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Abstract. During July 2009, a one-month measurement cam-1 ug nt3, 0.2 ug nt3, 0.4 ugnt3, and 1-3 ugm3, respec-
paign was performed in the megacity of Paris. Amongst othettively). For the primary emission tracers hydrocarbon-like
measurement platforms, three stationary sites distributedrganic aerosol, black carbon, and N® was found that
over an area of 40km in diameter in the greater Paris reapart from diurnal source strength variations and proximity
gion enabled a detailed characterization of the aerosol parto emission sources, local meteorology had the largest influ-
ticle and gas phase. Simulation results from the FLEX-ence on measured concentrations, with higher wind speeds
PART dispersion model were used to distinguish betweereading to larger dilution and therefore smaller measured
different types of air masses sampled. It was found thatconcentrations. Also the shape of particle size distributions
the origin of air masses had a large influence on meawas affected by wind speed and air mass origin. Quasi-
sured mass concentrations of the secondary species partitagrangian measurements performed under connected flow
ulate sulphate, nitrate, ammonium, and oxygenated organiconditions between the three stationary sites were used to es-
aerosol measured with the Aerodyne aerosol mass spectrontimate the influence of the Paris emission plume onto its sur-
eter in the submicron particle size range: particularly highroundings, which was found to be rather small. Rough esti-
concentrations of these species (about 4 fig,n2 pg n13, mates for the impact of the Paris emission plume on the sub-
2ugm 3, and 7 ug m?3, respectively) were measured when urban areas can be inferred from these measurements: Vol-
aged material was advected from continental Europe, whileume mixing ratios of 1-14 ppb of NQand upper limits for

for air masses originating from the Atlantic, much lower mass concentrations of about 1.5 ughof black carbon and
mass concentrations of these species were observed (aboottabout 3 pg m?2 of hydrocarbon-like organic aerosol can be
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deduced which originate from both, local emissions and thetology (CONAGUA, 2011; Meteo France, 2011), topogra-
overall Paris emission plume. The secondary aerosol particlphy and geographic properties, as well as emission patterns
phase species were found to be not significantly influencedButler et al., 2008), and therefore results are not simply con-
by the Paris megacity, indicating their regional origin. The ferrable to Europe. One recent experiment in a major Euro-
submicron aerosol mass concentrations of particulate sulpean metropolitan area took place in London in October 2006
phate, nitrate, and ammonium measured during time periodand October/November 2007. These REPARTEE campaigns
when air masses were advected from eastern central Eurog®egents Park and Tower Environmental Experiment) were
were found to be similar to what has been found from otherdesigned especially to provide measurements of horizontal
measurement campaigns in Paris and south-central Franand vertical fluxes within the city of London. Several trace
for this type of air mass origin, indicating that the results gases as well as chemical and physical properties of aerosol
presented here are also more generally valid. particles were measured at various locations (Harrison et al.,
2012). In Paris, so far several measurement campaigns were
conducted with main focus on the gas phase (e.g., Gros et al.,
2011; Menut et al., 2000; Vautard et al., 2003), or on particu-
1 Introduction late matter at one site within central Paris (e.g., Sciare et al.,
2010; Widory et al., 2004). To provide a more comprehen-
As of 2011, for the first time the world’s population ex- sive dataset of atmospheric measurements for this megacity,
ceeded the mark of 7 billion people. At the same time, morein July 2009 and January/February 2010, two large field cam-
than 50 % of these people are living in a city, and this frac- paigns were conducted in the Paris metropolitan area as part
tion is projected to be continuously increasing over the nextof the MEGAPOLI project (Megacities: Emissions, urban,
decades (UN DESA, 2008, 2009). With this growing urban- regional, and Global Atmospheric POLIution and climate ef-
ization, also the cities themselves are becoming larger. Whildects, and Integrated tools for assessment and mitigation).
in 1950, only two cities worldwide had a population of more In both campaigns, three stationary measurement sites and
than 10 million inhabitants, today there are about twenty suctseveral mobile platforms (airborne and ground-based) were
cities worldwide (UN DESA, 2008, 2009). Such large ur- employed, equipped with a suite of instruments to measure
ban agglomerations with more than 10 million inhabitantstrace gas concentrations as well as chemical and physical
are commonly termed as “megacities”, though this defini-properties of aerosol particles. This comprehensive dataset
tion is rather loose (Molina and Molina, 2004). The rapid allows for a detailed characterization of physical and chemi-
urbanization does not only pose logistical challenges to of-cal processes within the Paris agglomeration and its pollution
ficials, also air quality control within such agglomerations plume, and provides detailed observations as input for mod-
is one major issue which needs to be addressed. Insufficierglling purposes and for validation of model results.
air quality e.g. is a threat to public health, affects regional Here, we present experimental results from the
ecosystems, and can have effects on regional climate (MolinMEGAPOLI summer measurement campaign performed in
and Molina, 2004). Since pollutants are also transported, inParis in July 2009, with the aim to characterize and quantify
fluences can be expected not only on the megacities thenthe impact of this European megacity onto its local air
selves, but also on a regional, continental, and global scalguality in comparison to the influence of regional, advected
(Molina and Molina, 2004; Lawrence et al., 2007; Kunkel et pollutants. We focus on the results of the measurements of
al., 2012). the aerosol particle phase at the three stationary sites. The in-
Therefore, the quantification of emissions from megacitiesfluence of air mass origin and meteorology on the measured
and the assessment of the influences of these cities on thedterosol particle mass concentration, chemical composition,
own air quality, but also on their surroundings are of ma- and particle size distribution is discussed, with emphasis on
jor interest. Individual measurements of selected parameterghe submicron size range. From the comparisons between
such as trace gases or chemical composition of aerosol pathe different sites, conclusions on the local and the re-
ticles, took place in several megacities, e.g. in Tokyo (e.g.,gional contributions to measured concentrations of different
Takegawa et al., 2006a; Xing et al., 2011), Beijing (e.g.,chemical species are drawn. Furthermore, quasi-Lagrangian
Wang et al., 2010; van Pinxteren et al., 2009), New York City measurements during periods of connected flow conditions
(e.g., Sunetal., 2011), or the Los Angeles basin (e.g., Hersegre investigated where one of the stationary sites was located
et al., 2011). In 2006, a large measurement campaign wadownwind and one upwind of the city centre, allowing for
conducted in the Mexico City Metropolitan Area: during the a characterization of the impact of Paris’ emissions onto
MILAGRO (Megacity Initiative: Local and Global Research local air quality. Complementary results from the wintertime
Observations) field campaign, several stationary and mobil&eampaign are presented in a companion paper (Crippa et al.,
measurements were performed simultaneously to provide 2013a).
comprehensive dataset of many atmospherically relevant pa-
rameters (Molina et al., 2010). However, Mexico City is very
different from European megacities, such as Paris, in clima-
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2.1 Measurement sites and sampling e .
] Crépy-en-Valois
Chantilly
The MEGAPOLI summer measurement campaign took
place in the greater Paris region during the whole month of
July 2009. Here, we analyze data from measurements of vol- Aubergdnile o *
ume mixing ratios of NQ and G, of mass concentrations of
submicron particulate sulphate, nitrate, ammonium, organ- ‘
ics, and black carbon, and of particle size distributions in the  oreuw o °
size range from 4.9 nm to 10 um for the time frame 30 June :
2009, 18:00 until 31 July 2009, 15:50 (local time). Not all Rambauiliet T
instruments were measuring during the whole period due to PRSI
slightly different measurement time frames at the three sites * oriictn
and to down-times due to e.g. instrument calibrations, power . .
failures, or instrumental problems. In the analysis, for aver- X Flampes
ages over longer time periods therefore only data have beer oot
considered which cover at least 70 % of the respective timeo 10 20km Nemours
frahr;]eez;\surement sitesthree stationary measurement sites Fig. 1. Location of the statiopary measurement sites _(Downtown,
were operated during the MEGAPOLI campaign (Fig. 1). Sub NE, Sub SW) and Iopatlon of the ;hort-tlme staﬂonary back-
The first one was located at the LHVP (Laboratoire 90UNd measurement during the campaign using the Mobile Labo-
d’Hygiene de la Ville de Paris) in the centre of the city (13th ratory (see Sect. 3.4). The Paris agglomeration is indicated as grey

