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Abstract

In this paper, a polar photometer (PP_UniMI) was set up to measure the aerosol absorption
coefficient (o4p) at four wavelengths (1) on 1-h resolved aerosol samples collected using a streaker
sampler. Due to the characteristics of such samples (small deposit area, low aerosol load, and
limited substrate thickness - 10um), the main technical developments aimed at reaching suitable
limits of detection (LODs). To this aim, multiple scattering between the sample and a suitable
substrate were exploited to amplify the system sensitivity to absorbing particle load. In the paper,
the development and test of this innovative approach is presented.

LODs for oy in the range 5.0-11.6 Mm™ were reached, depending on the wavelength. Such values
were suitable for the analysis of 1-hour resolved samples collected at an urban background site in
Milan (Italy) during a test campaign of 1-week carried out in winter 2015. The methodology was
validated comparing o, measurements performed by PP_UniMI at A=635nm on the streaker sample
to the data obtained by a Multi-Angle Absorption Photometer (MAAP) operated in parallel.
Agreement within 10% was found. To check the results obtained at other wavelengths, Angstrém
Absorption Exponent (AAE) was calculated from o5, measurements at 4-A. The AAE values
resulted in the range of expectations for aerosol emitted by fossil fuel combustion (0.8-1.2) and
wood burning (0.9-3.5), which are the main sources contributing to absorbing aerosol in urban areas

in winter.



The analytical methodology can be extended to samples collected with high time resolution using
other high-time resolution samplers (e.g. drum rotating impactors).

This is - as far as we know - the first time that c,, measurements are performed on streaker samples
collected with 1-h resolution. Our results thus set PP_UniMI as an important tool for the
community performing high time resolved sampling to widen the characterisation of such samples

and to further develop source apportionment studies.

Keywords: Aerosol optical absorption coefficient, multi-A absorption properties, high-time

resolution measurements, source apportionment

1. Introduction

Atmospheric aerosol influences the Earth radiation balance by aerosol-radiation and aerosol-cloud
interactions. Aerosol-radiation interactions are related to aerosol scattering and absorption
properties, which depend on aerosol size distribution, refractive index, and mixing state. Black
carbon (BC) is the main absorber of solar radiation among the aerosol components, influences cloud
processes, and alters the melting of snow and ice cover. On global scale, it is currently identified as
the third most important individual climate-warming component after CO, and CH,. Nevertheless,
90% uncertainty bounds for the radiative forcing related to BC-radiation interaction cover about one
order of magnitude (IPCC, 2013).

Such large uncertainties are related e.g. to difficulties still present in BC quantification (Petzold et
al., 2013) and in the evaluation of the effect of mixing state on BC absorption properties (Bond et
al., 2013). Indeed, internal mixing and/or coating with transparent or weakly absorbing material
(brown carbon, BrC) can strongly modify BC absorption properties (Lack and Cappa, 2013)
although the quantification of such effects is still under debate (Knox et al., 2009; Cappa et al.,
2012). BrC is another absorbing component in atmosphere. It is characterised by the increase of the
imaginary part of the refractive index (i.e. the physical quantity related to light absorption) at lower
wavelengths and further details on its properties are barely known. It is noteworthy that possible
effects related to BC and BrC mixing are currently neglected in the climate modelling approaches
(Wei etal., 2013).

As the mixing state affects aerosol absorption properties, it is important performing absorption
measurements with no sample pre-treatment. To this aim, different approaches are currently used in
the literature (Moosmiiller et al., 2009): a) on-line measurements of aerosol in air - e.g. photo-
acoustic instrumentation (Terhune and Anderson, 1977) or instrumentation based on incandescence

(Melton, 1984); b) on-line measurements of aerosol collected on a filter - based either on



transmittance measurements (Hansen et al., 1984) or on both transmitted and scattered light
(Petzold and Scholinner, 2004); c) off-line measurements of absorption properties - e.g. based on
polar photometry (Hénel, 1994).

