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Abstract

Investigations on atmospheric aerosols and theiurces were performed during
October/November 2013 and May/June 2014 subseguendl suburban area of Rome (Tor
Vergata) and in central Rome (near St. Peter'sliBaki During both years a Saharan dust
advection event temporarily increased BNobncentrations at ground level by approximately
10 pg . Generally, during Oct/Nov the ambient aerosol wase strongly influenced by
primary emissions, whereas higher relative contiiims of secondary particles (sulphate,
aged organic aerosol) were found during May/Jurmesolute concentrations of anthropogenic
emission tracers (e.g. NOCO,, particulate polyaromatic hydrocarbons, traffitated
organic aerosol) were generally higher at the utbeation. Positive matrix factorisation was
applied to the PMorganic aerosol (OA) fraction of aerosol mass speateter (HR-ToF-
AMS) data in order to identify different sources mimary OA (POA): traffic, cooking,
biomass burning, and (local) cigarette smoking. l/hiomass burning OA was only found at
the suburban site, where it accounted for the nfagmtion of POA (18-24 % of total OA),
traffic and cooking were more dominant sourceshaturban site. A particle type associated
with cigarette smoke emissions, which is associat#ld a potential characteristic marker
peak (/z84, GH1oN™, a nicotine fragment) in the mass spectrum, wag fonind in central
Rome, where it was emitted in close vicinity to thmeasurement location. Regarding

secondary OA, in Oct/Nov, only a very aged, redilgredvected oxygenated OA was found,
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which contributed 42-53 % to the total OA. In Mayi& total oxygenated OA accounted for
56-76 % of the OA. Here also a fraction (18-26 %otél OA) of a fresher, less oxygenated
OA of more local origin was observed. New partifdemation events were identified from

measured particle number concentrations and s&ghiitions during May/June 2014 at both
sites. While they were observed every day at thanufocation, at the suburban location they
were only found under favourable meteorologicalditions, but independent of advection of
the Rome emission plume. Particles from sourcethén metropolitan area of Rome and
particles advected from outside Rome contributed?@26 and 30-58 % to total measured
PM;,, respectively. Apart from the general aerosol att@ristics, in this study the properties
(e.g. emission strength) and dynamics (e.g. tenhgmhaviour) of each identified aerosol

type is investigated in detail in order to providebetter understanding of the observed

seasonal and spatial differences.

1 Introduction

Atmospheric aerosol particles remain a major uaday in both, estimations of climate
change (Boucher et al., 2013) and of impact ofpaitution on public health (Heal et al.,
2012), and therefore are a major topic of curresearch (Fuzzi et al., 2015). Identifying the
sources, properties and concentrations of atmopparticles is essential for evaluating their
effect on climate and health and constitutes aiakustep in finding measures for the

improvement of air quality.

Many studies on aerosols and their sources have jpedéormed in urban environments (e.g.
Freutel et al., 2013; Mohr et al., 2012; Zhenglet2D05), which are characterized by high
population densities and a large diversity of petsources. Typical urban aerosol sources
include road traffic, cooking, and heating actesti Also emissions from biomass burning can
be important, both of regional origin (e.g., agtietal and wild fires; Reche et al., 2012), and
from residential wood combustion, which recentlys lBecome more prominent in Europe

even in urban environments (Fuller et al., 2013).

Many of these anthropogenic sources emit large atsoaf organic material in the fine
particle fraction (e.g. Hildemann et al.,, 1991). tacent studies of particle source
identification (e.g. Allan et al., 2010; Mohr et,a2012; Reche et al., 2012), positive matrix
factorisation (PMF) was applied to separate themigaerosol (OA) fraction into different

factors associated with various OA sources, theprbyiding indications about the fraction
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of primary and secondary organic aerosol (POA a@d)Zhang et al., 2011). Oxygenated
organic aerosol (OOA), mainly associated with SO typically found to be the most
abundant fraction of OA (Lanz et al., 2010), withncentrations depending on season and
location (Zhang et al., 2011). Several studiesnigauch from observations during summer
time (Lanz et al., 2010), show discrimination of ®@to a fresher and a more aged type of

OOA based on different states of oxygenation andstatility (Jimenez et al., 2009).

While AMS measurements yield useful informationtbe age of OA, they cannot provide

evidence for new particle formation of fresh se@ydaerosol. Indications for such, however,
can be found in physical aerosol properties liketiga number concentration or size

distributions (e.g. Alam et al., 2003). New pasdidbrmation events in urban environments
have been investigated previously in several stufieg. Alam et al., 2003; Brines et al.,

2015; Minguillon et al., 2015; Shi et al., 2001;anly et al., 2004), and especially in the early
afternoon seem to be responsible for elevatedgariumber concentrations in urban areas in
Southern Europe (Reche et al., 2011).

On the other hand, while the health impact of eoaarticles (PMy-PM;5) is not yet fully
understood (Heal et al., 2012), the associatiorwdmt Saharan dust advections and
mortality/hospitalisation is quite well demonstdtStafoggia et al., 2016). Deserts are large
sources for mineral dust, which can strongly ctutie to atmospheric Pilevels, especially

in Southern Europe. Measurements performed in énmg 2001-2004 during Saharan dust
advections over Rome showed a mean Saharan dustbation of 12-16 pg il to daily
PMy, concentrations, leading to an average annualaseref about 2 ug H(Gobbi et al.,
2013). In the central Mediterranean region, maximduost concentrations are typically

observed from spring to autumn (Barnaba and G@lfi4).

In this study, we investigate the occurrence ampgnties of ambient aerosol from different
types of sources in Rome, which apart from locaissions can be influenced by advected
aerosol from continental Europe and the Saharatd&aing two different seasons (Oct/Nov
2013 and May/June 2014) and at two different loceti(city centre and suburb), stationary
measurements of chemical and physical propertieaenbsols, several trace gases, and
meteorological variables were performed. Non-réfigccomponents of submicron particles
were measured with an Aerodyne high-resolution 4bfalight aerosol mass spectrometer
(HR-ToF-AMS). To support identification of partickources, their strength and temporal
behaviour, the OA measured with the HR-ToF-AMS \imsher separated into different
factors using PMF.
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Based on these measurements, in this work the wtmaosphere of Rome is investigated in
terms of particle source identification with a Spéfocus on seasonal and spatial differences

influencing the presence and/or the characterisfieerosol types in the city area.

2 Experimental

2.1 Measurement locations and periods

Measurement results presented in this study wetaired during four intensive field
campaigns in the greater Rome area, Italy (TableTthg city of Rome covers an area of
1300 knf and has a population of about 2.9 million residdatsout 4.3 million residents
within the whole metropolitan area of 5350 miThree airports are located in the Rome
province, including the largest one in Italy (Fiemb). Heavy industries are not found in
Rome; the economy is mainly based on services,atidug construction, tourism, etc. Parks
and gardens cover some 34 % of the city area. Rerdlearacterised by high traffic volume
and density: about 50 % of the population commetesy day, mainly by private cars. The
cars per capita ratio in the city is 550 per 100tabitants.

Measurements referred to as DIAPASON were perforrdadng Oct/Nov 2013 and
May/June 2014 at the Institute of Atmospheric Soésnand Climate (CNR-ISAC) in Tor
Vergata, Rome. The institute is located in the Is@astern outskirts of Rome
(41°50'30.2"N, 12°38'51.2"E, 103 m a.s.l., 14 kfnrom central Rome) and considered an
urban background site. The measurement platformavgkee Sect. 2.2) was positioned at a
free field with no buildings within a radius of 200. A frequently used street is located at
approximately 100 m distance in northern directidhe closest highway (Al) is situated
south-westerly at a distance of about 700 m. Sihglese villages are scattered over this
territory, starting some 1 km from the site. Fraisatown on the Alban Hills, is located at
about 4 km distance in south-easterly directionrifi@uboth periods measurements at Tor
Vergata were supported by the EC-LIFE+ project DAM®N (Desert-dust Impact on Air
quality through model-Predictions and Advanced BengbservatioNs), which aims on
improving existing tools to assess the contributadnSaharan dust to local RMlevels

(http://www.diapason-life.euflast access 09.05.2016). For this reason measutemene

scheduled in periods where a dust advection evaritibe expected and was forecasted by a
number of dust forecasts such as the DREAMS8b (Basaal., 2012), the SKIRON (Kallos et
al., 1997) and the Tel Aviv University (Alpert dt,&002) models.
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The “POPE” (Particle Observations around St. PE}erheasurement campaigns were
conducted during November 2013 and June 2014 itrateRome. Measurements were
performed inside a courtyard belonging to the adstration of the hospital “Santo Spirito”
(41°54'04.3"N, 12°27'41.5"E, 18 m a.s.l.), whiclp@sitioned approximately 600 meters from
St. Peter’s Basilica. This urban measurement sisirounded by highly frequented streets,
separated from the courtyard by the four-storeyding of the hospital. The surrounding area
is a touristic hotspot with frequent religious gathgs (e.g. festivals, masses) and many
restaurants and shops. Especially on Wednesdaygydhe papal audience and on Sundays,
if the masses are held at St. Peter's or duringalpgpeeches (Angelus), the area attracts

numerous Visitors.

The distance between the two measurement sitesoiné 17 km. During both years

measurements at Tor Vergata and central Rome veefermed subsequently.