s ) , ; area,; cities outside this agglomeration are denoted as black dots for
district, 221'33.71'E, 48'4943.36' N) (further referred to  peter orientation. In the upper left, the relative distribution of wind

as the “Downtown” site). The LHVP building faces to a gjrections observed at Sub NE during the whole campaign is shown.
smaller street in the north-west and to a park in the south-

east, and is about 400 m south-east from Place d’ltalie, where

seven large Parisian avenues are intersecting. This site is con-

sidered to represent Paris background air pollution (Sciardwo suburban sites were located each in a distance of about
et al., 2010). The second station was located at a subur20 km from the Downtown site (see Fig. 1).

ban site south-west from the city centre at SIRTA (Site In- Sampling techniquesit each measurement site, a suite of
strumental de Recherche pagl@detection Atmospérique,  instruments was deployed for on- and off-line characteriza-
2°1226.34' E, 48433.59' N, Haeffelin et al., 2005) (fur- tion of aerosol particle and gas phase as well as of meteorol-
ther referred to as the “Suburban SW” site, abbreviated “Sulngy. Here, only the sampling setups for the instruments used
SW"). This measurement site was located on the groundsn the current analysis (Tables 1 and 2) are described.

of the Ecole Polytechnique and is surrounded by fields to At the Downtown sitegas analyzers as well as a TEOM-
the west and north-west, and by villages in 1-3km dis-FDMS (tapered element oscillating microbalance — filter dy-
tance in the other directions. Major highways are located innamics measurement system) and a PILS-IC (particle-into-
about 3—-6 km distance in all wind directions; a road with liquid sampler coupled to an ion chromatograph) were sam-
medium traffic is situated to the north in about 200 m dis- pling on the flat roof top of the LHVP building at about
tance. The third station was set up at a suburban site in thé4 m height above ground level. Both aerosol instruments
north-east of the centre of Paris at the GoBdartemental were sampling through separate Pdicyclones (model

de la Poudrerieh(tp://poudrerie.ucpa.com2°3249.17'E, SCC2.229, BGI Inc.). The PILS-IC was sampling through
48°56'1.67’ N, further referred to as the “Suburban NE” site, basic and acidic annular denuders (3-channel, URG Corp.),
abbreviated “Sub NE"). This measurement site, located at thend daily filter measurements were performed to correct for
periphery of a residential area on a small employee parkingbackground effects. The gas analyzers were located on the
lot, was bordered to the north (from east to west) by a golffloor beneath the roof top and sampled via two independent
course and a forested park; to the south there was a road withO m long 1/4 Teflon tubing sampling lines. A container was
medium traffic density in about 30 m distance. The two latterlocated next to the LHVP building, about 25 m south-east of
sites are considered to be representative for suburban sites ithe roof top sampling inlets, adjacent to a small park. Here,
fluenced by local traffic emissions as well as the overall Parissampling was conducted at about 6 m a.g.l., and the inlet was
emission plume. The three stationary sites were set up in @quipped with a PNp cyclone. This inlet was directly fol-
way that they provided connected flow conditions at SW andlowed by an automatic drying system (Tuch et al., 2009) to
NE wind directions for quasi-Lagrangian measurements. Thekeep relative humidity (RH) below 30 % at all times. MAAP
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Table 1. Instrumentation for measurement of the particle phase used in this study.

Parameter(s) Site Instrument Model (manufacturer) Time resolution  Size range Uncertainty estimate
for comparisord
Sub SW HR-ToF-AMS (Aerodyne Research, Inc.) 10%nin
Particulate organics - 30%
) _ _ ~PMq (I
nitrate, sulphate, Sub NE C-ToF-AMS 1 mif size clut(_g\:rl_er PMF results: 20 %
ammonium, chloride  Downtown HR-TOF-AMS 10 mift ~70nm) PMF mass
mass concentrations . concentrations: 36 %
MoLa® HR-TOF-AMS 1mid
W Aethal t M | AESIM 2mi P %
Black carbon Sub S ethalometer .Od?, 81Magee min M5 30%
Scientific)
mass
. H 0,
concentration Sub NE MAAP Model 5012 (Thermo 1min PMy 10%
Downtown MAAP Scientific) 1min PMo
MoLa MAAP 1min PM
Particle number Sub NE CPC Model 5403 (Grirn}h)! 1s >4.5nm
concentration MoLa cPC Model 3786 (TSI Inc.) 1s ~2.5nm
Sub SW SMPS Models 3080, 3081, and 377210 min 10.6-495.8nm
(TSlInc.)
Particle number size Sub NE EAS Airel Ltd 1mi 3.2 101l
distribution @mop) u (Airel Ltd.) min .2nm-10dm
MoLa FMPS Model 3091 (TSl Inc.) 1s 5.6 nm-560nm
Particle number size Sub NE OPC Model 1.109 (Grindin 6s 250 nm-32 um
distribution @o) MoLa oPC 6s
. . Sub NE UV-APS Model 3314 (TSl Inc.) 5min 500 nm-15fim
Particle number size
distribution @ca) MoLa APS Model 3321 (TSI Inc.) 1s 500 Nm—20 um
Total aerosol mass Sub NE TEOM-FDMS Models TEOM 1400a, 15min PM
concentration Downtown TEOM-EDMS FDMS 8500 (R&Fb) 6min PMs
Sub SW PILS-IE 8min PMp 5
Particulate s“t'p*:_a‘e Sub NE Quartz filters, 12h PM,
mass concentration off-line ICN
Downtown PILS-IC" 15min PM s

2 See main text for definition of uncertainty estimate used here.

b Measurement cycle: 2.5 min each in V-mode ambient and thermodenuded, W-mode ambient and thermodenuded; MS/PToF cycles during V-mode: 10 s/10 s, W-mode:

only MS, 10 s cycles.