On-line instrumentation working in air is free from possible interactions (e.g. multiple scattering)
between the aerosol and the collecting medium. Some drawbacks can however exist: e.g. the single-
particle soot photometer (SP2) (Stephens et al., 2003) - a widely used instrument based on
incandescence - allows to determine single particle size and absorption properties, but it currently
works only at one wavelength (A), thus no information on the A-dependence of aerosol absorption
properties can be retrieved. Multi-A photoacoustic instrumentation was implemented (Ajtai et al.,
2010) to perform the multi-A determination measurements of absorption optical properties.
However, it has to be considered that the heating provided during such measurements can lead to
volatilisation of semi-volatile compounds affecting the obtained results (Moosmuller et al., 2009).
As for filter measurements, multiple-scattering effects between the aerosol and the collecting
medium have always to be considered both for on-line and off-line instrumentation. Furthermore, a
possible influence of liquid-like or semi-volatile organics on the measurement of absorption
properties of aerosol collected on fibre filters was evidenced (Lack et al., 2008, Vecchi et al., 2014).
Among on-line filter-based instrumentation, the Multi-Angle Absorption Photometer (MAAP,
Petzold and Scholinner, 2004) - measures both transmitted and scattered light and accounts for
aerosol/filter multiple scatterings using a radiative transfer model. The major limitation of this
instrument is that it operates at a single A. On-line instrumentation based on transmittance
measurement only is generally multi-wavelength - e.g. 7-A Aethalometer (Arnott et al., 2005), 3-A
Particle Soot Absorption Photometer (PSAP) (Virkkula et al., 2005) - but requires correction
algorithms to account for the scattering properties of the aerosol and/or parallel measurements of
the scattering coefficient.

The advantage in performing off-line measurements through polar photometers is that non-
destructive absorption measurements can be carried out on aerosol samples collected during routine
monitoring campaigns without the need of co-located additional instrumentation. Indeed,
instruments like the PP_UniMI set up at the University of Milan (Vecchi et al., 2010; Vecchi et al.,
2014) and the Multi-Wavelength Absorbance Analyser - MWAA (Massabo et al., 2013) developed
at the University of Genoa were proved to provide information on the aerosol absorption coefficient
(oap) of samples collected on different sampling media. These measurements can be used for optical
source apportionment studies and can also allow retrospective studies on filters collected in the past

and correctly stored.



Beside routinely collected 24-h samples, high-time resolution sampling using streaker samplers
(Annegarn et al., 1988) or rotating drum impactors (Cahill et al., 1987) are performed all over the
world (e.g. in recent years: Hahnenberger & Perry, 2015; Moreno et al., 2013; Pokorna et al., 2016,
Trompetter et al., 2016). Such samplers provide size-segregated aerosol samples collected with high
temporal resolution on rotating thin foils. Aerosol deposits are usually characterised for elemental
concentration (Na-Pb) using different non-destructive techniques such as Particle-Induced X-Ray
emission (Annegarn, 1987; Cahill, 1996; Calzolai et al., 2015), Energy-Dispersive X-Ray
Fluorescence (Giannoni et al., 2015), Syncrotron Radiation X-Ray Fluorescence (Bukowiecki et al.,
2005) or for organic/biological components (Wang et al., 2014). High-time resolved source
apportionment studies have been performed typically using elemental composition (e.g. Barrera et
al., 2015; Li et al., 2013; Taiwo et al., 2014, Crilley et al., 2017) or adding organic carbon
speciation obtained using the Aerosol Mass Spectrometry (Richard et al., 2011) as parallel
information. Extinction measurements were performed on samples collected using the DRUM
(Davis Rotating drum Unit for Monitoring) impactor (Peré-Trepat et al., 2007) but at the best of our
knowledge, no instrument has been developed yet to measure o5, on such samples.

It is worthy to note that the knowledge of oy, at different wavelengths extends the possibility of
applying source apportionment approaches based on aerosol absorption properties, i.e.
Aethalometer model (Sandradewi et al., 2008) and MWAA model (Massabo et al., 2015) to
streaker/drum samples. Furthermore, the chemical characterisation of high time resolved samples
can be widened retrieving equivalent black carbon concentration (EBC) from o, using a suitable
Mass Absorption Coefficient (Petzold et al., 2013)). Indeed, EBC is a recognised tracer for traffic
exhaust contribution used in source apportionment studies based on chemical speciation.

