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Abstract: In this paper, a new way to apportion the absorption coefficient (babs) of carbonaceous
atmospheric aerosols starting from a multi-wavelength optical analysis is shown. This methodology
can disentangle and quantify the contribution to total absorption of equivalent black carbon (EBC)
emitted by wood burning (EBCWB) and fossil fuel (EBCFF) as well as brown carbon (BrC) due to
incomplete combustion. The method uses the information gathered at five different wavelengths in a
renewed and upgraded version of the approach usually referred to as Aethalometer model. Moreover,
we present the results of an apportionment study of carbonaceous aerosol sources performed in a
rural area and in a coastal city, both located in the North-West of Italy. Results obtained by the
proposed approach are validated against independent measurements of levoglucosan and radiocarbon.
At the rural site the EBCWB and EBCFF relative contributions are about 40% and 60% in winter and
15% and 85% in summer, respectively. At the coastal urban site, EBCWB and EBCFF are about 15%
and 85% during fall. The OC contribution to the wood burning source at the rural site results
approximately 50% in winter and 10% in summer and about 15% at the coastal urban site in fall. The
new methodology also provides a direct measurement of the absorption Angstrém exponent of BrC
(alphaBrC) which resulted alphaBrC = 3.95 + 0.20.



Highlights (for review)

Research highlights

e Aerosol light absorption at several As due to Black and Brown Carbon is measured

e The value of Angstrém exponent of Brown Carbon is directly extracted by raw data
e The new apportionment procedure disentangles fossil and wood burning contributions
e Equivalent Black Carbon and Organic Carbon are separately apportioned

e The procedure is validated against independent Levoglucosan and **C determination
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I ntroduction
Carbonaceous aerosols play an important role in environmental likguas quality, human
health and global climate change. Although the classificationadbonaceous aerosol
components is still under debate (Pdschl, 2003), total carbon (Tg&nirally divided in
black carbon (BC), organic carbon (OC) and carbonate carbon (CC)
Amongst atmospheric aerosols, BC is considered the most effigitiabsorber in the
visible spectrum (Bond et al., 2013; and reference thereith) aviweak dependence on
wavelenght X) (Moosmdller et al., 2009). Another light-absorbing component of
carbonaceous aerosols is the so-called brown carbon (BrC) (Anfir&eencsér, 2006;
Pdschl, 2003), the fraction of organic carbon with increased absorbarnbe blue and
ultraviolet (UV) region of the solar spectrum (Moosmiiller et2011). Carbonaceous light-
absorbing particles are typically emitted by incomplete combustionssil fuels related to
traffic, industrial processes and domestic heating as wéy diomass burning.
It is worthy to note that beyond carbonaceous aerosols, also othasl asmmgonents show
strong light-absorbing properties like iron oxides in mineral dust pastiilinke et al.,
2006).
The spectral dependence of the aerosol absorption coefficightiglgenerally described by

AME where the AAE is the Angstrém absorption

the power-law relationship i) O
exponent (Moosmdiller et al., 2011). In literature works AAE has bhewn to be sensitive
to aerosol chemical composition but also to particle size and morph(@.g. Kirchstetter et
al., 2004; Lewis et al. 2008; Utry et al., 2014). In a large nurobearases, it has been
exploited as a chemically selective parameter useful to ifigettie aerosol origin and
apportion sources for different carbonaceous aerosols (Sandraddwi2€08; Ajtai et al.,
2010; Favez et al.,, 2010; Flowers et al., 2010; Filep et al. 201$; et al., 2013);
nevertheless, Utry et al. (2014) claim that the assessshaetosol microphysical properties
is heeded to retrieve more accurate results on the aerosgbtts properties. AAE values
around 1 have been reported for BC and up to 9.5 for BrC &adangridge, 2013).