¢ Measurement cycle: 20 s each in MS/PToF/LS mode.
d Measurement cycle: 5 min each in V-mode and W-mode; MS/PToF-cycles W-mode: only MS in 40 s cycles; V-mode: MS/PToF in 20 s/40 s cycles.

€ Mobile Laboratory.

f Measurement cycle: V-mode, MS/PToF in 10 s/10 s cycles.

9 7-wavelength aethalometer.
h Grimm Aerosol Technik GmbH & Co. KG.

I Classifier model 3080, differential mobility analyzer model 3081, CPC model 3772.

] Only size range 4.86 - 486 nm used in the analysis (see text).

k Only channels from 750 nm onwards used (see text).

I Rupprecht & Patashnick Co., Inc.

M PILS (Orsini et al., 2003) coupled to an ion chromatograph (Dionex, model ICS2000) equipped with a 2 mm diameter auto-suppression, anion self-regenerating

suppressor, a 2mm diameter AS11-HC pre-column and column, and a 300 pL injection loop. For both PILS systems, liquid flowrates were delivered by peristaltic pumps set
at 1.5 mL mirr2 for producing steam inside the PILS, and at Sub SW at 0.25 m fior rinsing the impactor. At Downtown, a syringe pump was used at a flow of

0.8 mL min~1 for rinsing the impactor, here two ion chromatography systems (for cation and anion quantification) and a TOC (total organic carbon) system were connected
to the PILS. For determination of anions, ion chromatography analysis was performed in isocratic mode at 12 mM of potassium hydroxide and a flowrate of 0225 mL min

N 47 mm diameter pre-fired quartz filters (QMA, Whatman), analyzed using a 2 mm diameter AS11-HC model pre-column and column, a 20 L injection loop, and an ion
chromatograph (IC, model DX-600, DIONEX) equipped with a reagent free system (automated eluent generation and self-regenerating suppression).

(multi-angle absorption photometer) and AMS (aerosol mass At the Suburban SW siteseveral containers with measure-
spectrometer) (amongst other instruments) were connecteghent instruments were set up. AMS and SMPS (scanning
to this main inlet via 3/4 and 3 m of 1/8 stainless steel tub- mobility particle sizer), aethalometer and PILS-IC, and gas
ing, respectively. Particle losses for the AMS sampling line analyzers, respectively, were located in three separate con-
were estimated using the Particle Loss Calculator (von detainers. For AMS and SMPS, sampling occurred at about 4 m
Weiden et al., 2009), and were found to be below 10 % forheight a.g.l. through a P{ inlet. The aerosol was dried us-
the relevant size range (0.1-1 pm; mean valu6:%). ing a Nafion drier and distributed via 6 mm stainless steel

Atmos. Chem. Phys., 13, 933859 2013 www.atmos-chem-phys.net/13/933/2013/
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Table 2. Instrumentation for measurements of gas phase and meteorological parameters used for this analysis.

Parameter(s) Site Instrument Time Uncertainty estimate
resolution  for comparisofts
NOx Sub SW AC31M (NOYJ, NOXTOy (NO»)S9 1 min 20%
Sub NE AirPointe? 1min
Downtown AC31M (NGQ)P 5min
MoLa AirPointef® 1min
O3 Sub SW UV photometric @analyze? 1min 10%
Sub NE AirPointet 1 min
Downtown UV photometric @ analyze? 5min
MolLa AirPointef 1min
Temperature, RH, wind direction, wind speed  Sub NE weather s_i‘ation 1min
only Sub NEsolar radiation MoLa weather station 1min
Mixed layer height Sub SW LIDAR 1h

2 See main text for definition of uncertainty estimate used here.

b AC31M, Environnement S.A. (detection of NO using ozone chemiluminescence; detectiork afdN@ ozone chemiluminescence after thermal conversion to NO on
molybdenum-converter).

¢ NOxTOy, METAIR (detection of N@ using chemiluminescence of luminol).

d NOx was calculated from (NONO,).

& AirPointer, recordum Messtechnik GmbH (UV photometric detection gifd@tection of NQ as undeP).
f Mobile Laboratory.

9 Model 49C, Thermo Environmental Instruments.

h Vantage Pro2, Davis Instruments.

i Vaisala.

J'wind Lidar Leosphere; mixed layer height retrieved using STRAT-2D algorithm (see text).

tubing to the instruments. The inlets for aethalometer and At the Suburban NE site, also the Mobile Laboratory
PILS-IC, located at 4 m a.g.l., were equipped with B\My- MoLa (Drewnick et al., 2012) was stationed when not op-
clones (R&P and BGI Inc., respectively). The denuder sys-erating in the field, and measuring side by side to the sta-
tem and the filter measurements for the PILS-IC were equationary laboratory at about the same inlet height. The Mo-
to those at the Downtown site. Gas analyzers were samplingpile Laboratory was also measuring for one day each at both
via Teflon tubing from about 3.5m height a.g.l. the Sub SW and the Downtown sites, respectively, for inter-
At the Suburban NE siteall instruments were located in comparison purposes (Sect. 2.2). Furthermore, in Sect. 3.4
one container with an inlet at about 8 m above ground. Theone selected stationary measurement of the Mobile Labora-
EAS (electrical aerosol spectrometer) was sampling directlytory outside of Paris is used to complete the data base for the
from the main inlet. Insulated 1/Ztainless steel tubing con- analysis.
nected OPC (optical particle counter), UV-APS (ultraviolet
aerodynamic particle sizer), MAAP, TEOM-FDMS, and fil- 2 2 Data acquisition and validation
ter sampler to the main inlet; /4ubing was used to con-
nect the AMS and CPC (condensation particle countery, PM The data acquisition of all instruments is described in
cyclones were located directly in front of the MAAP, the gect 2.2.1, except for the AMS, which is treated in
TEOM-FDMS, and the filter sampler inlets, respectively. The gect, 2.2.2. As already mentioned, measurement data from
aerosol sampled by OPC and UV-APS was dried using a Silyhe intercomparison periods (Sub NE: 274 h distributed over
ica gel diffusion drier. The sampling losses for this whole {he \whole campaign; Downtown: 17 July, 10:20-18:30; Sub
inlet system were calculated using the Particle Loss Calcugyy: 23 July, 11:20-19:00) were used to compare the various
lator (von der Weiden et al., 2009), and were for all instru- instryments at the different sites to the instruments on-board
ments below 10 % in their relevant measurement size rang&ne Mobile Laboratory. From these comparisons, estimates
with largest losses for smallest and largest particle sizes. Infg, the comparability of measurements from different sites
let losses for UV-APS and OPC for particle diameters largerpaye peen deduced (see Tables 1 and 2). Note that these es-
than 5pm were higher (approximately 30 % at 10 um diam-timates do not reflect the uncertainty of the instruments or
eter). The weather station and the inlet to the"I1&flon the measurements itself, but are solely used as a mean to en-
sampling line for the gas analyzers were also located at thgre the comparability of measurements between the differ-
main inlet at about the same height as the aerosol inlet. gt sites. This also includes variations due to different sam-
pling or working principles of the instruments. The results