In this work, PP_UniMI implementation was two-fold:

a) the set-up presented in Vecchi et al. (2014) was upgraded to provide 4-1 measurements of the
absorption coefficient of aerosol collected both on 47 mm diameter filters;

b) a set-up to analyse 1-h resolution streaker samples was implemented. It has to be taken into
account that the thinness (10um) of the streaker support required the development of an innovative
methodology to increase the sensitivity of the technique. The experimental methodology was
validated at A=635nm against MAAP measurements performed in parallel to the sampling by the
streaker. Angstrém absorption coefficient estimate was used as indication of the reliability of the
measurements obtained at other wavelengths. It is noteworthy that at the best of our knowledge no
other instrumentation performing absorption measurements on 1-h resolved samples from streaker
or DRUM impactors exists; thus our methodology provides new frontiers to the community using

such samplers.



2. Materials and Methods

2.1 Instrumentation and sampling campaign

2.1.1 The streaker sampler and the test campaign

The streaker sampler separates particles in two different size-fractions using a pre-impactor (which
removes particles with aerodynamic diameter dae > 10 um) and an impactor. The impactor is a
polypropylene foil 2.5 um < d,e<<10 pm on which coarse particles are deposited. The fine fraction
(dae < 2.5 pum) is then collected on a polycarbonate filter (0.4 um pore diameter, 10 um thickness).
The polypropylene foil and polycarbonate filter (streaker frames) are paired in a cartridge rotating at
1.8° h, corresponding to a 1.25 x 8 mm? hourly streak. One-week sampling (corresponding to 168
hourly streaks) is performed on the same pair of frames. Sampling is performed at a flow-rate of 1
I/min. Further details on the sampler, its cut-off diameters, and its control unit can be found
elsewhere (Prati et al., 1998).

A 1-week sampling campaign was performed in Milan (ltaly) at an urban background site in the
period 16-24 November 2015. Due to technical problems, sampling was not performed in the nights
of 19-20 and 20-21 November. A Foehn event occurred on the evening of Saturday 21 November
and lasted about 20 hours. The aerosol fine fraction collected with 1-hour temporal resolution on the
polycarbonate filter was used to test the methodology developed for the 65, measurement (section
3).

2.1.2 The polar photometer

In this section, an evolution of the PP_UniMI instrument described in Vecchi et al. (2014) is
presented.

For the analysis of 47-mm filters, 4 laser sources at 405nm (World Star Tech, 10mW), 532nm
(Thorlabs, CPS532, 4.5mW), 635nm (Thorlabs, CPS192, 4.5mW), and 780nm (Thorlabs, CPS196,
4.5mW) are mounted on a sliding motor. The chosen laser beam impinges directly on the sample
deposit. The area of the beam spot is in the range 5-10 mm?, allowing to account for possible local
non-homogeneities in the sample deposit. For the analysis of streaker samples, 4 dedicated laser
sources at 405nm (World Star Tech, 10mW), 532nm (Thorlabs, CPS532, 4.5mW), 635nm (World
Star Tech, 10mW), and 780nm (Thorlabs, CPS196, 4.5mW) are mounted at 90° in respect to the
sources for 47-mm filters and impinge on the sample after 90° deflection performed through
suitable removable mirrors in the system (405nm, 532 nm, 780 nm, see figure 1).

The laser intensity monitoring at the beginning and at the end of each measurement session is used

to normalise measurements to a reference value. This avoids influences from long term instabilities



evaluated in 1% at 635nm and 780nm, 4% at 405nm, and 9% at 532nm. Opposite, short-term (intra-
day) laser variability is better than 0.7% at all wavelengths except 532nm, for which it is about 3%
(this is included in the measurement uncertainties).

The radiation scattered by the sample is focused by a lens on an amplified photodetector (Thorlabs
PDA36A-EC, active area = 13 mm?); the focusing lens allows the accurate selection of the
scattering angle where the measurement is performed. The photodetector is mounted on a rotating
arm whose rotation centre coincides with the sample under analysis. It performs measurements of
the light intensity on the scattering plane, with about 0.4° resolution from 0° to 173°, allowing the
reconstruction (i.e. solid-angle integration) of the amount of light scattered in the two hemispheres.
A home-made LabView software controls: (1) the movement of the rotating arm operated by a
stepping motor; (2) the automated sample change (up to seven 47-mm filters or 168 streaks); (3)
data acquisition performed by a Data Acquisition System (National Instrument, USB 6221). The
reconstruction of the total amounts of light scattered in the forward and in the backward
hemispheres by the blank filter and by the sample+filter system (loaded filter) is performed by
PP_UniMI measurements through solid-angle integration. These quantities are used as inputs for
the radiative transfer model — based on two stream approximation (Coakley and Chylek, 1975) —
reported in Hanel (1987) and Hanel (1994) for membrane filters and extended by Petzold and
Schélinner (2004) for quartz fibre filters to obtain the aerosol absorption optical depth (ABS) of the
sample. The aerosol absorption coefficient (cap in Mm™) is then calculated from ABS considering