2.2 Instrumentation

All measurements were performed with tMeobile aerosol researchaboratory MolLa
(Drewnick et al., 2012). MolLa is based on a reg#ard Transit delivery vehicle equipped
with instruments for on-line measurements of chainémd physical properties of aerosols,
important trace gases and meteorological variaflable 2). Further description as well as
details of the aerosol inlet system can be foundimewnick et al. (2012). All results
presented in this study were obtained in stationagsurements, with the aerosol inlet and a

meteorological station at 7 m above ground level.

An HR-ToF-AMS (Aerodyne Research, Inc.; DeCarloakét 2006) was used to measure
particulate mass concentrations of submicron nénaetry organics (“Org”), sulphate
(“SOy"), nitrate (“NGs”), ammonium (“NH;") and chloride (“Chl”). The HR-ToF-AMS
allows the distinction between different ions a #ame nominal mass-to-charge-ratigZ.
The instrument was run in V-mode, i.e. the iontofeéd a “V”-shaped trajectory through the
mass spectrometer, allowing high sensitivity agtgly lower mass resolution, compared to

the higher resolution mode (W-mode).

In the framework of the EC-LIFE+ project DIAPASONIditional measurements were
performed at the Tor Vergata measurement site,mdiimed at assessing the contribution of

Saharan dust to PM levels. These measurementdéttlbourly PMo, a three-wavelength
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nephelometer, one-hour filter sampling for off-liREXE analysis (Lucarelli et al., 2014) and
a polarization LIDAR-ceilometer for the assessnwiresence, phase and altitude of aerosol
layers (Gobbi et al., 2004). Boundary layer heightsre determined from polarisation
LIDAR-ceilometer measurements based on the metrestribed by Angelini and Gobbi
(2014).

Since the POPE measurements were performed insidartyard, surrounded by four-storey
tall buildings, wind speed, wind direction and safadiation data are affected and not used

for these periods. The time resolution for all meaments is 60 s or better.

3 Data preparation and analysis

3.1 General data analysis

All measured variables were corrected for samptietays and set on a common 1-second
time base. Particle losses during the transpoxutiir the inlet system were negligible
(Drewnick et al., 2012). The data time series weeefully inspected and quality checked.
Data affected by instrument calibrations and malfieams were removed. Measurement
periods influenced by local emissions (e.g. mowedicles in the immediate vicinity of
MoLa) were identified based on prominent short geakthe time series of G@nd patrticle
number concentration (PNC) which significantly esated the typical variability, and
removed from the data set. After data decontandnaB-minute averages were calculated for

all variables, which were used for all followingadyses if not otherwise indicated.

Data collected during the DIAPASON2013/POPE2013 &APASON2014/POPE2014
field campaigns are presented in local winter (UTCand local summer (UTC+2) time,
respectively. For convenience, DIAPASON2013 datapesented only in winter time, even
though the change from summer to winter time waghat fifth day of measurements
(27.10.2013). This means data measured prior tdirtteechange is 1 hour shifted to the past
with respect to local (summer) time. Especiallyrdal patterns dominated by anthropogenic
activity patterns (e.g. traffic during rush hounés) could be affected by ignoring the time
change. In order to evaluate this possible infleeéurnal cycles measured before and after
the time change were compared, but no significaift sf diurnal patterns was observed
between the time periods. Since diurnal cyclesateonly modulated by the source emission

strengths, but also by boundary layer dynamicsasgime the missing evidence of the time
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shift in the data is caused by a combination dugrice from boundary layer dynamics and
the temporal uncertainty of diurnal cycles calcediabver only a few days. Additionally,
anthropogenic activities could have partially neeb instantly adapted to the time change,

which would lead to a blurring of the effect of tfimme change on diurnal cycles.

Polar plots of species concentration as a funaifdocal wind direction and wind speed were
generated by averaging species concentrations ¢(&@a3 into bins of 5° wind direction and
0.5 m § wind speed. The resulting data were smoothed Ipjyimg a natural neighbour
interpolation (Sibson, 1981). As presented by Yale{2004), such polar plots can provide
directional information on sources in the vicind§ a monitoring site. Sources close to the
measurement site are typically indicated by comesioh decreases with increasing wind
speed, while pollutants which are emitted from reamsources or at higher altitudes need
higher wind speeds to be transported to the mangosite (Yu et al., 2004). Similarly,
Carslaw et al. (2006) reported the capability ofhsiivariate polar plots to distinguish
between no-buoyancy sources like traffic (decregmeiilitant concentration with increasing
wind speed) and buoyant plumes emitted from souliées chimney stacks (increased
concentrations with increasing wind speed), whaee glume needs to be brought down to
ground-level from a higher altitude.

3.2 HR-ToF-AMS data analysis

AMS data evaluation was performed within Igor Pr876(Wavemetrics) with the standard
AMS data analysis software SQUIRREL 1.55H and PIKA4H. Elemental ratios calculated
from organic ion fragments (Aiken et al., 2007) aveletermined using APES light 1.06 (all
available athttp://cires1.colorado.edu/jimenez-group/ToOFAMSReses/ToFSoftwarg/ For

all data sets a collection efficiency of 0.5 wagplegul, which is typical for the given ambient
measurement conditions (Canagaratna et al., 200ig).ionisation efficiency (IE) of the ion
source and the relative ionisation efficiency (RI®y ammonium and sulphate (e.g.
Canagaratna et al., 2007) were determined befeeDHAPASON and after the POPE
campaigns in both years. An additional IE calitmatin 2013 after the field measurements
showed no general trend in IE values. Therefore ottserved variability of the IE values is
assumed to stem only from the uncertainty of tHibredions, and for each year averages of
the determined IE and RIE values were used for aasdysis. Measurements of particle free
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air were carried out multiple times during the caigps and were used for correction of

instrumental background effects.

In order to separate total OA into different aetdgpes, PMF (Paatero and Tapper, 1994;
Ulbrich et al., 2009) was applied to high-resolntimass spectra of the OA fraction wittiz
below 131. The procedure of HR data and error gegrpreparation is described in detail in
DeCarlo et al. (2010). Isotopes constrained toaatifsnal signal of their parent ion were
excluded from the analysis. Within the PMF EvaloatTool v2.06 ions with signal-to-noise
ratio < 0.2 were removed from data and error mes¢ti@and ions with signal-to-noise ratio
between 0.2 and 2 were down-weighted in the armlygiincreasing their estimated error by
a factor of two (Ulbrich et al., 2009). Particuld®,” (m/z44) and its associated ionsnatz

16, 17, 18 and 28 were down-weighted by a facto/®Ulbrich et al., 2009, supplemental

information).

In order to find the most reasonable and robust BbIGtion, the number of factors (one up
to ten, always at least two more than the finalyested solution), the rotational force
parameter (fPeak: -1 to A, = 0.1) and the starting point (seed: 0 to AG; 1) were varied

(see Ulbrich et al., 2009 for methodological dsdailSolutions with fPeak=0 and seed=0
turned out to yield robust results for all datessd@the evaluation of potential PMF solutions
was based on comparisons of the resulting factoe tseries with those of co-located
measurements (see Sect. 4.2), and of factor masgrapwith such from the literature.
Residues, i.e. the contribution of organic masscentrations not included in any of the
factors, accounted for <1 % of the organics masseauatration in all used PMF solutions and

are therefore negligible.

4 Results and discussion

4.1 Overview: Differences between seasons and locat  ions

This section provides a broad overview of the meamditions of local meteorology and air
quality during each measurement campaign (Tabkeg3)), and discusses their seasonal and
spatial differences. Figure 2 provides an overviefvthe relative composition of non-
refractory PM plus BC and shows the contribution of differenttfas related to different
sources retrieved from the OA fraction using PMir.tdtal, seven different factors were
identified: OOA (oxygenated OA), SV-OOA (semi-vdlatOOA), LV-OOA (low-volatile

8
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OOA), HOA (hydrocarbon-like OA), COA (cooking OABBOA (biomass burning OA) and
CSOA (cigarette smoke OA, see Sect. 4.2.5; corsidieical contamination and not included
in the pie charts iffig. 2. Here, only a general overview of these diffeffastors focusing on
seasonal and spatial differences is given. A metailéd discussion of the various sources

associated with these factors is provided in Seg2t.
Meteorology overview:

The first period of the DIAPASON2013 campaign (23.10.2013) was dominated by high
pressure influences and low wind speeds with ags@s moving from the Atlantic across the
Mediterranean basin. Within this period dust frdm Sahara was transported to the Rome
area (see Sect. 4.2.1). The second half of DIAPASTIN (1.-7.11.2013) was characterized
by a pressure drop and increased wind speed togeitiesome frontal passages leading to
precipitation. Both turbulent kinetic energy (TKByhich is a measure of the intensity of
turbulence and can be used as an indicator fomilkeng efficiency of pollutants in the air
(Srivastava and Sarthi, 2002), and boundary lagéghts (BLH) were at rather low levels
during DIAPASONZ2013 (Table 3), favouring the accuation of pollutants.

The first measurement days of POPE2013 (07.-0901B)2were influenced by changing
weather conditions, followed by a low pressure eystentred over Italy (10.-14.11.2013)
driving N-NW wind conditions and leading to almaltily precipitation events. High TKE
levels (almost three times higher compared to DISEAI2013) and slightly increased
boundary layer heights (900 m compared to 850 rhl€Td) led to conditions were dilution of

pollutants was more favoured.