www.atmos-chem-phys.net/13/933/2013/ Atmos. Chem. Phys., 13, 9838-2013
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of these intercomparisons are discussed in the following twamode above 20 nm. For these larger particle sizes, the com-
sections. parisons between FMPS and SMPS systems showed good
agreement, and also the EAS and FMPS agree reasonably
2.2.1 Comparability of non-aerosol mass spectrometer well (FMPS versus EAS number size distribution for sizes
measurements above 20nm: slopen = 0.80, Pearson’sk? = 0.84; total
particle number concentrations agree within 15 % for parti-
Details on the instruments used (model and manufacturer) asle sizes above 20 nm, else within 30 %). 12 h filter samples
well as on sampling intervals can be found in Tables 1 andwere taken on 47 mm quartz filters from which particulate
2, along with the estimated uncertainties of the associatedulphate was quantified using ion chromatography (IC); they
measurements for comparison purposes. All intercomparisomvere corrected from routinely taken blank filters. Meteoro-
results are given in the Supplement in Tables S1 and S2 itogical data showed excellent agreement between the Mobile
detail. The main results are briefly summarized here. Laboratory and Sub NE. Furthermore, a comparison to wind
Black carbon (BC) measurements from MAAPs at Subdata routinely measured at Sub SW showed little difference
NE, Downtown and the Mobile Laboratory showed good in the local wind speed and direction measured at the dif-
agreement (within 10 %). Differences in cut-offs did not ferent sampling sites. Therefore, for the analysis, only me-
seem to have a significant influence, confirming that BC isteorological data measured at Sub NE are used. The mixed
predominantly found in the submicron range (Seinfeld andlayer height has been determined at Sub SW from routinely
Pandis, 2006). The aethalometer at Sub SW measured higheneasured LIDAR (light detection and ranging) data using the
concentrations during the intercomparison period, compare@&TRAT-2D algorithm described in Haeffelin et al. (2012).
to the MAAP on-board the Mobile Laboratory. We attribute
this to instrumental differences which might limit the com- 2.2.2 Aerodyne aerosol mass spectrometer

parability with the MAAP measurements. Therefore, for the measurements
aethalometer, a larger uncertainty of 30% is assumed here
for comparison purposes. At Sub NE, a C-ToF-AMS (compact time-of-flight aerosol

Ozone (Q) did show very good agreement in all inter- mass spectrometer; Drewnick et al., 2005) was used, while
comparisons (uncertainty estimated to 10 %).,N¢&s mea-  at the other sites including the Mobile Laboratory, a HR-
sured using different techniques at the various sites (see TaFoF-AMS (high-resolution ToF-AMS; DeCarlo et al., 2006)
ble 2). Despite this fact, at all sites the intercomparison meawas deployed. These instruments were used to measure the
surements showed good agreement within an uncertainty aubmicron mass concentrations and size distributions of non-
20 %. refractory particulate organic matter (“organics”), sulphate

The OPC and CPC at Sub NE showed good agreement'SQOy"), nitrate (“NOs”), ammonium (“NH;"), and chloride
with the OPC and CPC on-board the Mobile Laboratory, re-(“Chl”). All instruments measured at about 600 vaporizer
spectively (within 10 and 30 %, respectively; the larger devi- temperature, only the Sub NE AMS was measuring at about
ation for the CPC measurement is explainable by the differ-800°C during the first two weeks of the campaign (30 June—
ences in lower cut-offs of the instruments, see Table S2 forl4 July) to gather information concerning the dependency
details). The UV-APS was only comparable (within 20 %) of organic fragmentation patterns on vaporizer temperature.
to the Mobile Laboratory APS for particles with continuum- However, no significant differences in organic fragmentation
aerodynamic diameteicz > 750 nm, likely due to slight in-  patterns or in mass concentrations due to heater temperature
strumental differences. Therefore, only data for particle sizegdlifferences could be found in the semi-continuous intercom-
from 750 nm onwards are used for the analysis. The sizgparison with the Mobile Laboratory AMS. Information on
ranges of the EAS at Sub NE and the FMPS (fast mobility AMS measurement cycles can be found in Table 1. For the
particle sizer) on-board the Mobile Laboratory overlap only Downtown and the Sub SW site, we present only ambient
between 4.86 and 486 nm (mobility diametéfop). There-  MS (mass spectrum mode, yielding the average mass con-
fore, comparison between the two instruments is only possi€entrations as described above) data acquired in V-mode, the
ble in this size range, and consequently only this size rangéower resolution mode of the HR-ToF-AMS (as opposed to
has been used in the analysis. The comparison shows a modiee higher resolution in W-mode). For the Sub NE site, only
in the number distribution measured by the FMPS aroundVS and PToF (particle time-of-flight mode, yielding the av-
10 to 15 nm which is likely an artefact due to the inversion erage mass size distributions) data are used. The C-ToF-AMS
algorithm used for this instrument (A. Wiedensohler, per-at the Sub NE site was additionally equipped with a light
sonal communication, 2012). The EAS does not show thisscattering probe (Cross et al., 2007), enabling single particle
mode, possibly due to differences in the analysis softwareanalysis. Results from this will be presented in an upcoming
used. However, no direct intercomparison measurements tpublication.

SMPS systems were available for the EAS. Therefore, es- For all instruments, weekly calibration measurements of
pecially the smaller size mode (up to about 20 nm) has toNH4NO3 particles (measurement in brute force single par-
be regarded with a higher uncertainty than the coarser sizéicle and MS mode; mobility diameter: 400 nm at Sub SW