An advantage of the AAE determination in aerosol samples by-mtdtthniques is the
possibility of performing on-line source apportionment studies as doneahy authors in
recent years to evaluate woodsmoke and traffic contributions adoptingoticalled
Aethalometer model (Sandradewi et al., 2008; Favez et al.,, 2018) avoiding time

consuming laboratory analyses.



68 At the state of the art the measurement of light absorptioil ishstllenging (Andreae, 2001;
69 Moosmiuller et al.,, 2011), notwithstanding filter-based on-linehriepies (e.g. the
70 Aethalometer; the Particle Soot Absorption Photometer; the i MAngle Absorption
71 Photometer, among others) are widespread but — with the exception AétttEdometer —
72 multi-A analysis is generally not implemented. There are some impaitawbacks to be
73 addressed in order to get reliable values from these filerebanstruments as it is well
74 known that they are affected by measurement and sampling artiéagtse{fects due to
75 multiple scatterings, to particle shadowing due to filter logdabsorption of organics; Bond
76 etal., 1999; Collaud Coen et al., 2010; Vecchi et al., 2014; aotbegs). Although not very
77  widespread yet, photacoustic spectroscopy operated atifubiwis et al., 2008; Ajtai et al.,
78 2010; Flowers et al., 2010) is currently the only method capable tooonerthe above
79  mentioned drawbacks in absorption measurements.

80 At the University of Genoa a Multi-Wavelength Absorbance Araly@MWAA) has been
81 recently developed (Massabo et al., 2013) basing on the gindigdti Angle Absorption
82 Photometer concept (MAAP, Petzold & Schonlinner, 2004; Petzold.,eR@05). Such
83 instrumentation measures both transmitted and scattered liglteiriotward and back
84 hemispheres thus reducing the cross-sensitivity to aerosol sgattennponents and filter
85 loading effects (Muller et al., 2011). This approach does not needaipogiata corrections
86 necessary when attenuation measurements only are perforgedC¢daud Coen et al.,
87 2010): such corrections are typically composition dependent and preatitime accurate
88 source apportionment.

89 In this work, we present a new apportionment methodology together with ganabilata
90 reduction approach developed using an up-graded version of the MWAA seriatdergl,s
91 data at different wavelengths. From the direct apportionment ofaB& BrC spectral
92 absorption properties, the contributions of fossil fuels (FF) and woodnigu(WB) to the

93 carbonaceous aerosols concentration can be disentangled.

94
95 1.The Multi-Wavelength Absorbance Analyzer (MWAA)
96 Set-up

97 A detailed description of the original MWAA set-up is given in & et al. (2013) and in
98 the following only major changes and upgrades will be reported.

99 The MWAA is basically composed by light emitting sources, an auitpeth sample-
100 changer, and 4 low-noise UV-enhanced photodiodes. In the original configuttatee low-

101 power laser diodes\(= 407, 635, 850nm) were displaced on a slide and manually aligned
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thanks to mechanical benchmarks. In the new configuration, two dés@es withA =
375nm and 532nm (World Star Tech) have been added. A motorized stdggehasided to
interchange the laser sources thus improving the system gtatitit reproducibility and
facilitating the analysis of many samples.

The 5 bapsmeasurements are exploited in the model proposed in this papéig¢ee more
accurate results (see 83). In particular, measurement atdy®length is useful because the
absorption properties of atmospheric aerosols af.thie generally poorly known and brown
carbon is expected to strongly absorb in this range (Andreae & Geale2@86; Kirchstetter
& Thatcher, 2012).

In the final configuration, the MWAA can perform 5-wavelength anslysf 16
filters/samples per session in less than 90 minutes measeaity filter in 64 different

points, each ~ 1 mhwide.