During DIAPASON2014 a low pressure system was kxtatver the Atlantic and North
Africa. Saharan dust was advected to the measutesitn during the first week of
measurements. Some precipitation events occurneédgdilhese advections. TKE was slightly
increased after the dust advection, favouring teeuction of pollutant concentrations.
Boundary layer heights reached around 1500 m (T&ble

During POPE2014 a period of low pressure over tHantic and high pressure over Africa
and Europe (04.-13.6.2014) was followed by reverxsadditions (14.-17.6.2014) with some
heavy precipitation events. Compared to DIAPASONREie boundary layer was slightly
higher (1560 m) and TKE was decreased by 20 %.
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During DIAPASON2013 local winds were predominandlgriving from south and south-
easterly directions, whereas during DIAPASON201l4utlsavesterly wind directions
dominated fig. 1, no data available for POPE2013/2014, see Se&tt. !0 clear relationships
of air mass origin with measured RNhass concentrations were found by the calculaifon
HYSPLIT (Stein et al., 2015) and FLEXPART (Stohlatt, 2005) backward trajectories for

our measurement periods.
Aerosols and trace gases:

During both, Oct/Nov and May/June measurements,,, 00, and particulate PAH
concentrations (all typically traffic-related) wehégher in central Rome compared to the
outskirt location (Table 3). Cooking-related aeto@OA) concentrations were found to be
generally higher in the city centre (Fig. 2b, dhile traffic-related (HOA) concentrations
were strongly increased during 2014 (+ 58 %) atutian location (Fig. 2d), and nearly the
same at both locations during the 2013 measuren{Eigis2a, b). All this is consistent with
increased primary emissions (cooking, traffic) la¢ urban (Fig. 2b, d) compared to the
suburban site (Fig. 2a, c). However, total con@gians of organic aerosol predominantly of
primary origin (POA) were higher at the suburbar®{d.5 pg 1) compared to the urban
(1.4-1.6 pg ) location. This is due to a factor indicating jets from biomass burning
(BBOA), which was obtained exclusively at Tor Vesrg#éFig. 2a, c). Here, biomass burning
seems to be an important particle source, contriguhe most abundant fraction (42-51 %)
of POA. Consistently, BC, which is related to pripnamissions from both biomass burning

and traffic, showed no general trend between tleeldwations (Table 3).

The influence of increased temperatures and strosgar radiation during measurements in
May/June 2014 (Table 3) is reflected in elevatednezmixing ratios and the fact that it was
possible to extract an additional OOA factor, whiehs attributed to a fresher, less oxidised
aerosol type (SV-OOA, Fig.c2d). Within a continuum of OOA with different degreeé
aging/oxidation, SV-OOA (fresh, of rather localgin) and LV-OOA (aged, of more regional
origin) are located in the upper and lower rangspectively. In contrast, during Oct/Nov,
only one type of rather aged OOA was found (Fig.l®adue to reduced photochemistry in
this season which prevents the quick formationxygenated aerosol from precursors emitted

in the vicinity.

A stronger influence of aged aerosol of rather aegi origin on the PM fraction was
observed for May/June than for Oct/Nov: the fractid OOA (SV-OOA + LV-OOA) to OA,

10
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but also the relative contribution of total organ@nd sulphate to PMvere higher in the
warmer season (Fig.c2d). This could be caused by different prevalentra@ss origins,
though the analysis of backward trajectories predido definite answers on this (see above).
Also the relative fraction of sulphate could be éved in Oct/Nov due to an enhanced fraction
of primary particles as a consequence of lower daon layer heights (Table 3) and,
potentially, higher emission strength of local smsr during the colder season. Consistently,
in Oct/Nov 2013 at both measurement locations heri@C fraction was observed compared
to May/June, and POA made up a larger fractiorheftotal measured organics (Fig. 2). Also
absolute BC concentrations were enhanced. Additigrisigher concentrations of NCand
PAH (increased by a factor of 3), and of total jgtnumber concentration (PNC) were
observed during Oct/Nov (Table 3), indicating thecuanulation of pollutants during the

colder season due to the aforementioned reasons.
“Home-made” vs. “advected” PM

For a rough estimate of the contribution of Pbriginating from sources in the Rome
metropolitan area and from advection from outsikld; species were separated into “home-
made” (BC, HOA, COA, BBOA, SV-OOA, N§ and “advected” (OOA/LV-OOA, S£
(Table 4). NH was apportioned to home-made and advected Badsed on the molar
concentrations associated with N&hd SQ, respectively. Not included in these estimates are
dust advection periods and emissions from cigareftehich were considered as local
contaminations). During the measurements the traaf home-made PMaccounted for 42-
70 % and advected PMaccounted for 30-58 % of total (home-made + acdcPM
(Table 4). During the 2013 measurements higherlatessoconcentrations of home-made PM
were found at the suburban location compared to utimn site, possibly caused by
meteorological conditions favouring pollutant aceuation during the respective period (see
above). During 2014, when meteorological conditi¢ag. BLH, TKE; see Table 3) were
rather comparable at both locations, similar alisotoncentrations of home-made PWere
observed at both sites. No general seasonal differén home-made PMfraction was
observed, although BLH was strongly increased dutie May/June 2014 compared to the
Oct/Nov 2013 measurement periods. Partially, thighinbe due to the additional presence of
the home-made species SV-OOA during May/June, witchld to some extent have
compensated for the dilution effect due to theeéased BLH. Altogether, neither a general
spatial (DIAPASON vs. POPE) nor a seasonal (Oct/MavMay/June) tendency regarding

the contribution of home-made and advected, Bditotal PM was observed. These results
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indicate that urban air quality in Rome stronglypeieds on both, emissions within the city

and transport of pollutants to the city, which botimtribute to urban aerosol concentration.

Independent of measurement season and locatioorgfamics fraction always was found to
contribute the largest share of P§4-53 % of non-refractory PMplus BC, Fig. 2), though
its relative composition (primary vs. secondary Odijfered. Regarding absolute RM
concentrations (Table 3 from EDM measurements, Eifrom non-refractory components
plus BC) neither any general conclusion whetheos@mass concentrations are higher at the
city centre or in the suburb, nor whether Pdbncentrations are elevated during any of the
two different seasons, can be drawn. In the 2018paign total PM mass concentrations
were more than doubled at the suburban comparttetarban location, whereas in the 2014
measurement PMconcentrations were increased by a factor of i.4eatral Rome. As
discussed above, changes in meteorological conditave likely one explanation for this
result: During DIAPASON2013 meteorological conditso favoured the accumulation of
pollutants, whereas the dilution of pollutants wésvoured during the POPE2013
measurement period; during DIAPASON2014 and POPEZIKE and BLH were rather
similar leading to comparable pollutant dilutiorfieets during the two measurement periods.
BLH were increased by around 75 % during May/Jwregared to Oct/Nov 2013, leading to
stronger dilution capacities in general. In additim meteorological conditions (e.g. solar
radiation, BLH, TKE, air mass origin, etc.) locat guality can be strongly influenced by
local emission from various sources (traffic, comkibiomass burning). A strong influence of
meteorological conditions (air mass origin) on quality was also observed during the
MEGAPOLI campaign in Paris in July 2009, where &hdns in secondary aerosol

concentration mainly were attributed to such reagéreutel et al., 2013).

4.2 Aerosol sources: identification and characteris ation

In this section the various aerosol types and ssumhich were identified from the data
obtained during the DIAPASON and POPE measuremamipaigns in 2013 and 2014 are
discussed in more detail. Each identified aerogpé twas characterized in an attempt to
determine its contribution to total particulate mad its seasonal and spatial variability.

Furthermore, the potential origin of the identifaerosol types is discussed.
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4.2.1 Saharan dust

During each DIAPASON field campaign one dust adeecevent lasting for several days
was observed. The identification of the dust evevite dust reaching down to the ground
was based on dust forecasts provided by the SKIR®@Nel (Kallos et al., 1997) and on co-
located polarisation LIDAR-ceilometer measuremerfSian Paolo Gobbi, personal
communication). PIXE analysis of 1-hour filter sdagpconfirmed a significant increase of
mineral dust concentrations at ground level dutimg identified dust periods (Silvia Nava,
personal communication 2016). Table 5 providestithe intervals of “dust” and “no dust”

(i.e. background with respect to dust advectionsyiogs for DIAPASON2013 and

DIAPASON2014. Based on these, estimations regartli@egontribution of dust to PM levels
were made by calculating the coarse particle foacPMy.2.9 from EDM measurements for

the respective periods (Table 5).

During DIAPASON2013 a Saharan dust advection pevieg observed from October 29
(5 pm) until November (8 am) with PMg., sconcentrations at ground level being increased
by 78 % with respect to background conditions. TBtd;, concentrations were elevated by
68 %, with 68 % and 70 % of mass belonging to, BMring the background and during the
dust event periods, respectively. This increasabisolute PN with a slight increase in the
fraction of PM during the dust advection compared to backgroumniditions was also
reflected in the particle size distributions (F3gblack traces The dust event was forecasted
by the BSC-DREAM8b model (Basart et al., 2012; Pereal., 2006a; Perez et al., 2006b)
and also HYSPLIT (Stein et al.,, 2015) back trajges showed dust transport from the
Sahara with main dust sources located at 30-33tWwees Morocco (Saharan Atlas) and SW
Tunisia (Erg Oriental), in the period 26.-28.10.20thoving along an anti-cyclonic pattern.