Atmos. Chem. Phys., 13, 93359 2013 www.atmos-chem-phys.net/13/933/2013/
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and Downtown, 350 nm at Sub NE, and 550 nm in the Mo-ganics measured by the AMS at Sub NE were scaled with a
bile Laboratory) to determine the AMS ionisation efficiency factor of 1.5 (which would correspond to an effective RIE
(IE), and measurements of filtered, particulate-free ambi-of organics of 0.93) to account for this effect. After this
ent air to correct for background effects have been perscaling, comparison of total mass concentration measured
formed throughout the campaign. A collection efficiency by MAAP and AMS with the total PM mass concentra-
(CE) of 0.5 was assumed for all instruments as a typi-tion measured by TEOM-FDMS showed good agreement
cal value for fully neutralized, internally mixed particles (m = 0.94, R? = 0.74) (Fig. S2).
with low to moderate nitrate content (Matthew et al., 2008). At the Downtown site, due to a power failure during the
This CE was validated by comparisons with other instru-night before the intercomparison measurement, the AMS
ments as described below. Standard relative ionisation efwas completely turned off, and only restarted directly be-
ficiency (RIE) values (for S@ 1.2; organics: 1.4; N@ fore the intercomparison period (which therefore lasted only
1.1; NHs: 4) were used if not noted otherwise below. for ~5 h). Also, AMS measurements of particulate-free air
The data analysis was performed with SQUIRREL (ver- could only be performed after the intercomparison, when the
sions 1.48to 1.51(http://cires.colorado.edu/jimenez-group/ background already had decreased. Therefore, background
ToFAMSResources/ToFSoftwaje/applying the standard values for the intercomparison period itself cannot be ac-
fragmentation table (Allan et al., 2004, with modifications counted for correctly. This affects especially NHor which
according to Aiken et al., 2008, except for the Downtown a large discrepancy in measured mass concentrations be-
site) with the respective individual corrections inferred from tween the two instruments was found, while all other species
the measurements of particulate-free air. agree within~ 10 % (Table S3). The measured aerosol was
Data validation for the different instrumentduring neutralized to slightly acidic at this site throughout the
the stationary measurements, the Mobile Laboratory AMScampaign £ = 1.18, R2 = 0.99) (Fig. S1c). Comparison of
showed neutralized to slightly acidic aerosol within its mea- AMS SOy with sulphate mass concentrations from PILS-
surement uncertainties. For 15min averaged data, the linkC PMy 5 measurementsi{(= 0.95, R? = 0.76) and of to-
ear fit through zero yielded a slopa:)Y of 1.32 and Pear- tal particle mass concentrations from AMS and MAAP to
son’'sR? of 0.97 for the correlation of measured (§€%+2 ~ TEOM-FDMS PMs (m = 0.87, R? = 0.46) showed reason-
SOI°'3V+ Chimolany versus N|-T°'ar, with X' meaning the ~ able agreement, especially when considering the different
molar concentration of species X (Fig. S1a). For{\&lRIE  upper size cut-offs of the instruments.
of 4.1 was used, which was inferred from the N3 cal- For the AMS at the Sub SW site, a RIE for WHf 3.3 was
ibrations performed in MS mode. The total submicron par-determined from the NFENO3 measurements in MS mode.
ticulate mass concentration measured by the Mobile LaboraStill, comparison to the Mobile Laboratory AMS shows large
tory AMS plus the BC concentration measured by the MAAP discrepancies around 30 % for all species except foy,NH
on-board the Mobile Laboratory when parked at the Sub NEfor which the discrepancy is even larger 70 %) (Table S3).
site agreed reasonably well with the total Pdhass con-  These large and systematic negative differences of all species
centration measured by the TEOM-FDMS at the same sitere likely due to large sampling losses, or to systematic errors
(m = 0.90, R? = 0.45). Therefore, the AMS on board of the in the IE calibration. Therefore, in order to be able to com-
Mobile Laboratory seems well suited as reference instrumenpare the measurements from the instruments of all sites, a
for the other AMSs. general scaling of the Sub SW AMS to the Mobile Labora-
For the AMS at Sub NE, laboratory calibration measure-tory AMS measurements using a scaling factor of 1.3 for all
ments of (NH)>SOs were performed to determine the RIE Species (see Table S3) was applied. After this scaling, com-
of SOy. This gave an RIE of 0.76. From the ammonium ni- parison of S@ measured with the Sub SW AMS to sulphate
trate calibration measurements (MS mode) during the camfrom PILS-IC PMys measurements at the same site gives a
paign, a RIE of 4.2 was estimated for HUsing those ~more reasonable resulin(= 0.87, R* = 0.92; before scal-
RIE values, comparison of AMS SOto filter measure- ing: m = 0.67), despite differences in cut-offs. The aerosol
ments of particulate sulphate (using IC) showed satisfyingmeasured with the Sub SW AMS was found to be neutral-
agreementig = 1.18, R? = 0.72), and the aerosol was found ized to slightly acidic within the uncertainties throughout the
to be neutralized to slightly acidion(= 1.05; R2=0.99)  whole campaigns = 1.29, R? =0.99) (Fig. S1d). How-
(Fig. S1b). However, comparison to the Mobile Laboratory ever, no total aerosol mass concentration measurement was
AMS showed significantly smaller organic mass concentra-performed at this site, so only comparisons to total particle
tions for this instrument (Table S3). Direct comparison of mass concentrations calculated from SMPS measurements
the mass spectra of both instruments showed that this wagre available. To convert mass concentrations into total par-
likely due to the smaller ion transmission in the Sub NE ticle volume concentrations, particles were assumed to be
AMS at larger mass to charge ratios [z’s) compared to spherical and to exhibit a time-dependent density. The lat-
the Mobile Laboratory AMS, which is also the reason for ter was inferred from the varying chemical composition and
the smaller RIE of S@than typically used. Therefore, or- from densities of 1.72 g cr? for NHsNOs, 1.77 g et for
(NH)>,SOs, 1.5gcnt3 for organics, and 2gcm? for BC
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(the average density of the whole campaign would corre-perature separately, however, no significant differences were
spond to 1.65gcmt). The sum of calculated total particle found. Therefore, only the PMF solutions using the whole
volume from BC mass concentration and total mass concendataset were evaluated further and are presented here. For all
trations measured with the AMS agrees reasonably well withdatasets, the pre-defined number of factors to be calculated
the SMPS total particle volume concentration £ 0.93, by PMF was varied from 1 to 5 with a “coarse” variation of
R? = 0.54; before scalingm = 0.74, R? = 0.56) (Fig. S3).  fpeakparameters (see Table S4). The two-factor solution was
The upper size cut-off of the SMPS at about 500 raknof) found to explain best the data from the Sub NE and the Sub
corresponds to a vacuum-aerodynamic diameter of abouSW site, while for the Downtown site, both the two- as well
800 nm, which is similar to the cut-off for the BC and AMS as the three-factor solution were found suitable. These results
measurements. All in all, these comparisons seem to validatare discussed in more detail in Sect. 3.1. For the Sub SW and
the scaling procedure for the Sub SW AMS. Downtown site, the solutions with more factors showed split-
For all validated AMS measurements, a total uncertaintyting of the factors, which after inspection of mass spectra and
of 30% is assumed, including uncertainties from RIE, IE, time series were identified as physically meaningless. For the
and CE determination. This is in line with typically observed Sub NE site, the third factor obtained in the three-factor so-
uncertainties from instrumental comparisons of the AMS Iution was driven by instrumental noise and could not be
(Canagaratna et al., 2007). suppressed by any data pre-treatment. This factor was still
present also at higher factor solutions (solutions with more
2.3 Positive matrix factorization of AMS measurements  factors). Furthermore, these higher factor solutions resulted
again in a physically meaningless splitting of the other fac-
Positive matrix factorization (PMF; Paatero and Tapper,tors. Therefore, only the two-factor solution was used for fur-
1994) was applied to the time series of mass spectra of orgarther analysis. In all cases, alfjmakandseedvariations did
ics measured with the AMSs. PMF mathematically retrievesnot provide more reasonable results for higher factor solu-
a given number of constant factor profiles (mass spectra irions. Time series and mass spectra of higher factor solutions
the case of AMS) and their contribution to the total measuredfor the different sites are shown in the Supplement (Figs. S4
mass spectrum for each time step by minimizing the residuato S6).
between measured and modelled data, achieving both time For the chosen number of factofpeals were varied in
series and mass spectra of a given number of factors withsteps of 0.1 from-1.5 to 1.5. There was no indication that
out a priori information. To explore the possibility of dif- any other solution than those wifpeak= 0 might provide
ferent local minima, usually PMF solutions from a number physically more meaningful results. Therefofpeak= 0
of different randomly chosen starting poir(tseeds”) are  was used for the further analysis. In additiagedswere
explored. Furthermore, the factor solutions derived by PMFvaried from 0 to 50 in steps of 1 for the chosen solutions
are not unique, but (approximate) rotations of the matricesatfpeak= 0. No differences in the solutions at varyisgeds
of factor time series and mass spectra may result in solutiongvere found for the chosen solutions with exception of the
which still meet the convergence criteria. This rotational am-three-factor solution at the Downtown site, where 2 out of 51
biguity is explored by varying the so-calletpeak parame-  solutions gave slightly different results, but with very sim-
ter. Details on application of PMF to AMS data can be found ilar time series and mass spectra as for the other solutions.
in (Ulbrich et al., 2009). The PMF Evaluation Tool (PET, Therefore, only theeed= 0 solutions were regarded further.
version 2.03A) described by Ulbrich et al. (2009) was usedHowever, the variation of the results upon varyfpgals and
in this analysis using the PMF2 algorithm (Paatero, 1997).seedsnere used as a measure of the uncertainty of the cho-
For the three AMS datasets, matrices with the time series o6en PMF solutions, both for the obtained factor mass spec-
the organics mass spectra and the associated errors were ttea and the time series. To calculate these uncertainties, for
trieved from SQUIRREL using the standard fragmentationeach data points«{/z or time step, respectively) the average
table (Allan et al., 2004). Details on the data matrix treat- and the standard deviation of all solutions was calculated. To
ment for preparation for PMF and on the PMF analysis itselfcalculate the relative uncertainty of the mass spetias(,
can be found in Table S4. From all datasets, individual ex-the sum of the absolute standard deviations for the individual
traordinarily high data points (“spikes”) in the data and error m/z's was calculated and divided by the sum of the signal
matrices, which could not be fitted appropriately by the al- of the average mass spectrum (Eg. 1). For calculation of the
gorithm, were removed iteratively. From the Sub NE datasetyelative uncertainty of the factor time series(s) according
furthermore two time periods of a few hours each were re-to Eq. (2), the time series of the absolute standard deviations
moved which were measured during nearby fireworks on thevas divided by the average time series to give the relative
night before 14 July, and during residential trash burning instandard deviation of each data point. The average of these
the neighbourhood on 11 July to avoid artificial biases of relative standard deviations gave the overall uncertainty of
the PMF analysis. For further validation of the method, for the time series.
the Sub NE dataset, PMF was performed both on the whole
dataset and for the periods with higher and lower heater tem-
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following them backward in time. In this analysis, for the de-
termination of air mass origifigotprint emission sensitivities