the area of the deposit (A) and the sampled volume (V) as: csap:ABse . The PP_UniMI limits of

detection for aerosol collected on 47-mm PTFE filters are reported in table 1. The uncertainties on
ABS were evaluated to be about £0.01 for ABS<0.1 and £10% for higher ABS values at all
wavelengths but 532 nm, for which they are higher due to short-term laser instability (0.013 for
ABS<0.1 and +13% for higher ABS values). They account for short-term laser variability, detector
noise, filter re-positioning, sample inhomogeneities and analysis repeatability.

The system was validated for measurements carried out at L = 635 nm on quartz fibre filters against
Multi-Angle Absorption Photometer (MAAP) measurements in Vecchi et al. (2014). In the same
work, it was also demonstrated that measurements on PTFE and quartz-fibre filters give equivalent

results, provided that organic sampling artefacts on quartz fibre filters are avoided.

2.1.3 Multi Angle Absorption Photometer (MAAP)

The Multi Angle Absorption Photometer (MAAP, mod. 5012 Thermo Scientific) simultaneously

measures the optical transmission and scattering of light by the aerosol collected on a glass-fibre

filter tape to determine EBC content. The MAAP (A =637 = 1 nm, Mller et al., 2011) reconstructs
6



the light distribution in the forward and backward hemispheres from measurements of light
transmitted and scattered at three fixed angles properly selected, using suitable analytical functions
(Petzold and Scholinner, 2004). The output of the instrument is the atmospheric equivalent black
carbon (EBC) concentration (in pg/m®) (Petzold et al., 2013), which is obtained from Gap
considering the deposit area and sampling air flow, and setting at 6.6 m?/g the EBC mass-specific
absorption coefficient (Petzold et al., 2002). Details on the instrument performance can be found in
Miiller et al. (2011).

The MAAP and PP_UniMI are based on the same measuring principle as both determine 65, from
information on the light distribution in the forward and backward hemispheres measured on a blank
and aerosol loaded filter and use the same radiative transfer scheme mentioned in par. 2.1.2.
Therefore, the MAAP was used to validate the 6, measurements carried out using PP_UniMI on
the aerosol collected with 1-h resolution using the streaker sampler.

Two biases may affect MAAP data: the first occurs at high EBC concentration as pointed out by
Hyvérinen et al. (2013); the second one is related to the possible impact on optical measurements of
sampling artefacts due to organics on fibre filters as reported in Vecchi et al. (2014). Therefore, in
this work MAAP data were corrected for both biases according to what reported in the previous

mentioned literature works.

2.1.4 Ancillary measurements

PM10 and PM2.5 samples were collected in parallel to the streaker sampling using low-volume
samplers (flowrate = 2.3 m*/h) on 47mm diameter PTFE filters (PallFlex RPJ047) during
November 2015.

2.2 PP_UniMI implementation for streaker sample measurements

The main scope of this work was implementing PP_UniMI to perform multi-A 55, measurements on
samples collected with 1-h temporal resolution using a streaker sampler. The main problems to be
faced in this kind of analysis are related to the limited width (1.25 mm) of a single streak and the
low aerosol load on the thin polycarbonate filter related to 1-h resolution. Thus, methodologies to

improve the sensitivity of PP_UniMI were developed to reach suitable limits of detection (LODs).

2.2.1. Step 1: beam collimation
The laser sources have different shape (circular or elliptical) and size (up to 4.5 mm major axis) of
the beam spot. To collimate the incident spot down to about 1 mm diameter limiting beam power

losses, pairs of lenses with suitable focal lengths were chosen using geometric optics calculations.