Calculation of the aerosol absorption coefficient

To derive the hsat each measured the MWAA patrtially follows the approach reported by
Petzold & Schoénlinner (2004) and implemented in the MAAP. From theuresaent of the
light transmitted and scattered at fixed angles, the ligbtlar distributions in the forward
and in the back hemispheres are retrieved using analytical functiomse the light
distribution is obtained in both hemispheres (for details on theA\&kee Massabo et al.,
2013), a radiative transfer model taking into account the multjaitesing effects occurring
within the particle-filter system is applied (Hanel, 1987 and 19P4¢ model gives the two
parameters needed to calculate the sample absorbance (AB&actiom of light absorbed
by the loaded filter), i.e. the total optical thickness dnd the aerosol-filter layer single
scattering albedo (SSA). These parameters are linked ta#&B&gh the relationship ABS =

1 (1-SSA). Finally, hsis given by hys= ABS%, where A is the active surface filter area

and V is the volume of sampled air.

2. Field campaigns and laboratory analyses
Samples collection
PM10 aerosol samples were collected at two diftel@sations in Liguria (Italy): a regional
background and an urban background site. The rabioackground monitoring site was
placed is a small village (Propata, 44°33'52.93'WN11'05.57”E, 970 m a.s.l., population

160 inhabitants) in the Ligurian Appennines wheow burning is expected to be a major
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aerosol source especially during wintertime assitused for both domestic heating and
cooking. Due to its peculiar position, Propata t&noccasionally impacted by pollution
advection from the Po valley as well as from thastal area at South. The urban background
monitoring site was 2 km far from the Genoa citptoe (44°24'08.93”N, 8°58'18.17"E, 60
m a.s.l., population 600,000 inhabitants). The dmgsite was located on the terrace of the
Physics Department and it can be considered assemative of a maritime urban
background station because not directly influermetbcal pollution sources.

In Propata the sampling covered different perié@druary - July 2013 and November 2013
- January 2014. 48-hour PM10 samples (120 in totabe collected on quartz-fibre filters
(Pall, 2500QA0-UP, 47 mm diameter) using a low-nséusampler (38.3 | mihby TCR
Tecora, Italy). Additional PM10 samples were cdkecfor radiocarbon analysis on quartz-
fibre filters (Pall, QAT-UP, 150 mm diameter) usiaghigh-volume sampler (500 | rifin
This sampling was carried out in March-April 20E&ch sampling lasted about 6 days and 4
samples were collected overall.

In Genoa 24-hour PM10 was sampled for two weeksafége 31 - November 13 2013) by a
low-volume sampler (38.3 | minby TCR Tecora, Italy). Aerosol particles were ected on
quartz-fibre filters (Pall, 2500QA0-UP, 47 mm diasm.

The quartz-fibre filters were never heat-treateftgesampling; any possible contamination
was assessed in each batch before sampling (thenomaxOC contamination was 1.7 £ 0.3
pg cm?). Field blank filters were used to monitor any gibke further contaminations.
Moreover, in this work we decided to neglect thegiale effect of sampling artefacts due to
organics on light absorption measurements whengugumartz-fibre filters as shown by
Vecchi et al. (2014) because it has been consideesl not to alter the approach described
in 83.

Laboratory analyses

Filters were weighed before and after the samplmgan air-conditioned room. After
weighing, low-volume samples were analyzed by MWAretrieve ks at five different
wavelengths. EC and OC were determined on one p(inBhcnf) of the quartz-fibre filter
by a Thermal Optical Transmittance (TOT) instruméBunset Lab Inc.) using the
EUSAAR_2 protocol (Cavalli et al., 2010h addition, levoglucosan — a well known marker
for wood burning (Simoneit et al., 1999) — was deieed by High Performance Anion
Exchange Chromatography coupled with Pulsed AmpetacnDetection on a portion of the

same quartz-fibre filter (Piazzalunga et al., 2010)
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TC radiocarbon analyses on high-volume samples werformed at the Accelerator Mass
Spectrometry (AMS) facility of the INFN-LABEC labatory of Florence (ltaly) (see Fedi et
al., 2013 for details). Sample preparation for Ast&lysis was carried out using a sample
preparation line suitably set up for aerosol sas\f&alzolai et al., 2011), following the TC
sample preparation procedure described in Bernaed@h. (2013).