During DIAPASON2014 a dust event was observed fiday 2d" (1 pm) until May 28
(9 am). Here, the coarse particle fraction (g was increased by 180 % compared to the
“no dust” interval with much smaller fractions ofnticle mass in PM(31 and 48 % in the
“dust” and “no dust” periods, respectively). Thentidution of dust to the coarse particle
fraction with almost no contribution to the subroicrfraction is reflected in the difference
particle mass size distribution (Fig. 3, bottom gdared trace), which shows maximum mass
concentrations for aerodynamic particle diametemirad 2 um and smaller contributions
extending down to ~600 nm and up to more than 10pgarticle diameter. Comparing both
dust events in terms of particle sizes, the coutidim of the dust advection event during
DIAPASONZ2014 was characterized by a broad partidess size distribution with maximum
13
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concentrations at particle sizes around 2 um, vélseir 2013 two modes (with maxima
around 0.6 um and 3 um) were observed. Both the-BREAM8b model and HYSPLIT
back trajectories showed dust transport from thiea&ato occur between 19.-22.05.2014
along a cyclonic pattern, with dust originating (asOctober 2013) at 30-35N between
Morocco (Saharan Atlas) and SW Tunisia (Erg Orignta

With regard to the coarse particle mode (b4 the dust event during DIAPASON2014 was
more distinct. In terms of absolute PMoncentrations, higher concentrations at grouwnel le
were reached during the dust advection measuradgd@APASON2013. However, with
respect to the “no dust” conditions, mean contidng of approximately 10 pg tdust to
PM;o concentrations were observed during the campaighsth years, which is lower than
the mean increase of RMin the order of 12-16 ug thobserved by Gobbi et al. (2013)
during dust advection events in the period 200142@uring both advection events legal

PMy limits of the European Union (daily mean valueés6fuig n’) were not exceeded.

AMS data were investigated for potential impactSaharan dust advections on the chemical
composition of non-refractory submicron particl€sgure 4 presents the mean chemical
composition of non-refractory PiMmeasured during “dust” and “no dust” periods fothb
DIAPASON campaigns. Only in 2013 minor differendesabsolute mass concentrations
were observed, consistent with the slight incredseibmicron particles observed in the mass
size distributions during this dust event (Fig.b®itom panel, black trace). However, the
relative composition remains the same for bothqualsrin both years. This result suggests that
there was no significant influence of the dust atiee on the chemical composition of the

submicron non-refractory aerosol fraction.

In order to cross-check whether differences in orelegical conditions could have biased
these results, and e.g. could have compensatedhtorges due to the dust affecting non-
refractory PM, averages of meteorological variables were caledlfor “dust” and “no dust”
periods. The only slight differences found betweist events and background conditions
were in local wind directions (SE compared to Si8R2013, and SW compared to SSW in
2014) and (in 2013) in wind speeds ((1.4 + 0.7)heampared to (2.0 + 1) m's Since these
differences are only very minor, we conclude that observation of comparable chemical
composition of non-refractory PMduring “dust” and “no dust” periods was not causgd

any compensating effects.
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4.2.2 Secondary and aged aerosol: seasonal influenc e on formation processes

and chemical composition

Seasonal variations of the characteristics of s#agnand aged aerosols were identified by
investigating new particle formation events andtiple chemical composition measured
during both POPE and DIAPASON campaigns in Oct/R0Y3 and May/June 2014.

New particle formation:

Diurnal cycles of size-resolved and total partiddlember concentrations (PNC) for the
Oct/Nov 2013 and May/June 2014 campaigns (FigeBgaled several seasonal differences.
During measurements in Oct/Nov 2013 (Fig. 5, leftgls), elevated PNC were only observed
during rush hour times in the morning and the ewgnivhereas in the measurements in
May/June 2014, an additional PNC peak occurred vethmaximum around 1-3 pm
(DIAPASON2014) and 2-3 pm (POPE2014), respecti¥Ely. 5, right panels). At the urban
site (Fig. 5, bottom panels), PNC after the mormiagh hour remain at an elevated level,
likely because of increased background concentraitihue to generally higher traffic density
in the city centre. PNC were generally higher i@ @ct/Nov 2013 than in the May/June 2014

campaigns, as discussed in Sect. 4.1.

Mean particle number size distributions for theigeiof maximum PNC at midday (Fig. 6;
“nucleation”; solid traces) show a distinct modesatall particle diameters between 7-15 nm
for both May/June 2014 campaigns (also visible ig. B, right panels) compared to the
number size distribution measured between 10-1XFam 6; “background”; dashed traces).
Such occurrences of ultrafine particles at middafien concentrations of particles from
traffic are at a relative minimum and thus not oesible for strongly increased PNC, have
been attributed before to new particle formatioarabteristic for urban areas with high solar
radiation (Brines et al., 2015; Minguillon et &015; Reche et al., 2011). During POPE2014
an additional mode at larger particle sizeg @pproximately 15-50 nm) was found in the
particle size distribution measured at midday (Fj. probably originating from increased

background levels.

During POPE2014 diurnal cycles of mean (grey) aratlian (black) PNC agree very well
with each other, also during the midday peak (B)g.This reflects the observed low day-to-
day variability during this period for the measussts in central Rome, wherein the
corresponding PNC time series a midday peak wasrebd on every single day. Local
smoking activities (see Sect. 4.2.5) at the cerR@he measurement location seem not to

15



Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-664, 2016 Atmospheric
Manuscript under review for journal Atmos. Chem. Phys. Chemistry
Published: 5 August 2016 and Physics

(© Author(s) 2016. CC-BY 3.0 License.

A W N P

© 0 N o O

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33

Discussions

have biased these results, since no differencediumal cycles of PNC for weekdays
(smoking activities) and weekends (no smoking &@s) have been found. This suggests
that the formation of new particles around middagwaking place every day at central Rome

during the May/June 2014 measurement period.

Conversely, the diurnal cycle of total PNC measutedng DIAPASON2014 shows a clear
discrepancy between mean and median values duhiegntidday peak (Fig. 5). This
discrepancy is due to the fact that new partickenfgion events did not occur on all days,
probably induced by different meteorological coiwfis and/or differences in pre-existing

particle surface areas (e.g. Kulmala and Kermigeng).

To test whether particular meteorological condgiotan promote/suppress new particle
formation events, “nucleation” and “non-nucleationtiays were classified for
DIAPASON2014 by comparing PNC measured during 10afri (background conditions,
PNG,y) and during 11 am - 4 pm (typical nucleation pasioPNG.) (Table 6). This
classification was cross-checked by verifying ifridg classified nucleation days a clear
increase in PNC at small particle diameterg {25 nm) could be observed in the particle
number size distributions, and whether it was mggsin classified non-nucleation days. Only
one potentially falsely classified nucleation d&y.05.2014) was found by checking these
criteria, and was moved to the class of non-defidags. The classification resulted in six

nucleation days, six non-defined days and two nacieation days.

Mean values for the time period 10 am to 4 pm (mwticle formation period plus one
previous hour) were calculated for each day andaaesl according to the above-mentioned
classification for the DIAPASON2014 campaign. Tablésts PNC of the classified periods
and variables potentially supporting new partiatenfation. A slight trend of increased
temperature, solar radiation and ozone levels antbw relative humidity characterizes
nucleation days compared to non-nucleation daysramddefined days. This is consistent
with previously reported association of high sakdiation (Pikridas et al., 2015; Shi et al.,
2001), low relative humidity (Kulmala and Kerminer2008) and increased ozone
concentrations (Harrison et al., 2000) with newtipkr formation events. No relationship
between the occurrence of new particle formatiod #re presence of Saharan dust was
observed. Different to the findings of Zhang et(2004), no increase of sulphate, ammonium
and nitrate concentrations was observed in our oneagents during periods with new
particle formation events. Estimations based onsdize distribution measurements during

DIAPASON2014 reveal that less than 1 % of £ddn be assigned to particles generated by
16
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new particle formation. Therefore, it is not susprg that no significant influence of the
particle formation events on the AMS-measured champarticle composition could be

observed.

In summary, our data do not provide sufficientistatal evidence to unequivocally determine
the driving factors for new particle formation. Hever, since indications for such were only
observed in the warmer season at both locations,pitobably linked to higher temperatures
and stronger solar radiation. Similar results werbtained from the MEGAPOLI
measurements in Paris, where new particle formatias only observed during summer
(Pikridas et al., 2015). During the May/June 20&mpaigns, new particle formation events
occurred roughly on 43 % of the measurement daybeasuburban location, but on each
single day at central Rome, potentially due to eased concentrations of precursors and
higher prevailing mean temperatures (Table 3). long-term measurement study performed
by Costabile et al. (2010) the occurrence of agedeation mode particles (up to 30 nm) was
observed predominantly in spring in the area of B@na regional background site (located
more remotely than the Tor Vergata site) in thdyesfternoon (3 pm) when the measurement
site was located downwind of Rome (Brines et alQ15). In contrast, during
DIAPASON2014 measurements, no dependency betweateation events and wind
direction was observed, and the site was not ldcd@vnwind of Rome during nucleation
periods. At this measurement location, probablg le®cursors are available than in central
Rome, but more precursors than at a remote reglmatdground site such as in the study of
Costabile et al. (2010). This probably facilitatemw particle formation events in the direct
vicinity of the site under favourable meteorologjicanditions, but independent of advection

of air masses from central Rome.
Secondary and aged aerosol:

Because of extremely low mass contributions fronstfhe formed particles to total particle

mass, new particle formation had no influence ome theasured total organics mass
concentrations. However, a general seasonal differén the composition of the oxygenated
organic aerosol (OOA) as determined in the PMF yaimlwas found, as discussed in the

following.