The objective was reducing the beam width of about a factor 4 in order to have a maximum size of
about 1 mm. The final choice was the use of two lenses of 10 cm and 2.5 cm focal lengths displaced
at 12.5 cm distance. In this way, a parallel beam of about 1 mm maximum size was obtained for all
sources. Moreover, a 1-mm diameter collimator was used to ensure the correct size of the spot on
the streaker support (see figure 2).

This approach allowed working with about 80% of the total laser power (please note that the use of
lenses leads to a light loss of about 10% for each lens due to reflection) reaching LODs for ABS of
about 0.06-0.15 depending on the wavelength. However, measurements on the streaker sample
showed that ABS was still below the LODs in 46-64% of the measured points/streaks (depending

on the wavelength) thus limiting the possibility of determining 64, 0N 1-h samples.

2.2.2 Step 2: Radiative transfer model response to multiple scattering enhancement.

An innovative methodology based on exploiting multiple scattering between the sample and the
collecting substrate was tested to improve the technique sensitivity to overcome the limitations
reported above. Amplification of multiple scattering effects between the aerosol and the collecting
medium was carried out leaning the aerosol sampled filter against a fibre filter (called SFF system
in the following) aiming at enhancing light absorption effects. This allowed a higher fraction of
light to be backscattered by the substrates, thus increasing the probability of interaction between the
light and the absorbing particles and enhancing the technique sensitivity (see conceptual scheme in
figure 3).

The response of the radiative transfer model to the variation of multiple scattering effects between
the sample and the substrate was tested using the samples collected on 47-mm PTFE filters
mentioned in par. 2.1.4. Indeed, these filters are 46um thick, they scatter in the back hemisphere a
fraction of light about 40% higher than polycarbonate filters and good LODs (table 1) can be
obtained by the analysis of the PTFE filter as-is, as already mentioned in par. 2.1.2. The 4-A
measurements using PP_UniMI were performed both on samples collected on the PTFE filter as-is
and with the SFF system. In both cases, the radiative transfer model cited in par 2.1.2 was applied to
determine ABS. It can be noticed in figure 4a that leaning the PTFE filter against a fibre filter
modifies the light distribution between the front and backward hemispheres, but this is not an issue
with PP_UniMI as it measures the phase function in the whole scattering plane. It is interesting to
note that very good correlation (R=0.99) was found between the two approaches as shown in figure
4b where the scatterplot of ABS measured at 4- is reported. Due to similarities of statistical
regression parameters at the different wavelengths, a unique Deming regression was performed on

the whole dataset, assuming comparable error variances for the data measured on the samples



collected on the PTFE filter as-is and for the SFF system. The slope (0.97) of the Deming
regression line is comparable to 1 with a confidence level of 0.5 and the intercept (1.18) is
comparable to 0 within a 0.4 confidence level, confirming the ability of the radiative transfer model
to account for multiple scattering effects between the sample and the substrate correctly,

independently on the substrate thickness.

3. Results and Discussion

3.1 Evaluation of the new methodology performance on the 1-h resolved sample.

Results reported in par. 2.2.2 show that the radiative transfer model applied to transmitted and
scattered light is able to retrieve ABS independently on the extent of multiple scattering effects.
Thus, measurements of optical absorption properties of the fine fraction collected by the streaker
sampler on the polycarbonate filter were carried out using the SFF system. A fibre filter was
suitably shaped and leaned against the polycarbonate filter to modify the light distribution in the
two hemispheres as described in par. 2.2.2 (see figure 5a). In order to check the performance of the
proposed methodology, in this work measurements were carried out both on the aerosol sample
deposited on the polycarbonate filter as-is and on the SFF system. The LODs for aerosol ABS
measured using the streaker SFF system were reduced at about 0.03-0.07 (comparable to those
obtained on PTFE filters corresponding to a minimum Gy, In the range 5-11.6 Mm'™ for streaker
samples), depending on the wavelength (see table 2).

When comparing the two approaches, it has to be noticed that the number of available data using
the SFF system was in the range 77-94% depending on A. It has to be recalled that the number of
available data when analysing the polycarbonate streaker frame as-is was between 46% and 64%
(depending on A). Thus, the reduction of LODs obtained with the new SFF system strongly
increases the number of valid data, being the crucial step to perform measurements on 1-h resolved
streaker samples. In figure 5b, the scatterplot of the points available with both methods is shown.
The correlation coefficient between the two measurement approaches was relatively low (in the
range 0.51-0.79 depending on the wavelength, being 0.75 for the whole dataset), probably due to

the reduced sensitivity of PP_UniMI in the analysis of the polycarbonate filter as-is.