The measured“C/*°C was corrected for the background signal and tfenisotopic
fractionation according t&°C/*°C measured in the accelerator. Data were normatizéde
isotopic ratio obtained for the oxalic acid Il sdand NIST 4990C and the results were
expressed as fraction of modern carbgy) (h the sample. It is noteworthy that nuclear
weapon tests in the '50s and '60s led to the isere&“C to °C ratio in biologic material.
Thus, f, must be corrected for reference values of'ffiecontent for the sampling period
(fm,mog t0 correctly apportion modern sources. In thiskyé, mo.gWas set to 1.08, assuming
equivalent contributions by wood combustion andgbiuc sources and using 1.116 and
1.036 as representativg Values for the wood burnt and the biogenic matemspectively
(Zotter et al., 2014). The relative contributiororfr modern (non-fossil) sources was

estimated ad = fn

m,mod

3. Multi-wavelength analysis
Optical apportionment
In this work, a new source apportionment model (MAApproach) based on the
measurement of,p at five wavelengths was developed. The MWAA apphoaxploits the
information provided by the 5-measurements to obtain directly the BrC AAk;{) and the
BrC absorption coefficient (pe") at each measurell These are innovative features
compared to the Aethalometer model (Sandradewi,é2G08; Favez et al., 2010) which uses
measurements at twa only (even with the 7%- instrument) and provides the total
contribution to ksdue to fossil fuels @as r) and wood burning @as we without information
on the species (i.e. BC or BrC) responsible fohszantributions.
The minimization algorithm used in the MWAA apprbapined to TOT measurements
allows also to apportion the contributions of FFdawB to the EC (E& and EGys,
respectively) and, although with some further agsgions, to the OC (O& and OGyg,
respectively).
The MWAA approach starts from two different decosiions of Qpd1).
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In the first case, #4)) is assumed to be the sum of the absorption cweffs of BC
(bar< (1), regardless of its FF or WB origin), and BrG,5°(1)), as follows

bandA) = bups “(1) + s (1) 1)

Furthermore, hEC()) and k,E(L) are assumed to Bedependent following the general
relationship bdA) A", wherea is different for BC and BrCagc andogc, respectively).

Thus, eq.(1) can be written as:

ref ref

by () (A ) by ) _((A ) @
babsBC (A ref ) A babsBrC (A ref ) A

wherels can be arbitrarily chosen.

In the second case, the decomposition approable isame as in the Aethalometer model:
DandA) = Davs,F)) + Dans we(A) 3)

where Qs @and  Ryswe are the contributions from FF and WB to the tdigl This

decomposition assumes that FF and WB are the onlgss of light absorbing species at the

sampling site. In this case, it is assumeéddependence of srelated to the source of the

absorbing aerosol as follows:

) :( A J 0,0(4) :( A J "
babs FF (Aref ) Aref babsWB(/]ref ) /]ref

where agg and oywg are the AAE representative for FF and WB aerosol Jagdcan be

arbitrarily chosen.

Moreover, the MWAA approach is based on the following aggions:

a) Wood burning is the only source of BrC;

b) BCr and BGys have the same AARic), disregarding the emission source;

c) BC and BrC have different spectral dependences, i.eerditf AAE (isc and agc,
respectively);

d) Fossil fuels are assumed not to contribute to Br@s AAE for FF aerosol is assumed to

be the one for BCogr= 0gc). orr Value was set as explained in the following;
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e) aws Was set to a fixed value as explained in the following.