OOA, an aerosol type with increased oxygenatioellaypically dominates the OA fraction.
It is assumed to be mainly formed in the atmosphioen gaseous biogenic and

anthropogenic precursors by photochemical oxidattbos indicating SOA. Additionally,
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some OOA may originate from atmospheric aging ofAPGenerally, aging processes are
reflected in an increased degree of aerosol oxiddtlimenez et al., 2009) leading to a larger
fraction ofm/z44 (CQ") in the aerosol mass spectra, generated by thefetaimposition of
carboxylic acids in the AMS (Ng et al., 2010). Atilolhally, a prominent peak in OOA mass
spectra occurs an/z 43 (GH;" and GHsO"). Under conditions where sufficient freshly
oxidised organic aerosol is available in the amb#&n PMF can separate the OOA into two
factors associated with mass spectra containirfgrdift relative fractions af/z44 andm/z
43 (f44 and f43, ratio ah/z44 andm/z43 signal, respectively, to the total signal ajamics):

(I) A less oxidised, fresher, more locally producsini-volatile OA (SV-OOA) associated
with higher f43, and (ll) a stronger oxidised, marged low-volatile OA (LV-OOA)
associated with higher f44 (Ng et al., 2010).

During our measurements the relative contributib®®A to total organics varied between
42-76 %, with a slight increase during the warmiqae(Fig. 2). However, the main seasonal
difference was found in the composition of the O@&Action. During the Oct/Nov 2013
campaign only one type of OOA was found, whereasMay/June 2014 PMF analysis
resulted in two OOA-factors: SV-OOA and LV-OOA. Shibservation is typical for
conditions with higher temperatures and strongéarsadiation, associated with increased
photochemistry (Jimenez et al., 2009), which enbascondary aerosol formation and aging
processes and therefore facilitate the separatio@@A into fractions of different aging
levels. Similar observations were made during tHEMPOLI measurements in Paris, where
only one factor describing OOA was identified innwr (Crippa et al., 2013a), whereas
during summer SV-OOA and LV-OOA could be separé@rppa et al., 2013b).

The ratio of f44 to f43 gives an indication on thean aging level of the aerosol (Fig. 7; Ng
et al., 2010). LV-OOA (from DIAPASON and POPE 201dd markers) and OOA (from
DIAPASON and POPE 2013, green markers) fall ine ghme region in the f44 vs. f43 plot
(Fig. 7), indicating similar aging stages. SV-OCifofn DIAPASON and POPE 2014, blue
markers) shows a much higher fractionnofz 43 together with a decreaseuz 44 fraction,
which suggests a low-oxidised, less aged partigle.tAlso the recombined “LV-OOA+SV-
OOA” (black markers in Fig. 7) shows a strongertdbation of f43 compared to OOA,
indicating an overall higher fraction of less osielil organic aerosol in the warmer season.
We assume that LV-OOA (and OOA) is mainly adveaad consists of strongly processed

material, whereas the low oxidation level of SV-O@4ggests a fresh, more locally produced
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aerosol which was quickly formed from regional pmsors as a consequence of increased

photochemistry during this season.

This hypothesis is tested by the use of polar pletsch connect species concentration with
information on local wind direction and speed, &igr indicating the origin of a certain type
of aerosol (see Sect. 3.1). Figure 8a shows thmuca@loded concentration of SV-OOA, LV-
OOA, NO; and SQ depending on wind direction and speed obtainedinguthe
DIAPASON2014 measurements. SV-OOA concentratiores iacreased during low wind
speed conditions, indicating nearby, no-buoyanceirces. In contrast, LV-OOA
concentrations are almost independent of wind spe&tth only slightly increased
concentrations during periods of high wind speetth\wiainly south-westerly wind directions
(direction of Tyrrhenian Sea). This suggests thetQOA is not associated with sources
located in the vicinity of the measurement site, Ibong-range transported to the site e.g. over
the ocean or from central Europe. The polar plaratteristics of Ng which is often used as
a tracer for semi-volatile aerosol (DeCarlo et @D10; Lanz et al., 2007), show strong
similarities to the ones of SV-OOA (Fig. 8a). AIS@, and LV-OOA show polar plot patterns
similar to each other (Fig. 8a), confirming the reweristics of an aged, regionally
transported aerosol.

The polar plot of OOA obtained for DIAPASON2013 sls0increased concentrations
particularly during periods of north-easterly, a$o during south-westerly wind directions
(Fig. 8b). During conditions of low wind speed, OO¢oncentrations are increased
independent of the prevailing wind direction. Imtrast to the findings for DIAPASON2014,
for this data set similar polar plot charactersts for OOA were observed partly in the plots
of NOs, NH; and SQ (Fig. 8b). Elevated NiHand SQ concentrations were mainly measured
during times with south-westerly wind direction, evbas N@ was rather advected from
north-easterly direction. Based on the polar pharacteristics no consistent trend indicating
the aging level, the source or the formation precafsthe OOA fraction can be observed,
consistent with the assumption of advection of thamaged type of OOA together with

different amounts of N¢) SQ, and NH, depending on air mass history.

4.2.3 Particles from biomass burning

The type of primary organic aerosol at Tor Vergdentified from PMF analysis which had
the largest share during both measurement pericas agtributed to biomass burning
19
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(biomass burning OA, BBOA). BBOA was identified bgmparison with the time series of
known ion fragments of levoglucosanstGO," (m/z73) and GH4O," (m/z60); Schneider et
al., 2006) and by correlating the BBOA mass spewafith those presented by Mohr et al.
(2012). With Pearson’s R= 0.57-0.59 rather poor correlations were obtainetich
demonstrates the complexity and the potential tiaria of the BBOA mass spectra due to
aging processes and differences in source procésseslifferent burning conditions or fuels;
Weimer et al., 2008). The mean BBOA mass concéotravas 1.28 pg i (24 % of total
OA) during Oct/Nov 2013 and 0.82 ug>n{18 % of total OA) during May/June 2014,
respectively (Fig. 2). Increased BBOA concentratidaring the colder season probably result
from stronger agricultural burning activities (gne@aste burning) and domestic heating, as
well as from lower boundary layer heights. In theeréng of 25.10.2013 during a strong,
visually detectable biomass burning event, whicbldde related to green waste burning in
the nearby Alban Hills, maximum concentrations &@A were obtained (up to 75 pgin
This event was used during the identification & BMF solution: Only a factor including this

event could be considered to be attributed to bgsntairning emissions.

The origin of BBOA emissions was further investeght by relating BBOA mass
concentrations to local wind direction and spee@ Sect. 3.1). The resulting polar plots (Fig.
9) indicate BBOA particles mainly arriving from gbeeasterly directions during
DIAPASON2013. During this measurement period adpcal fires were frequently observed
in the Alban Hills (Frascati vineyard area), white located in this direction. Additionally,
BBOA was observed during conditions of north-edgteinds and higher wind speeds (up to
4 m $%, possibly resulting from residential wood burniiiga densely populated urban
periphery area (Borghesiana). The polar plot of BB@Gbtained from DIAPASON2014
measurements does hardly point to any prefereditie¢tion of BBOA origin. Since elevated
BBOA concentrations were mainly reached during Wawd speed conditions, emission from
rather local sources is suggested.

BBOA was not identified in the measurements indhyg centre of Rome, even not in PMF
solutions with a large number of factors (8). Sigeeen-waste burning and domestic heating
with biomass are forbidden in central Rome, biontagsing related particles are probably
not emitted in the local environment. However, ttentribution of biomass burning and
domestic heating to the urban air pollution of Ro(eepecially during winter time) was
reported by Gariazzo et al. (2016). Apparently,iryiour measurements in late spring and

autumn the contribution of particles emitted outsttie suburban area is too small to be
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identified with PMF and/or aging processes durimg transport of the particles lead to a loss
of the BBOA fingerprint (Bougiatioti et al.,, 2014)Also during the MEGAPOLI
measurements in Paris emissions from biomass lguméme identified in the organic aerosol
fraction (Crippa et al., 2013a). In contrast to oueasurements, in Paris BBOA was only
found during the winter time campaign (Jan/Feb},diso0 at the measurement location in the

city centre, probably generated by local domestiodvburning (Crippa et al., 2013a).

In summary, the results from both DIAPASON measwets show that particles from
biomass burning significantly (18 — 24 % of totah)ontributed to local air pollution in the
suburban area in late autumn as well as in lategpAgricultural fires and possibly wild
fires probably are their most important sourcesgesiheating activities are assumed to be

quite low at these times due to the moderate tesmtyper conditions (Table 3).