> op.i for aerosol tracers were used. The so-caledssion sensi-
Ams = ijl (1) tivity is _propor_tional to t_he residen_ce tirr_1e _of the p_a_rti_cles

Y Fpi over a given grid cell, while thibotprint emission sensitivity

P represents thigmission sensitivitintegrated over the low-

est 100 m of the atmosphere. Tlo®tprint emission sensitiv-

u ity therefore gives an indication where emissions could have

3 ip_l been taken up effectively by the air mass that arrived at a cer-
ATs = i=1 " ) tain time at the measurement site. Multiplying fleetprint

emission sensitivitywith emission fluxes from a spatially dis-
aggregated inventory gives the distribution of emissions con-
tributing to the simulated mixing ratio at the receptor site.
Removal processes for aerosol particles (wet and dry deposi-
tion) are also taken into account in the simulations.
Furthermore, for each 3 h data point, the integrafoaft-
print emission sensitivitgver the total land surface area has
been calculated. This integral gives the absolute continental

n: the number ofn/z’s or time steps, respectivelyp ;: the
average for one:/z or time steppp ;: the standard deviation
for onem/z or time step.

The calculated uncertainties for all PMF results can be
found in Table S5. In general, the uncertainties freeed
variations are much smaller than those frdpeak varia-

tions (e.g., for the two-factor solutions, uncertainties from e : o o .
seedvariations are around 1%, whilpeakvariation usu- contribution to thefootprint emission sensitivitior a given

ally gives uncertainties of the order of 10-209%), indicat- air mass, and therefore gives an indication for the amount of

ing that the solutions are relatively stable independent of thetontinental influence on the sampled air masses.
choserseed Relative uncertainties of time series are usually

slightly larger than those of the mass spectra, but of the same

order of magnitude. All estimated uncertainties (frfgeak 3 Results and discussion

andseed for the two-factor solutions from the different sites o

are below about 20 %. The uncertainties for the Downtown3-1  ldentification of the PMF factors
three-factor solution are larger, especially for the two differ- ) . )
ent HOA (hydrocarbon-like organic aerosol) factors (up to Corrglanons of the time series of .the PMF factors fo_und for
about 40 %). This reflects the associated uncertainty in thdh€ different sites (as described in Sect. 2.3) with time se-

retrieval of factors related to different sources (and therefore‘r\'les of external tracers, measured at the respective sitg, (SO
with different time series), but with very similar mass spec- VO3 from AMS measurements, and BC and @re pre-
tra. sented in Table S6. Correlations of the factor mass spectra

As discussed in Sect. 3.1, only the two-factor solutionsWith reference mass spectra from the literature are shown in
from all sites are used for the following study. From the es- 1able S7.

timated uncertainties given in Table S5, an upper limit of For the two-factor solutions, time series of factor 1 of the

uncertainty at about 20 % for these two-factor solutions canffe€ sampling sites correlate better with time series of pri-

. . y 2
be deduced. This uncertainty of the PMF analysis, togethefary emission tracers (NGand BC, Pearson'®“ usually
with the uncertainty of the AMS measurement itself (30 %), on the order of 0.2 to 0.3) than with that of secondary species