Equations (1) and (2) can be joined and rewritten as:

b,1:(1) = (BCxe +BC,e) MACES, ] (ALJ +[Brc WACE,;%][%} )
refl ref 2

i MACSc1 | 1-a MACye2 | 1-a
= (BCFF +BCWB)D/1—T A% 4+ B|f(:|:|/1_T e = (5)

refl
A B

=|(BC + BQNB)BJOBC]/]'”BC +| BrC [, © |/1‘”Brc

A B

Where:

MACES  and MACPS, are the mass specific absorption coefficients (ihdij) at

arbitrarily chosen reference wavelengthgsH{ and.s,) for BC and BrC, respectively;

BC BrC

P BC __ A Aref 1 BrC __ M 'Aref 2
it is noteworthy thato, =——— and 0, =———— only depend on BC and

-agc 0 ~aBrC
refl ref 2

BrC properties, respectively.
BCrr and BGyg are the concentrations of BC emitted by FF and Wheas/ely;
BrC is the concentration of brown carbon. The indicatibthe BrC source is omitted

as we assume it comes only from WB.

With the same formalism introduced for eq.(5), eopf®d (4) are joined and rewritten as:

babs(A) = M AT+ l BCus |]7'0BC + BrC BTOBrCJ )we (6)
A B

Many works (Bond & Bergstrom, 2006; Moosmudller et aD11; and references therein)

show that aerosol produced by fossil fuel combustios daypical value otier =~ 1.0,

considering laboratory as well as field experiments, theaning an inverse proportionality

between k,sandA. This further supports our assumption that= agc that means that Q€

is expected not to contribute tguber(i.e. no BrC is emitted by FF combustiolmdeed, in

samples where negligible WB contribution is expected becafiswo levoglucosan

concentration, aA “**function with 0.9%x<1.1 suitably fits the 3- determined ks

Consideringuge, it is widely accepted that the absorption cross-se&viofpure” BC in the



255 atmosphere varies a§", i.e. the imaginary part of the refractive index does epedd on.
256  (Bond & Bergstrom, 2006; Lack & Langridge, 2013; aeferences therein). Taking into
257 account the previous considerations, in this study we fixed1.0 (see further discussion at
258  84).
259 In the case of woodsmokeys values are generally in the range of 0.9-2.2 (Harrison et al
260 2013; and therein cited literature) depending on severalrfaas air mass aging and the type
261 of wood burnt as well as the specific wavelength range whergnt values are calculated.
262 In this work, we fixeduwg = 1.8 which gave a fairly good agreement with indepentfent
263 measurements (see discussion at 84). @gecorr, and aws have been set, the system is
264 numerically solved by fitting the two eq.(5) and (6pastely and using MINUIT x?
265 minimization routine (James, 1978) home-written adap@gram (ROOT package; Brun &
266 Rademakers, 1997). The minimization program fits thebis measurements performed by
267  MWAA following eq.(5) and eq.(6) to obtain A, B, AB’ and ag,c for each sample. It is
268 noteworthy the multk measurements allow to run the proposed model and prawid
269 accurate fitting. The meam,c values extracted for the Propata and Genoa datasets are 3.89 +
270 0.18 and 4.02 + 0.19, respectively (quoted uncertaiatieshe standard deviation of the two
271 distributions). Values ofig,c up to 9.5 have been reported for wavelength pairsat@D
272 700nm (Lack & Langridge, 2013; and references therein).v@hees obtained in this work
273 are in good agreement with the findings of Yang et al0g20vho reportedig.c = 3.5 (for
274  wavelength pairs 470 and 660nm).
275  Considering eq.(5) and (6), the following relations barderived:
A- A=BC,0°
276 A=BC. 0"
B=BrCo°

277 and the correspondiigdependences lead to:

Baaws (A) = BCygOeCA e = (A= AN e
278 Banerr - (A) = BCrrOgCA e = A A e (7)

b, (A) = BrC g A e = B e

279 thus the source-dependent (FF or WB) light absompttontributions to BC and BrC
280 (baps.rE (), bapswe “(A), and Bpe (1)) can be obtained from the results of the minirtiira
281 algorithm. Please note that BrC is assumed to bitezimonly by WB, thus the source

282 indication is omitted in <™.
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In Figure 1, the meanaf(}) source apportionment at the rural site of Propstahown.
Moreover, the optical apportionment for the Propefater campaign is shown as an
example in Figure 2 at= 850nm and = 375nm. As expected, the Figures show thgf'b
is very low at the infrared (IR) wavelength wher@asxplains up to 50% of the total light
absorption in the case of UV. Although8“(850nm) is generally low, it varies greatly from

one day to another reaching values up to 11% ofotiaé by, {850nm).