4.2.4 Emissions related to traffic and cooking acti  vities

At both measurement locations, during both seapanticles from traffic- as well as from

cooking-related emissions were detected.

Indications of traffic-related emissions can benfdun several measured variables showing a
distinct diurnal pattern with peaks during the niognand evening rush hours. The time series
and diurnal pattern of HOA (hydrocarbon-like orgaaerosol), a PMF factor that is typically
associated with traffic emissions, show good ageggwith the respective patterns of species
like BC, NO, and PAH (diurnal cycles: 3R> 0.85) for all four campaigns. Also correlatiamfs

complete campaign time series of HOA with BC resujood agreements {R 0.7).

In the diurnal cycles of HOA seasonal and spatitiernces can be observed (Fig. 10).
Independent of season and measurement locatioorepgak occurs during the morning rush
hour and a broader peak starting during the evenish hour. During all field campaigns
except DIAPASON2013, HOA concentrations remainéased throughout the night. Thus,
the exact period of the evening rush hour cannatléearly isolated. These differences in the
shapes of the HOA peaks in the morning and evenish hour are mainly controlled by
boundary layer dynamics together with the diurnadle of traffic-related emissions (rush
hour times). A seasonal difference is observechenHHOA evening rush hour peak, which

peaks around midnight during May/June, but arow@pm during Oct/Nov. This shift and
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the broadening of the HOA peak in May/June 2014risbably driven by the different

boundary layer dynamics during the two seasons.

For both measurement years a time shift of the mgmpeak between Tor Vergata and central
Rome (later by about one hour) can be observed:eSimilar diurnal temperature profiles
measured at the suburban and the urban locatiogestialso similar boundary layer
dynamics at the two sites, the observed shift pbssesults because traffic starts in the
suburbs earlier in the morning and continues sldetyards the city centre. In contrast to our
observations, from BC measurements during the MEGIARBummer campaign in Paris no
distinct shift of the morning rush hour peak wase®ed between the two suburban and the

urban measurement locations (Freutel et al., 2013).

Mean HOA mass concentrations for the individual soe@ament campaigns range between
0.59 - 0.93 pg M. During the 2013 measurements (Oct/Nov) similancemtrations were
obtained at the suburban site (0.76 + 1.04 |iY) and central Rome (0.71 + 0.72 ugm
whereas in 2014 higher concentrations were reaahegntral Rome (0.93 + 0.73 pgmn
compared to the suburb (0.59 + 0.60 ug)mOverall, the contribution of traffic-related
emissions (e.g. HOA, NQPAH) to local air pollutant levels was higherdentral Rome, as

already discussed in Sect. 4.1.

A factor associated with cooking emissions, COAoking OA), was obtained by PMF
analysis of the OA measured at both locations amihg both seasons. The COA mass
spectra show prominent peaksnatz41 and 55 (Allan et al., 2010; Lanz et al., 208@) a
smaller contribution ofm/z60 and 73 (Mohr et al., 2009). Our COA mass spextrrelated
well with those found by Faber et al. (2013) anchiet al. (2012) with R= 0.63-0.93.

The COA diurnal cycles observed at central Romg. (EL, upper panel) are consistent with
results from previous studies (e.g. Allan et aD1@ Mohr et al., 2012) showing highest
concentrations in the late evening (around 10 pnd) @ smaller peak around midday (2-3
pm). This pattern is generated by a combinatiorsmirce strengths and boundary layer
dynamics, with typically increased boundary layeight during lunch time compared to

dinner time.

In contrast, diurnal cycles of the COA factors meead at the suburban location in 2013 and
2014 (Fig. 11, lower panel) both show a peak in #aening, but only during
DIAPASON2014 a slight and barely significant COAncentration increase was observed

during lunch time. This could be due to an insifit separation of the COA and HOA factor
22
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during PMF analysis, which is also demonstratedthe COA “morning peak” of the
DIAPASON2014 measurements. However, the missingdayidpeak also reflects the
generally low abundance of cooking-related OA atghburban measurement location: while
there are strong cooking activities and a largendbnce and closeness of restaurants around
the central Rome site, potential sources in the eédiate vicinity of the suburban site are

scarce. At a distance of around 250 m from our toadng site, a cafeteria served hot meals

N o 0o B~ WO N P

for lunch, but apparently, our measurements wetetnongly affected by its emissions.

(o]

Consistently, absolute mass concentrations of ogpiélated emissions were higher at the
9 central Rome site (0.70 + 1.00 ug*n0.65 + 0.69 pg Min 2013 and 2014, respectively)
10 compared to the suburban measurement location @50 pg nt, 0.53 + 1.29 pg ).

11 Ranging between 8-29 % of the total OA concentratiocooking activities contribute
12 significantly to (sub-) urban air pollution. Durimgeal times the contribution of COA to total
13 organics can be very high: For example during lgliciner times at central Rome, COA
14  contribution to total organics was 35 %/53 % (POPEX} and 9 %/25 % (POPE2014),
15 respectively. Similar observations were made duttirgMEGAPOLI winter measurements in
16 Paris, where COA contributed on average 11-17 %otal OA (up to 35 % during lunch
17 times) (Crippa et al., 2013a).

18

19 4.2.5 Cigarette smoking emissions

20 For both POPE campaigns in central Rome PMF arsalysithe organic aerosol fraction
21 resulted in a factor which could be associated witjarette smoke (CSOA; excluded from
22 Fig. 2). This was not very surprising, since ciggremoking took place in the direct vicinity
23 of the measurement location. The mass spectra @AC8om both years show good
24  correlation with each other R 0.7; Fig. 12). Very characteristic for the CS®pectra is a
25 peak atm/z84 from GHioN* (Fig. 12). This ion i{-methylpyrrolidine) is typically observed
26 in El mass spectra of nicotine (NISHttp://webbook.nist.ggvlast access 09.05.2016) and is

27 generated by cleavage of the nicotine molecule iwim heterocycles (Jacob Il and Byrd,
28 1999). Since nicotine is one of the most abundartiqulate compounds identified in
29 cigarette smoke samples (Rogge et al., 1994)ratgnfents are suitable tracers for cigarette
30 emissions. While cigarette smoke-related aerosal Iteen found in AMS measurements
31 previously(Faber et al., 2013; Frohlich et al., 2015) and also the detection of nicotine from

32 cigarette smoke was mentioned (Jayne et al., 2@0®)ur knowledge, the identification of

23
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the nicotine fragmenN-methylpyrrolidine from analysis of HR-ToF-AMS daits reported
here for the first time. The time series a¢HgN" was used during the evaluation of the PMF
results as tracer for CSOA, yielding good corretasi (R > 0.9) with the time series of
CSOA.

The CSOA mass spectra from both POPE campaigns skasonable to very good
agreement with CSOA mass spectra reported by Fetbal (2013) (0.65<&0.96). Some
differences are observed between the mass spdatmed for POPE2013 and 2014 in the
relative fraction of C@ and its related ions, which also affects the olesielemental ratios
(Fig. 12). This results in a potential error in GS©oncentrations of less than 10 % and
probably is due to a PMF artefact and/or insuffitieorrection for gas phase €O
Comparison with mass spectra of cigarette smokeirdd in the laboratory (Faber et al.,
2013) show a contribution of GOmore similar to the POPE2013 measurements. Further
laboratory work in order to obtain more robust seuspectra is needed to better constrain the
expected f44 in CSOA mass spectra. Due to the fe@nsity of the N-containing ions and a
conservative selection of ions which were fittedhie mass spectra reported by Faber et al.
(2013), the nicotine fragment §8:0N") was not observed in their measurements of cigaret
smoke. However, after re-analysis of the mass sp&dth integration of the £&1;0N" ion in

the fitting procedure, a contribution of the nicatitracer ion is clearly visible (Peter Faber,

personal communication).

Also the time series of mass concentration of tB©®& factor clearly support its attribution
to cigarette smoking emissions. The diurnal cyélthe CSOA factor strongly correlates with
typical working hours at the measurement locatind with the diurnal cycle of the marker
fragment GHiN* (R = 0.98 for POPE2013 and POPE2014), exemplarilywshéor
POPE2014 in Fig. 13 (top). Averaged CSOA mass curaiions for each day of the week
(Fig. 13; bottom) show distinct differences betweaeorking days and weekend, when the
administration of the hospital where the measurgésnok place was closed, supporting the
attribution of this PMF factor to locally emittedSOA. Very similar observations were made

during the POPE2013 measurements.

Particles from cigarette smoke contributed 9-24 04624-0.76 pg i) to the total organic

aerosol mass measured at the location in centraleRblo indications for cigarette emissions
were found during the DIAPASON measurements. Th&ult shows a potentially strong
influence on air quality in the direct environmerftsmokers, like it was also observed by

Faber et al. (2013) and Frohlich et al. (2015).c8im our measurement, CSOA is mostly
24
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produced close to the measurement location (iae,be regarded a local contamination), it

was not included in the previous analyses of oaarosol composition (see Sect 4.1).