2 B
results in a total uncertainty for the absolute mass concentralS® and NG, R= usually below 0.1). The respective mass

tions of the individual organic aerosol types from the PMF SPectra correlate very well (PearsoR$typically about 0.8)
solutions of ((30 % + (20 %})/2 = 36 %. with reference mass spectra of HOA (hydrocarbon-like or-

ganic aerosol; Ulbrich et al., 2009) and cooking-related or-
ganic aerosol (Allan et al., 2010; He et al., 2010), which
both are related to primary emissions. Time series of fac-
tor 2 of all three sampling sites correlate with time series of
secondary species (3@nd NQ, R? typically around 0.5
2.4 Particle dispersion model FLEXPART and 0.2-0.3, respectively), and the respective mass spectra
correlate very well with low-volatile OOA (low-volatile oxy-
The Lagrangian particle dispersion model FLEXPART genated organic aerosdt? about 0.9) and to a lesser extent
(Stohl et al., 2005), version 8.2, was used to assess the oralso with semi-volatile OOA (semi-volatile oxygenated or-
gin of air masses sampled at the stationary sites. 20-daganic aerosolR? about 0.6 to 0.7) (both from Ulbrich et al.,
backward simulations were performed for the Sub NE site2009). Therefore, we classify factor 1 of all three sampling
at 3 h time resolution using ECMWF (European Centre for sites as comparably fresh “HOA", while factor 2 is identified
Medium-Range Weather Forecasts) meteorological data bys more aged “OOA". These classifications are summarized
releasing 60000 particles at the measurement location anith Table S6.

PMF solutions of the AMS measurements in the Mobile
Laboratory as described in von der Weiden-Rditlar et
al. (2013) are also used in the following analysis. Those re
sults are described in Sect. 3.1.
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The correlations of the OOA factor time series are gener- «')E [ R R S R A
ally better with SQ mass concentration time series than with o, 4 J -8 HOA ,oing e, o
those of the semi-volatile N§ Furthermore, the retrieved 2 3 —8 HOAwfic_rel F
factor mass spectra do resemble more low-volatile OOAthan § 3% HOA -
semi-volatile OOA reference mass spectra (Table S7). Both :@ 1 :
observations point to the fact that the retrieved OOA factors § 2 E
are dominated by low-volatile rather than semi-volatile or- § 4 3 F
ganic compounds. Semi-volatile OOA is thought of as hav- o ] -
ing an oxidation state between HOA and low-volatile OOA & 0 -
: o . £ LIS L L L BRI B B B
(Jimenez et al., 2009); therefore it is not surprising that mass 00:00 06:00 12:00 18:00 00:00

spectra of the retrieved HOA and OOA classes do correlate
with the reference mass spectrum of semi-volatile OOA sim-
ilarly (R2 about 0.5 to 0.7), but neither exceptionally well. Fig. 2. Diurnal pattern (hourly median values for the whole cam-

The correlations of the HOA factor time series with the Paign) of HOA from the two-factor solution, and the two HOA-like
primary emission tracer time series are better than those witfctors (HOAvaffic rel.. HOAcookingrel) from the three-factor solu-
secondary species, but still rather IOWZ(usuaIIy about 0.2 tion retrle\{ed for the Downtown site. Percentiles (25 and 75 %, I!ght

. ., grey shading) are only shown for HOA from the two-factor solution

to 0.3). For the Downtown site, the HOA factor can be split for clarity.
up into two HOA-like factors when moving from the two- to
a three-factor solution (Fig. S5). From these factors, one fac-
tor (factor 3) correlates much better with the primary emis-
sion tracer time serieRf about 0.5 to 0.7), while the other published by He et al. (2010) than the H@dc rel. fac-
(factor 1) correlates much worsg9 < 0.2). In addition, fac-  tor (R% = 0.80). Thus, further work is needed to character-
tor 3 shows a much better similarity with HOA reference ize varying cooking sources and get a more comprehensive
mass spectra than the HOA from the two-factor solution.dataset of mass spectra and typical mass spectral markers
Since HOA usually is associated with emissions from traf- characteristic for ambient, cooking-related organic aerosol.
fic (e.g., Zhang et al., 2011), as are also the primary emissiohe diurnal pattern of the HOA especially from the Sub NE
tracers NQ and BC, this all together indicates that factor 3 site is similar to that of the Downtown site two-factor so-
represents a part of the total HOA from the two-factor solu-lution HOA (Fig. S7). Therefore, it cannot be excluded that

hour of the day (local time)

tion which is likely traffic-related.
Figure 2 shows the diurnal cycles of all HOA-like fac-
tors retrieved for the Downtown site with the different

also the HOA factors of the suburban sites contain a con-
tribution from cooking-related organic aerosol. This would
also explain the low correlations of the HOA factors with

PMF solutions. The more traffic-related HOA-like factor NOy and BC for these two sites. However, due to the mass
(HOAgaffic_rel.) from the three-factor solution peaks during spectral similarity of HOAgfic_rel. and HOAsooking rel., this

the morning and the evening hours, consistent with rush houseparation of the two HOA factors cannot be achieved for the
times. The other HOA-like factor from the three-factor solu- Sub SW and Sub NE site, which are not located in a region
tion shows a peak during the evening and around noon, whewith as many cooking-related sources nearby as the Down-
no peaks in N@ and BC are observed (Fig. 5a). Such a di- town site.

urnal pattern for a HOA-like PMF factor was also observed For Sub SW, the two aforementioned HOA factors can be
e.g. by Allan et al. (2010) in Manchester and London and at-distinguished via PMF of the high resolution mass spectra
tributed to cooking-related primary emissions. Similar to our (Crippa et al., 2013b). However, within the framework of this
findings, also Allan et al. (2010) found only a weak corre- paper, where we compare measurements at the three differ-
lation of the time series of this factor with that of BC. The ent stationary sites, only the two-factor solutions from PMF
interpretation of this factor (factor 1 of the three-factor solu- of unit mass resolution mass spectra are used for all sites
tion) as “cooking-related organic aerosol” (H@fking rel.) for better comparability. As both, traffic- as well as cooking-
would be reasonable since the Downtown measurement siteelated emissions, are generated by local primary emissions
was situated in an area where several restaurants are locatazpposed to more aged secondary species within the OOA fac-
However, comparison with reference mass spectra provetor, and since this is the main information needed for the fol-
difficult, as the mass spectra found for traffic- and cooking-lowing analysis, this mixture of different sources within a
related emission sources are very similar. Both the massingle factor is no drawback.

spectra of our more traffic-related HOA factor as well as For the Mobile Laboratory AMS measurements during
the apparently more cooking-related HOA factor correlatethis campaign, von der Weiden-Reiiilier et al. (2013) were
well (R? > 0.8) with the cooking-related organic aerosol fac- able to identify a physically meaningful four- and a five-
tors found by Allan et al. (2010); however, contrary to ex- factor solution from the PMF analysis. In the four-factor so-
pectations, our HO&yoking rel. factor correlates worsaR@ = lution, one traffic-related HOA-like factor (HQAffic_rel.)s
0.64) with cooking-related organic aerosol source spectraone cooking-related HOA-like factor (HQ#oking rel.), ONe
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Fig. 3. Examples for(a) “Central Europe”,(b) “Atlantic Polluted”, and(c) “Atlantic Clean” air masses distinguished using FLEXPART
footprint emission sensitivitie§he numbers in circles denote the approximate location of the centroid of the air mass at the respective
number of days prior to sampling.