Mass apportionment: equivalent black car&BC)
The MWAA approach described so far quantifies tthed main contributors to totahdh

(Daps FEC, banswi -, and hps®"©) at five differents, so that:
babs(A) = babsFF o (A) + babsWBBC (A) + babsBrC (A) (8)

Moreover, following the approach in eq.(5) a wangkh-dependent mass-absorption cross-

section for BC can be introduced adAC®(A)=0°A % =gS°A™". This allows the

evaluation of the equivalent black carbon in atrhesp (EBC) as the sum of EBC from FF
and WB (EBGr and EBGys, respectively):

babs,FF 5 (/‘) + babsWBBC (/1)

EBC = EBG¢ + EB =
Gr Cws MACES (1)

(9)

With the further assumption of equivalence betw#en EBC in atmosphere and the EC
determined by thermal-optical analysis (EB€ EG+ and EBG = EGyg), the following

relationships hold at evedy

EC b Be
ECFF=EC—ECWB=EC(1— WB>=E6<1—‘”’S'—W§C)=
EC babs

BC _ BrC_ BC
— EC (1 _ babs,WB Brc) — EC (babs baps bgf(s:,WB ) (10)

baps—Dbaps babs—Dbabs

Focusing on the IR range where BrC contributioriatal hy,sis minimized (thus reducing

uncertainties on the denominator evaluation) waiabt

babs,FFBC(850 nm)
baps(850 nm)—bgps>T € (850 nm)

ECFF == EC

(11)

10
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BC
babs,wp (850 nm)
baps(850 nm)—babSBrC(SSO nm)

ECwg = EC (12)

Figure 3 shows the EC apportionment deduced byl Bgdnd (12) at Propata and Genoa.
ECws is higher in winter while it becomes small or abhaero during summertime. The
resulting MAC“(850nm) is (6.57 + 0.13) iy (R? = 0.87) and (6.40 + 0.10)’g™* (R* =
0.98) for Propata and Genoa, respectively. As We alues are comparable within the
experimental uncertainties, the mean value is tatled <MAC©(850nm)> = 6.5 + 0.10 n
g’. However, it is worthy to note that generally MACEC is an apparent, site-specific value

including ambient factors as reported in severakegBond & Bergstrom, 2006).

Mass apportionment: organic carbon
The OC source apportionment is less straightforvaardot light-absorbing carbon as well as
non-combustion components (@€} such as spores, pollen, etc. can contribute to The
OC values determined by the TOT analysis can e ekpressed as:

OC = OCgg 4 OCyp + OCyc (13)
In the following, all the biogenic compounds ar@gidered as not optically active and they
are summed up in the Q€term. Moreover, BrC is assumed to be produced bylthe WB
source; this is actually confirmed by the inter-gamson discussed in 84 (see also Zheng et
al., 2013).
To perform the OC apportionment, it is assumednaadl relationship between BCand
OCr as well as between BrC and @&(i.e. BGrand BrC are used as tracers for FF and
WB sources, respectively). Moreover, the lineaatrehship between B& and BrC and their

absorption coefficients allows re-writing eq.(18) a

OC = k; Thyperr " (850nm) + k;, [, > (407nm) + OC, (14)
OCer OCue

Where:
« OC is the organic carbon concentrationjig fn°] measured by TOT analysis;
* babs FF(850nm) in [Mm'] is the contribution to the BE absorption @. = 850nm;
o bap™(407nm)in [Mm™] is the contribution to the BrC absorptionX@ 407nm:;
« ky is a constant coefficient in [g fhrelated to the MAE“(850nm) and to OG/BCe;
« ko is a constant coefficient in [g fhrelated to the BrC MAC @. = 407nm and to
OCws/BrC;
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343 + OCyc is expressed irug m.

