excellent power-law fit quality (mean R? > 0.997).
Campaign-average AAE values were 0.96 £ 0.07, 1.03 £ 0.05, and 1.10 = 0.05 for AE33,
BLANCA, and MWAA, respectively. Despite the different measurement principles and
spectral ranges employed by the three techniques, the resulting AAE values remained
remarkably consistent and close to unity.

© .~ — ‘ (a)

\ @ Mean AE33 absorption
22 A ‘ == Power-law fit (AAE = 0.95, R? = 0.997)

20 N,
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\
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Figure 8. Mean aerosol absorption spectra and power-law fits derived from (a) AE33, (b) BLAnCA,
and (c) MWAA measurements. The fitted AAE and R? values are reported in each panel.

The corresponding AAE statistics are summarized in Table 5. The comparison of
instrument-derived AAE values demonstrates strong agreement among the three tech-
niques, with campaign-average values ranging from 0.96 to 1.10. Such values are char-
acteristic of aerosol populations dominated by fossil-fuel combustion and black carbon,
whereas substantially higher AAE values (>1.3-1.5) are commonly associated with biomass-
burning emissions and brown carbon absorption. The absence of elevated AAE values,
together with the monotonic spectral behaviour observed in all instruments, indicates that
wavelength-dependent absorption by brown carbon was limited during the campaign.
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Table 5. Summary statistics of AAE derived from AE33, MWAA and BLAnCA.

Instrument Sﬁ:;gzl Mean = SD Median Minimum Maximum CV (%) Fit R Mean + SD
AE33 370-880 nm  0.96 £ 0.07 0.95 0.82 1.14 6.84 0.997 £ 0.001
MWAA 375-850 nm  1.10 + 0.05 1.09 1.00 1.27 4.46 0.997 + 0.002
BLAnCA  370-850nm  1.03 + 0.05 1.02 0.93 1.21 5.09 0.998 £ 0.001

The distribution of AAE values obtained from the three techniques is compared
in Figure 9. The boxplot illustrates the narrow spread of AAE values and the strong
consistency among the instruments. Although MWAA vyielded slightly higher AAE values
than AE33 and BLANnCA, the observed differences remained small compared with the
overall variability in the dataset.

o] -== AAE =1

1.2 1

1.1 A

AAE
-
>

R T i — R S —

0.9 1

0.8 v T T
AE33 MWAA BLANCA

Figure 9. Boxplot comparison of AAE values derived from AE33, MWAA and BLANCA. The dashed
line represents AAE = 1.

Further insight into the consistency among the techniques is provided by the pairwise
AAE comparisons shown in Figure 10. Moderate-to-strong correlations were observed
among all instrument pairs, with the strongest agreement obtained between MWAA and
BLANCA (R? = 0.67). This behaviour is expected given the methodological similarity of the
two offline optical techniques.
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Figure 10. Pairwise correlation plots among AE33, MWAA and BLAnCA derived AAE values. Dotted
lines represent 1:1 relationships; dashed lines represent fitted regressions.
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The pairwise agreement for AAE (R? = 0.53-0.67) was weaker than that observed for
the individual absorption coefficients (R? = 0.93-0.99). This difference is expected because
AAE is a derived spectral parameter obtained from the relative variation in absorption
across multiple wavelengths. Therefore, small wavelength-specific measurement differ-
ences can propagate and become amplified in the fitted spectral slope, particularly when
the absorption spectrum is relatively flat and the AAE values vary over a narrow range.
Thus, the lower AAE correlations reflect the greater sensitivity of the spectral parameter
derived to inter-instrument differences and measurement uncertainty rather than a lack of
agreement in the underlying absorption measurements.

Opverall, the convergence of AAE values derived from three independent measurement
approaches provides strong evidence that aerosol absorption during the investigated
campaign was dominated by black-carbon-containing combustion particles, with only a
minor contribution from strongly wavelength-dependent brown carbon.

4. Conclusions

A comprehensive field campaign was conducted at the Multedo site (Genoa, Italy) to
investigate PM, 5 concentrations and the optical properties of carbonaceous aerosols using
a combination of real-time (AE33) and filter-based (MWAA and BLANCA) optical tech-
niques. The average PM, 5 concentration during the study period was 9.56 & 4.33 pg m 3,
with most measurements remaining below the WHO daily guideline value. Temporal
variations reflected the influence of local anthropogenic emissions and the meteorological
conditions encountered during the January—March 2025 campaign. Carbonaceous aerosol
measurements revealed consistently higher eBC than OC concentrations, resulting in aver-
age eBC/OC ratios of approximately 1.7. Together with the weekday-weekend differences
and the morning eBC peak, these results are consistent with an important contribution
from fresh combustion emissions during the campaign. Road traffic, port-related activities,
and the nearby Porto Petroli area represent plausible local contributors; however, their
individual contributions cannot be resolved from the available dataset.

The intercomparison of aerosol absorption coefficients demonstrated excellent con-
sistency among the three optical techniques. MWAA and BLAnCA showed near-perfect
agreement across the UV, visible, and near-infrared spectral regions (R2 =0.98-0.99), con-
firming the robustness of the two independent filter-based methodologies. Depending
on wavelength, AE33 absorption coefficients exceeded MWAA and BLAnCA values by
approximately 12-22%, with corresponding harmonization parameters (H) ranging from
1.76 to 1.91. The fact that these values were higher than the default Cy = 1.57 suggests that
the standard multiple-scattering correction may not fully represent the optical characteris-
tics of the aerosol sampled at the Multedo site.

The spectral dependence of aerosol absorption was characterized through the Ab-
sorption Angstrém Exponent (AAE). Mean AAE values of 0.96 4 0.07, 1.10 + 0.05, and
1.03 £ 0.05 were obtained from AE33, MWAA, and BLANCA, respectively. The close agree-
ment among the three techniques and the consistently low AAE values indicate that, during
the campaign, aerosol absorption was dominated by black-carbon-containing combustion
particles, with only a limited contribution from strongly wavelength-dependent brown
carbon. The present dataset covers only the January-March 2025 period and therefore does
not capture the full seasonal variability in aerosol composition and optical properties at
the Multedo site. Accordingly, the results should be interpreted as representative of the
conditions encountered during this campaign rather than as an annual characterization of
the site. Longer-term measurements covering different seasons would be required to assess
the seasonal representativeness of these findings.
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Overall, the results demonstrate the value of combining real-time and offline optical
techniques for aerosol characterization. The excellent agreement between MWAA and
BLANCA, together with the systematic positive bias observed for AE33, highlights the
importance of continued harmonization efforts and further evaluation of wavelength-
dependent correction procedures for attenuation-based absorption measurements. These
findings contribute to improving the comparability of aerosol absorption measurements
and provide new insight into the optical properties of carbonaceous aerosols in urban
coastal environments.
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