CsHioN" as a potential CSOA marker iofihe ion GH1oN™ was further investigated in order
to assess its applicability and limitations asazér for cigarette emissions in AMS data sets.
While the nicotine fragment ion sB10N" (m/z 84.08) seems to be unique to cigarette
emissions, the proximity of the iongldsO" (Mm/z84.06) and gH1," (M/z84.09) in the mass
spectra causes interferences, since the mass tiesobi the instrument (R= 2000 in V-
mode) is not sufficient for completely separatihg tndividual ion signals. Mass spectra of
the primary organic aerosol PMF factors (HOA, CABOA) which are not related to
cigarette emissions (“PQécsoa) show significant contributions (0.2 to 0.7 % tdtal
organics mass spectral signal) of the iogdD" and GH1»', leading to an artificial increase
of the nicotine tracer ion signal. In contrast, @DA mass spectra the contribution of these
ions is comparatively low (0.1 % of total organizsss spectral signal), which is why a

potential interference of OOA was neglected inftll®ewing considerations.

AMS measurements performed during DIAPASON2013 BWPASON2014, which are
assumed to be not influenced by local cigarettessions, were used to quantify the
concentration-dependent influence of R@Aoa on the nicotine tracer ionsB:;oN* due to
fitting interferences from the neighbour iongHgO" and GHi»'. A linear relationship
between @H1gN™ and POA.csoaWas observed for a PQéssoaconcentration range of 0-10
g m>. Using the mass contribution ofi@iN* to the total CSOA mass spectra (Fig. 12;
1.8% and 1.9 % for POPE2013/2014, respectively®, ¢orresponding ion signals were
converted into CSOA detection limits. It was foutheét, under conservative considerations,
CSOA concentrations of at least 10 % of R@Aoaare needed in order to exceed detection
limits. During conditions of negligible PQéesoa concentrations, a CSOA detection limit of
80 ng nt® was estimated.

Based on these estimations, it can be concludedCiN" is a suitable nicotine tracer ion
for HR-AMS measurements which are influenced byalatigarette emissions (i.e., CSOA
larger than 10 % of PQ#Acsosd and can be used to estimate CSOA concentratiorie o
identify a CSOA factor from PMF analysis. Urban kground concentrations of cigarette-
related particles in the range of 1 % of RMes reported by Rogge et al. (1994), however, are
below the estimated CSOA detection limits. Thisstdl true when considering typical
contributions of OOA to total organics (~50 %) afdOA to PM, (also ~50 %), leading to a

CSOA detection limit of around 2.5 % of RMIn order to identify cigarette smoke
25
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contributions in the order of 1 % of RMhigher mass spectral resolution is needed tdlee a
to separate the nicotine tracer ion from its netgliimg ions. Nevertheless, the fitting of
CsHioN* at m/z 84 could be worthwhile for HR-AMS data sets whiale potentially

influenced by cigarette-related particles. In fetwork, it should be investigated how aging

processes affect the appearance of this markenithe mass spectra.

5 Summary and conclusions
Intensive field campaigns have been performed du@ct/Nov 2013 and May/June 2014,
each time consecutively at two locations (suburl@nan) in the area of Rome, enabling the

study of seasonal and spatial differences of atesgbtrace gas characteristics.

During both years at the suburban location an imphadvected Saharan dust on flévels
was detected. With respect to background conditimmtseases of PM by 68 % (2013) and
100 % (2014) were measured, corresponding to ageshgolute increases of about 10 ug
m. No influence of the dust occurrence on the ndractory PM chemical composition was

found during the advections.

At both locations, during the Oct/Nov measuremaitsgjuality was more strongly influenced

by primary emissions (e.g. BC, NOPAH) with generally increased particle number
concentration (PNC), whereas during May/June thetrikmtion from secondary particles

(sulphate, aged OA) and ozone was more importdat during May/June 2014, new particle
formation was frequently detected around middayilevim the colder season no distinct
increase of PNC took place outside typical rushrhtmes. The consequence of higher
temperatures plus stronger solar radiation was\atble in the SOA-related fraction of the

organic aerosol: During the warmer season two tygfe®OA (less oxidised, fresher SV-

OOA and strongly oxidised, older LV-OOA) were idietd, while during the colder season

only strongly oxidised OOA was found.

Typical tracers for anthropogenic emissions {000, PAH, HOA, COA) were increased at
the urban measurement location. However, absobrteantrations of POA were higher at the
suburban location, due to a strong contributiormfrbiomass burning OA, which here
accounted for 1.28 pg ™(24 % of total OA) and for 0.82 pg(18 % of total OA) in

Oct/Nov 2013 and May/June 2014, respectively. Ttarge degree this was related to
agricultural waste burning in the surrounding araad during Oct/Nov2013 potentially also

to residential wood burning in the urban periphery.
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Cooking- and traffic-related aerosol was observeoth locations during both seasons. The
diurnal cycles of HOA (traffic-related OA) alway®aked during rush hour times. A time
shift in the morning rush hour peak between theughdn site and central Rome was
observed, likely as a consequence of traffic pregjrg from the suburbs to the city centre.
HOA accounted for 0.59 to 0.93 pug°nil3 to 29 % of OA) at the different locations and
seasons. COA, as an indicator for cooking actijtshowed maximum concentrations during
lunch and dinner times at central Rome, wheredlseasuburban location only during dinner
times distinct peaks were observed. Average COAsrnascentrations of 0.45 to 0.70 ug m
(8 to 29 % of OA) were found, with higher concetitias observed at central Rome
compared to the suburban location (2013: +50 %42823 %), as expected due to the higher
density of related sources.

A type of OA related to nearby cigarette emissi(@SOA) was detected at central Rome,
and found to strongly correlate with a characterisicotine fragmentN-methylpyrrolidine,
CsH1gN™) at m/z 84 in the mass spectra. This ion could serve sisitable tracer for locally
emitted cigarette smoke also for other datasetsveder, in order to identify CSOA based
solely on this tracer ion, CSOA must account foleast 10 % of the sum of COA, HOA and
BBOA, due to interferences of neighbouring ion sigrfrom these POA types. In the absence
of those, a detection limit of 80 nghwas found for CSOA. These findings imply that the
resolution of the HR-AMS is not sufficient to idégturban background contributions of
cigarette emissions (~1 % of RMRogge et al., 1994) based solely gGN*, while fitting

of this ion could be worthwhile for HR-AMS datasethich are potentially influenced by

nearby cigarette emissions.

During our measurements sub-micron aerosol origigarom sources in the metropolitan
area of Rome and particles being advected fromidmitédust periods were excluded)
contributed 42-70 % and 30-58 % to total measurl®l, Respectively. Thus, during our

measurements approximately half of the locally mess PM was “home-made”.

While for individual aerosol types clear spatiadaemporal characteristics were observed
and can be understood, no general conclusion cadrd&n whether total aerosol mass
concentrations are generally higher at the suburthe city centre. Instead, consistent with
observations made in the area of Paris (Freutal.eR013), it was found that aerosol levels
strongly depend on the combination of meteoroldgioaditions (e.g. origin of air masses,

dilution capacity within the boundary layer) andtstbutions of secondary aerosols and local

emissions.
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1 Table 1. Summary of measurement campaigns and nesasat periods.

Campaign name  Measurement location  Classification easvdrement period

DIAPASON2013 Tor Vergata Urban background 23.10.-07.11.2013
POPE2013 Central Rome Urban 07.11.-14.11.2013
DIAPASONZ2014 Tor Vergata Urban background 20.05. — 04.06.2014
POPE2014 Central Rome Urban 04.06. —17.06.2014
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Table 2. Summary of the instruments deployed in Maluring all measurement periods,
together with measured variablesy: [particle diameter (defined according to individua

instrumental measurement method: optical, aerodigyammobility diameter).

Instrument Measured variable

Chemical composition of PM
Aerosol mass spectrometer (HR-ToF-AM! Organics, sulphate, nitrate, ammonium,
chloride (non-refractory) mass concentrations
(Dp =~ 70—-800 nm)
Multi  Angle  Absorption Photomete Black carbon (BC) mass concentration

(MAAP)
PAS2000 Particulate PABImass concentration
Physical aerosol properties
Condensation particle counter (CPC) Total number concentration g 2.5 nm)
Fast mobility particle sizer (FMPS) Size distribution ([p = 5.6 — 560 nm)
Optical particle counter (OPE) Size distribution (= 0.25 — 32 pm)
Aerodynamic particle sizer (APS) Size distribution (= 0.5 — 20 um)
Environmental Dust Monitor (EDM) Mass concentration of PMPM, 5, PMyg
Trace gas mixing ratios
Airpointer NO,, NO,, NO, SQ, CO, Q
LI-840 H20, CG
M eteor ology
Meteorological station Wind direction, wind speed, temperature,

pressure, solar radiation, precipitation,

relative humidity

2 Polycyclic Aromatic Hydrocarbons
® No data collected during DIAPASON2014.
¢ wind direction, wind speed and solar radiatioradait useable during POPE measurements.
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1
2
3

Table 3. Summary of selected variables measurethgPIAPASON (Tor Vergata) and

POPE (central Rome) in 2013 and 2014. Values reptestal campaign averages, calculated

from 5 min averages, and their standard deviati/i: not available.

DIAPASON2013 POPE2013
(Oct/Nov 2013) (Nov 2013)

DIAPASON2014 POPE2014
(May/June 2014) (June 2014)

Temperature / ° C

Rain®/ mm

Pressure / hPa

176 +2.9

46.3 (5)

1004 £ 7

Solar radiation® / 103 +26

W m?