344 The absorption coefficient determinediat 850nm and 407nm where chosen as starting
345 points for OGr and OGyg determination. The choice &f = 407nm as reference for the
346 evaluation of BrC contribution is related to theauailability of the laser diode with =

347  375nm during the first winter campaign.

348  With our approach, both;lkand k are directly determined by the experimental opiitzda.

349  In samples where the,,is close to 1.0 (i.e. the measureg{h) approximately follows\ %)

350  bapC is negligible, thus eq.(14) reduces to:

351

352 OC=k, (b, °°(8500m)+OC,. ~ when a, =1 (15)

exp
353

354 The k parameter is then determined by a regression sifi®C vs. hys £° restricted to the
355 samples withte,p~ 1.

356 Such analysis on the rural site dataset is showkigore 4a and gives;k 0.52 + 0.06 (R=
357 0.79). Once determined; k and thus the O& contribution for each sample -, kan be
358 calculated by performing another linear regressiovolving the remaining part of the
359 dataset:

360 0C — OCpp = Ky * baps > ¢(407 nm) + OCyc (16)
361

362 Whereas kremains nearly constant during the whole campéiga in Figure 4a span all
363 over the year), the value of Is season-dependent: in the cold period of 20fBréximately
364 February-March 2013), the regression study (Figlmeopen squares) gives k0.36 + 0.03
365 (R?=0.91) while in the warm period (approximatelyvbeen May and July 2013, Figure 4c)
366 kyis 1.53 + 0.23 (R= 0.88). In the last part of the campaign (betwidemember 2013 and
367 February 2014) Kkis again very close to the value found in the qmdod of 2013 (Figure
368  4b, full triangles) with a value of 0.43 + 0.02%R 0.97). In this analysis, transition days
369 between cold and warm periods are not taken intowr@. Once determined &nd k, OG-
370 and OGyg are calculated for each sample andy©(S obtained by eq.(13). In Propata, C
371 concentration values are typically high during wntime and especially during late fall 2013
372 (Figure 5a). The Og fraction is similar all over the year with a partage increase in early
373 springtime. OG@c concentration values are mostly negligible duting cold periods while
374 they increase to a mean <@ = (0.44 + 0.10ug m* during late spring and summer. In

375 Genoa, the Og fraction is dominant during the whole campaigncagtting for about 70%

12
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of total OC (Figure 5b). In Table 1 a summary & #pportionment results for the two sites

is reported.

4. Comparison with independent techniques
The reliability of the optical mass apportionmergswchecked by independent levoglucosan
and *C measurements. The comparison between paralletndisiations (please note that
radiocarbon measurements have been performed @mples only, see 82) is shown in
Figure 6a.
A very good agreement betweag by radiocarbon measurements and levoglucosan/TC is
found (slope = 4.38, & 0.99). The intercept value (55%) can be probaltiybuted to local
background secondary organic aerosol, as the pessibgenic contribution seems to be
negligible according to the optical apportionmdfig(re 5a).
The best agreement between the results obtainemlbyptical approach and radiocarbon
measurements is found fayg = 1.8 (Figure 6b); this value is similar tays = 1.86 found by
Sandradewi et al. (2008).
Literature works (Favez et al., 2010; Sandradevéal t2008; Harrison et al., 2013) showed
the sensitivity of the Aethalometer model resuitshie a priori setting afrr andows. In this
work, few trials changing the values assumeduf@y; arr, andaws Were carried out; among
them, the one most affecting the regression paemshét Figure 6b isws. Indeed, varying
this parameter by = 0.1 a change in the slope ofib 10% and in the intercept by £ 8% is
observed.
Furthermore, for the low volume samples the réliighof the optical mass apportionment
was verified versus the independent determinatibrthe levoglucosan concentration. In
Figure 7a the following results are reported: @€ (5.31 + 0.15)evoglucosan (R= 0.90)
at the rural background site in Propata andy®€ (7.10 + 0.41)evoglucosan (R= 0.89) at
the urban background site in Genoa. Especially iop&a, the determined Qg to
levoglucosan concentration ratio is in very goockagent with results by Piazzalunga et al.
(2011), Bernardoni et al. (2011), and Favez et(a010) who used Olk/levoglucosan ~
10.8 and OMs/OCyg = 1.8. A good correlation with levoglucosan wasrduor EGyg t00;
the regression study (Figure 7b) gaveag@ (1.10 + 0.05)evoglucosan (R= 0.85) with no
significant differences between the two datasets. tBe contrary, the levoglucosan
concentration values do not show any correlatiah Wie EGrand OGgvalues.
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We can therefore conclude that, at the present lefiv&nowledge,aws = 1.8 £ 0.1 is a