3.2 Validation of the SFF system for streaker samples by comparison to MAAP

No certified material of aerosol absorption coefficient is currently available (Baumgardner et al.,
2013). Thus, the results obtained with the SFF system were validated against external
measurements, carried out using a MAAP operating in parallel to the streaker sampler. The MAAP

operates at 637 nm, thus the measurements carried out with PP_UniMI at 635 nm on the streaker



polycarbonate SFF system were used for the comparison. The o, measured by the MAAP and by
PP_UniMI on 1-h streaker samples using the SFF system were compared and the results are shown
in figure 6a. The agreement between the techniques is within 10%, the intercept of the regression
line is comparable to zero within uncertainties and the correlation coefficient between the
measurements is high (R=0.93). Comparing the o4, temporal trends measured by the two
instruments (figure 6b), it is noteworthy that the LODs reached using PP_UniMI on the streaker
SFF system allowed the measurement of 6, at the sampling site during the whole test campaign,
except for the Foehn event between 21™ November h.19.00 and 22" November h.15.00, when the
MAAP reported EBC concentration in the range 0.25-0.82 pg m™, corresponding to a 0ap=1.8-5.0
Mm™ at A = 635 nm.

3.3 Angstrém Absorption Coefficients

The o4, temporal trends measured at 4-As on 1-h streaker samples by PP_UniMI using the SFF
system are presented in figure 7 (lines).

No external multi-A instrumentation was available for PP_UniMI validation at wavelengths other
than 635 nm. Therefore, to check the reliability of our system at all available wavelengths the
Angstrém Absorption Exponent (o) was calculated for all samples and compared to values expected
for an urban aerosol. To this aim, assuming ox~A", a was determined for each sample from 4-A oy
measurements using non-linear least squares estimate. Interpolation was carried out only for
samples for which o4, Was available at all wavelengths (110 samples).

Literature a values depend on the aerosol emission source; indeed, o is reported to be in the range
0.8-1.2 (Gyawali et al., 2012; Ajtai et al., 2015; Zotter et al., 2016) for fossil fuel emissions and in
the range 0.9-3.5 for wood burning aerosol (Kirchstetter and Thatcher, 2012; Harrison et al., 2013;
and therein cited literature). Recently, Massabo et al. (2015) set a=1.8 for the wood burning aerosol
in Italy in a source apportionment study.

In our samples, a was found to be in the range 0.8-1.8 (figure 7, histogram), except few samples
(about 10%). Fossil fuel combustion and wood burning are the main sources expected to contribute
to absorbing aerosol in Milan during wintertime (Bernardoni et al., 2011; Bernardoni et al., 2013).
These results and the validation presented in the par. 3.2 show that the newly developed set-up for

the multi-A measurement of 6, 0n 1-h resolved streaker samples is reliable.

4. Conclusions
Off-line multi-A absorption measurements of aerosol collected on filter media allow: a) the

determination of optical absorption coefficient (c4p) of aerosol collected during monitoring/research
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campaign at different sites, with no need of additional instrumentation; b) source apportionment
studies; c) retrospective studies using properly stored filters. Furthermore, using a suitable mass
absorption coefficient, also EBC information can be provided from 3 .

This kind of measurements can be of particular interest for the analysis of high time resolved
samples (collected e.g. by streaker sampler or DRUM impactor), whose characterisation is
generally limited to elemental composition. Up to now, at the best of our knowledge, no
instrumentation aiming at the multi-wavelength determination of the aerosol absorption coefficient
on samples collected with high temporal resolution has been developed.

In this work, a laboratory instrument (PP_UniMI) was implemented to perform 4-A measurements
of the absorption coefficient of aerosol collected on 47 mm filters and on high-time resolved
samples collected using a streaker sampler.