Rel. humidity / %

78 +11

wind speed/ ms 1.9+1.3

Daily BLH ° max. / 850 + 220

m
TKE %/ J kg*

PMlo / ug m3

PMlo_zlse/ Hg m'3

PM; / pg m®

PNC /16 cm?®

NOx / ppb
COz/ ppm
O3/ ppb
PAH / ng m®
org'/ugm?

SO,/ pg m°

0.48 +0.45

22+12

410 + 20

14 +14

45 + 54

53+45

20+x11

16.1+2.8
25.9 (6)
1009 + 6

N/A

N/A

900 * 150

4.7+3.2
6.0+ 3.6
2711
36 +27
420 + 20
8.9+10
45 + 39
25+1.8

0.48 +0.44

19.0+3.5

6.3 (5)
1002 + 2

282 £55

61 +15
25+16

1500 + 450

0.84 +0.79
15+8
9.3+6.5

5.8+3.5

410+ 20
3419
10+14
45+3.2

1.6+0.44

249+45

69.9 (4)
1012 + 4

N/A

52+ 16
N/A

1560 + 250

0.68 +0.52
17+8
7.1+57
7.5+3.8
13+5
13+8

420 + 20
35+22
12+11

6.6 +3.3

26+13
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NOs3/ pg m* 0.86 +0.80 0.23+0.17 0.61+0.72 0.49+0.40
NH4/ ug m?® 0.88+0.48 0.20+0.18 0.66 +0.27 0.97 +0.46
Chl/ pg m® 0.09 +0.16 0.04 +0.06 0.06 +0.13 0.03 +0.08
BC / pg nv’ 29+25 22+17 1.3+1.0 1.8+1.0

¢Difference between P)and PM s(coarse particles).

o ~NO O WNPE

measurements at 3 sites around Rome (Tor Vergastel@& Guido, Boncompagni).

2 Total accumulated amount of rain during measurésn&umbers of days with rain are given in paresegise

b Average and standard deviation of daily meansy @ays with 24 h measurements were used (incluslés 8f data).

¢ Average and standard deviation of daily boundageraheight (BLH) maxima from polarization LIDAR-ceiheter.
measurements at the Tor Vergata site provided &ptAPASON project (DIAPASON, 2016).
 Turbulent kinetic energy (TKE) calculated from @n averages provided by Arpa Lazio Environmentgkercy from

f For POPE2013 and POPE2014 corrected for contoibtitom local cigarette smoke emissions, compapé. 8€2.5.

39



Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-664, 2016 Atmospheric

Manuscript under review for journal Atmos. Chem. Phys. Chemistry
Published: 5 August 2016 and Physics
(© Author(s) 2016. CC-BY 3.0 License. Discussions

Table 4: Estimated contribution of "home-made" diadivected” species to total RMor all

2 measurement periods. Dust advection periods anss@ns from cigarettes are excluded.

Home-made PM/ pg mi® Advected PM/ pg n°
(contribution to PM/ %) (contribution to PM/ %)

DIAPASON2013 6.5 (47) 7.3(53)
POPE2013 3.9 (70) 1.7 (30)
DIAPASON2014 4.7 (59) 3.3 (41)
POPE2014 5.2 (42) 7.3 (58)
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1 Table 5. Summary of “dust” and “no dust” periodendfied during DIAPASON2013 and
2 DIAPASONZ2014, including mean values and standaxdbatien of PMp_o sand PMo.

DIAPASON2013 DIAPASON2014
Dust No dust Dust No dust
Period 29.10.- 23.10.-28.10.13; 20.05.- 27.05.-
01.11.13 02.11.-07.11.13 26.05.14 04.06.14
Mean PMo,s/ ugm® 7.1+ 3.5 4.0+27 15.4+5.9 55+2.8
Mean PMo/pgm®  32+7 19 +12 22+7 11+5
Fraction of PMo in 70 % 68 % 31 % 48 %

PM.
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1 Table 6. Variables measured during DIAPASON2014caiihg different ambient conditions
2 on days classified as "nucleation”, "non-definedd d&non-nucleation” days. Total particle
3 number concentrations (PNC) and the classificatidteria and number of respectively
4 classified days are also listed. For each measuremi@y and presented variable daily
5 averages for the period 10 am — 4 pm were caldil&tere, mean and standard deviation of
6 these averages are shown with maximum values @idarred, minimum values coloured in
7 green.
Nucleation days Non-defined days Non-nucleation
days
Classification PNG./PNGyg > 1 < PNGuw/PNGyy PNGwJ/PNGgy<1
15 <15
Number of days 6 6 2
Rain®/ mm 0 (0) 0.7 (1) 2.3 (1)
Total PNC / 16.cm® 25+9 13+3 12+1
Temperature / ° C 23+2 22+2 20+0
Rel. humidity / % 43+ 6 46 £ 9 56+4
Solar radiation / W 780 + 80 700 + 190 670 + 200
O3/ ppb 54 + 4 A7 +6 48+1
Total PM, organics / ugm 3.9 +2.4 3.6x+1.0 29123

8 & Total accumulated amount of rain (10 am — 4 pmmNers of days with rain are given in parentheses.
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1

2 Figure 1. Relative frequency of local wind direago(in °) colour coded with wind speed
3 measured during DIAPASON2013 (left) and DIAPASON2Qfight).
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Oct/Nov 2013 May/June 2014

Org
SO,
NO,4
NH,
Chl
BC

0.88 0.09

Tor Vergata
“DIAPASON”"

-3
PM, =12.0pgm

18%  14%

Central Rome
“POPE”

3 -3
PM, =5.6 pgm PM, =125pgm

Figure 2. Mean chemical composition (ug)nof non-refractory PMtogether with BC (left
chart in panels a-d) and PMF-separated organitidragright chart in panels a-d) for each
measurement period. RMalues below the pie charts represent total massentration of
AMS-measured species plus BC. The organic fractioeasured at central Rome was

corrected for contributions from cigarette smokethia local environment (Sect. 4.2.5, also
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omitted from the pie charts depicting the PMF-safeat organic fraction).
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Figure 3. Size-resolved mass distribution (dM/dlgg@uring “dust” (dashed traces) and “no
dust” (dotted traces) periods (top panel) measwitd the APS during DIAPASON2013

(black traces) and DIAPASON2014 (red traces). Thferénce of the size-resolved mass
distributions measured during “dust” and “no dyséfiods indicate the size distributions of
the dust particles measured during both yearsdivoftanel). Q. is the aerodynamic particle
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diameter.
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2 Figure 4. Comparison of mean chemical compositibnam-refractory PM obtained from
3 AMS measurements during “dust” (left)y and “no dusftight) periods during
4  DIAPASONZ2013 (top) and DIAPASON2014 (bottom).
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Figure 5. Average diurnal cycles of particle numbencentrations and size distributions for
DIAPASON (top) and POPE (bottom) for each yeart{I2013, right: 2014). Image plots of
diurnal cycles of the particle number size distiitms (colour coded for dN/dlogip are
shown with the particle diameters on the right afmesebility particle diameter Ry,). Mean
(grey) and median (black) diurnal cycles of thalgiarticle number concentrations are shown
on the left axes. New particle formation at middegs only observed in the May/June 2014
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campaigns.
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Figure 6. Average size distributions of particlener concentrations (dN/dlogp for
maximum PNC at midday (DIAPASON2014: 1-3 pm; POPER®-3 pm; solid traces) and
during background conditions (10-11 am; dashedetadrom FMPS measurements for
DIAPASON2014 (blue) and POPE2014 (redhoPis the mobility diameter.
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Figure 7. f44 vs. 43 plotted for each OOA factbtained from PMF analysis of the organic
fraction of HR-AMS data. OOA factors (green markeesulted from DIAPASON2013 and
POPE2013 measurements; SV-OOA (blue markers) ar@OW factors (red markers) were
found during DIAPASON2014 and POPE2014 measureméis recombination of the
factors LV-OOA and SV-OOA for both DIAPASON2014 aDPE2014 is also shown

(black markers). The dashed lines represent thagular space in which measured ambient

0o N o O A~ W N

OOA components typically cluster according to N@le{2010).
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Figure 8. Polar plots of (a) submicron LV-OOA, S\B@, NO; and SQ concentration
(colour coded) obtained from DIAPASON2014 measurgsand (b) submicron OOA, NH
NO;z; and SQ concentration obtained from DIAPASON2013 measurgmes a function of
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local wind direction (°) and speed (")s
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2  Figure 9. Submicron BBOA mass concentrations (acotmded) as a function of local wind
3 direction (°) and speed (rt)sfor DIAPASON2013 (left) and DIAPASON2014 (right).
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Figure 10. Diurnal cycles of HOA mass concentratiobtained from measurements at Tor
Vergata (blue; DIAPASON) and central Rome (red; ED&uring both seasons. Shown are
4 mean concentrations (traces) and the correspoitigand 75th percentiles (shaded areas).
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4  concentrations (traces) and the corresponding &&adh75th percentiles (shaded areas).
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Figure 12. Unit mass resolution spectra of CSOAainleid for the two POPE campaigns,
calculated from organic high resolution mass speatid colour coded for the different groups
of ion fragments. The elemental ratios are showibdres. The chemical structure of the
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suggested ion fragmentmtz84 (GH1oN™) is also illustrated.
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3 cycle (bottom) of CSOA mass concentrations obtafmet HR-AMS data of POPE2014.
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