reliable figure for future uses of the optical agjfpmment methodology.

5. Conclusions

The MWAA can measure offline the aerosol absorptioefficient at 5 wavelengths ranging
from IR to UV. In this way, a new apportionment hdology based on the so-called
Aethalometer model but fully exploiting the multewelength approach, can be applied to
monitor the variability of WB and FF contributions aerosol optical absorption and mass
concentration.

The model results depend on the choicegef, arr, andaws values in eq.(4) and (5): in the
present study, they have been fixed according ¢ord¢iaent literature and validated against
independent techniquesst = arr = 1.0; aws = 1.8). Although these values in principle can
be site-dependent and modified in future works,dhta reduction approach here proposed
remains valid. The optical apportionment is basedtlee assumption that the absorbing
species in aerosols are related to FF and WB amlgase of significant dust intrusions, this
might be not true and could lead to inaccurate g@@pportionment. The possible optical
activity of biogenic compounds is also neglectedhis work but this issue merits a further
investigation. Despite of the mentioned limitations this paper we introduce a new
methodology which produces sounding results bothratal site and in a large coastal city in

Italy.
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FIGURE CAPTIONS

Figure 1. Mean BGr, BCuyg and BrC light absorption coefficients as a functiof

wavelength at Propata during winter 2014.

Figure 2: Optical apportionment obtained at the rural diteing wintertime 2014 (a) =
850 nm (IR) and (b} = 375 nm (UV).

Figure 3: EC apportionment at the rural site (a) and thmnrackground site (b).

Figure 4. Rural site dataset: (a) OC versqss,laFBc(SSO nm) only for samples witde,,~ 1,

(b) OC — OGE vs. hype™(407 nm) open squares refer to wintertime 2013faldriangles to
wintertime 2014; (c) OC — O vs. hpE (407 nm) for samples collected in the warm
period.

Figure5: OC apportionment for the rural site (a) and thHzan background site (b).

Figure 6: Rural site high volume samples: (g3 /s. levoglucosan/TC; (b)gvs. TC — TGk
obtained by the optical approach G EG + OG).

Figure 7: (a) OGyg Vs. levoglucosan and (b) &€ vs. levoglucosan. In the case of Q@C
two different OGyg to levoglucosan ratios were found for Propata iiogguares) and Genoa

(full triangles).

Table 1. Average EC and OC apportionment at the two sitafiues are given as percentages

of total measured EC and OC.
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Tablel

Click here to download Table: Table _1.docx

Site <ECe> <ECwg> <OCge> <OCwgs> <OCnc>
Propata, winter 2013 68 + 15 32+11 63+7 35+10 7112
Propata, summer 2013 87 +19 13+8 53+4 116 36+12
Propata, winter 2014 47+9 53+9 385 61+5 4+11
Genoa, fall 2013 84+11 16+7 675 15+5 19+9

Table 1
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