Due to the peculiarity of the polycarbonate substrate used for PM2.5 collection in the streaker
sampler (thickness about 10um) and the low aerosol load related to 1-h sampling, an innovative
methodology based on the amplification of multiple scattering effects between the sample and the
collecting medium was developed to improve PP_UniMI sensitivity to allow sample analysis. The
methodology was applied during a test sampling campaign carried out in Milan urban area. It was
demonstrated that amplifying multiple scattering effects to enhance PP_UniMI sensitivity was the
key step allowing the measurement of &, in high time resolved samples. The methodology was
validated for A = 635 nm against independent measurements carried out using a MAAP.
Furthermore, the values obtained for the Angstrom Absorption Exponent in our samples was in the
range expected for aerosol emitted by fossil fuel combustion and wood burning, thus proving the
reliability of 65, measurements carried out by PP_UniMI at wavelengths other than 635 nm.

Our results thus set PP_UniMI as an important tool for the community using streaker or DRUM
samplers to widen the characterisation of such samples.

As perspectives, multi-A high-time resolved measurements can be important in source
apportionment studies. First of all, models (Aethalometer model (Sandradewi et al., 2008)) or
(MWAA model (Massabo et al., 2015)) based on o5, source apportionment can be applied.
Secondly, an evaluation of EBC from 64, measurements using a suitable mass-absorption
coefficient can provide a useful chemical tracer to be added to the elemental characterisation
usually carried out on 1-h resolved samples to perform receptor modelling based on the mass of
chemical components (e.g. Multilinear Engine), also in multi-time modelling applications (Zhou et
al., 2004, Crespi et al., 2016).
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Table 1: limits of detection (LOD) of PP_UniMI for the analysis of aerosol collected on 47-mm
filters. For o,,, 24h sampling @ 2.3m*/h was considered. EBC LOD was obtained from o,, LOD at
635 nm using MAC=6.6m?/g (Petzold et al., 2002)

405 nm 532 nm 635 nm 780 nm
LOD ABS 0.07 0.02 0.03 0.03
47-mm filter (PTFE) [ LOD o,, (Mm™) 1.5 0.4 0.6 0.6
LOD EBC (ug/m®) 0.1

Table 2: limits of detection (LOD) of PP_UniMI for aerosol collected with high time resolution

using the streaker sampler, analysed as-is and using the SFF system. EBC LOD was obtained from
04, LOD at 635 nm using MAC=6.6m?/g (Petzold et al., 2002)

405 nm 532 nm 635 nm 780 nm
LOD ABS 0.15 0.06 0.09 0.08
Streaker as-is LOD o, (Mm™) 25.0 10.0 15.0 13.3
LOD EBC (ug/m®) 2.3
LOD ABS 0.07 0.03 0.04 0.04
Streaker SFF system | LOD o, (Mm™) 11.7 5.0 6.7 6.7
LOD EBC (ug/m®) 1.0
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Figure captions

Figure 1: Scheme of PP_UniMI. The scattering plane in which photodiode acquisition occurs is the

horizontal plane.

Figure 2: Scheme of the optical elements used for beam collimation in streaker configuration. They

are added to the elements shown in fig.1 between each laser source and the mirror.

Figure 3: Conceptual scheme of the amplification of absorption by aerosol sample leaning a glass

fibre filter against the polycarbonate filter (polycarbonate SFF system)

Figure 4: a) Example of angular distribution of light intensity on the scattering plane for PTFE
filters as-is and leaned against a fibre filter (SFF system) taken at 635 nm; b) scatterplot of aerosol
absorption optical depth measured on PTFE filters as-is and on PTFE SFF system at the four
wavelengths. Due to the similarity in statistical parameters for different wavelengths, Deming

regression using a variation ratio of 1 was performed on the whole dataset.

Figure 5: a) Example of angular distribution of light intensity on the scattering plane for thin
polycarbonate filters as is and leaned against a fibre filter taken at 635 nm; b) scatterplot of aerosol
absorption optical depth (L00XxABS units are represented) measured on polycarbonate filters as-is

and on the polycarbonate SFF system at the four wavelengths.
Figure 6: a) Scatterplot of MAAP measurements vs. streaker measurements (635 nm) obtained on
the polycarbonate filter leaned against the fibre filter, b) o5, temporal trends measured by the

MAAP and on the streaker sample using the SFF system at 635nm.

Figure 7: temporal trends of 4-A o5, measured on the streaker sample using the SFF system (lines)

and Angstrém Absorption Exponent (histogram)
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Laser sources for 47-mm filters analysis
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FIGURE 6
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FIGURE 7
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Innovative methodology exploiting sample-substrate multiple scattering

Provides data for source apportionment applications
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