semi-volatile OOA-like factor, and one low-volatile OOA-  Only during the first days of the field campaign, air masses
like factor were retrieved. The first three factors were foundfrom eastern continental Europe were advected; an exam-
to be associated with the Paris emission plume. In the fiveple is shown in Fig. 3a. These air masses, which had trav-
factor solution, one more semi-volatile OOA-like factor was elled for several days over polluted continental regions, were
retrieved, which originates from both the low-volatile OOA- classified as “Central Europe” air masses. For the remaining
like and the three plume-related factors from the four-factortime of the campaign, air masses were mostly advected from
solution. For the four-factor solution, from the long-term south-westerly to north-westerly directions, namely from the
intercomparison measurements at the Sub NE site, it wa#étlantic Ocean, passing western France on different routes.
found that low-volatile OOA retrieved from the Mobile Lab- They were classified as “Atlantic Clean” or “Atlantic Pol-
oratory AMS data corresponds to the OOA retrieved fromluted” air masses, depending on their residence time over
the Sub NE site data (PearsorR® for linear correlation  continental areas. This residence time was estimated using
of time series: 0.91; for mass spectra: 0.99), while the sunthe location of the centroid of the air mass 24 h prior to sam-
of HOAraffic_rel., HOAcooking rel. and the semi-volatile OOA-  pling (provided from the FLEXPART simulations, denoted
like factors of the Mobile Laboratory AMS (this sum further with a circled “1” in Fig. 3b and c). Air masses which were
referred to as “HOA’ for the Mobile Laboratory) corresponds travelling rather fast (which means, the centroid of the air
to the HOA retrieved at the Sub NE sitR{ for time series: mass was far outside the French west coast one day prior
0.81; for mass spectra: 0.90). From the intercomparison meao sampling; this corresponds to a travelling velocity of the
surements at all stationary sites, good correlations betweeair mass of approximately 1200 km per day, i.e. an average
the OOA and the HOA factor time series of the Mobile Lab- transport velocity of~ 14 m s 1) were regarded as “Atlantic
oratory and the respective sites are found (Table S8), with &lean”, as they did not have a long residence time over con-
deviation within the uncertainty of 20 % which was calcu- tinental areas (Fig. 3c) before arriving at the Paris metropoli-
lated for the PMF factors in Sect. 2.3. Also the mass spectrdan area. Air masses at the coast or over land one day prior to
(Fig. S8) exhibit the same features for each organic aerosatampling were classified as “Atlantic Polluted” (Fig. 3b), un-
type at all sites. For the five-factor solution, the “new” semi- less removal processes especially via precipitation had taken
volatile OOA cannot be assigned clearly to either the OOAplace during the last two days of the travelling time of the air
or the HOA from the stationary sites. Therefore, in the fol- mass before arrival at the sampling sites, in which case they
lowing analysis, HOA and OOA from the two-factor solu- were classified as “Atlantic Clean”. Furthermore classified as
tions for the stationary sites, and the corresponding OOA"Atlantic Polluted” were air masses which had remained for
and combined HOA-like factors from the four-factor PMF a longer period of time over Spain and the heavily anthro-
solution for the Mobile Laboratory (combined as describedpogenically influenced region in the Atlantic Ocean between
above) are compared to each other within the associated urSpain and France.
certainty discussed in Sect. 2.3. The resulting time series of various aerosol components,
measured with the AMSs at the three stationary sites, to-
gether with the air mass classification are shown in Fig. 4.
3.2 Classification of air masses The uppermost panel of Fig. 4 shows the time series of
the absolute continental contribution to tfatprint emis-

The air masses sampled at the stationary sites were classifi jon sensitivityof the sampled air masses as calculated from
P y EXPART (see Sect. 2.4). In total, 62 h of “Central Eu-

ing th tput of the FLEXPART simulati d ibed :
using the oulpt of the stmuiafions describe ope”, 257 h of “Atlantic Polluted”, and 423 h of “At-

in Sect. 2.4. Three major classes of air masses were distir{- tic Clean” ai led durina the whol
guished: “Central Europe”, “Atlantic Clean”, and “Atlantic antic Llean” ar masses were sampled during the whole

Polluted”.
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Fig. 4. Classification of the sampled air masses (orange, green, an
blue background for “Central Europe”, “Atlantic Polluted”, and “At-
lantic Clean” air masses, respectively), time series of calculated ab;
solute continental contribution footprint emission sensitivityand
selected species (PNO3, NHg4, organics, and OOA and HOA
retrieved from total organics using PMF) measured with the AMS
at the three stationary sites (Sub NE: medium coloured, Downtown:
light coloured, Sub SW: dark coloured curves). Some local events
at single sites in the time series of §@nd SQ as discussed in
Sect. 3.3.1 are marked.

Eig 5. (a)Diurnal cycles (hourly median values) of BC mass con-
centration at the three stationary sites (for the whole campaign, and
for “Atlantic Polluted” and “Atlantic Clean” air masses separately).
Percentiles (25 and 75 %) are shown exemplarily in light grey for
the measurement at Sub NE (whole campaign); all other percentiles
are omitted for clarity. The time period between sunset and sunrise
is shaded in greyb) Diurnal cycles (hourly median values) of EAS
“humber size distribution and CPC number concentration measured
at the Sub NE site.

measurement period. A discussion of the characteristics ofure was lower and wind speed was higher on average for

the different types of air masses is given in the next section. the “Atlantic Clean” air masses. Since, by definition, the rel-
evant difference of the “Atlantic Clean” air masses from the

3.3 Influence of air mass origin and meteorology “Atlantic Polluted” air masses is the shorter residence time
over land, this higher average wind speed associated with the
3.3.1 Averages and diurnal cycles former air masses is not surprising. The differences in resi-

dence time over land for all three air mass categories are also
Averages of selected meteorological, gas phase and particlevident in the continental contribution to theotprint emis-
phase parameters for the different sites and air masses agsgon sensitivitywhich from the FLEXPART calculations was
given in Table 3. The origin of air mass was similar for both found to be highest for “Central Europe” air masses, and low-
“Atlantic” air masses, which is also reflected in the averageest for the “Atlantic Clean” air masses.
wind directions (south to south-west for the “Atlantic” air ~ Primary emission tracersat all sites, the diurnal cycles
masses, north-east for “Central Europe” air masses). On thef the primary emission tracers BC (Fig. 5a), HOA (Figs. 2
other hand, meteorological parameters such as average terand S7), and NQ(not shown; the diurnal cycle is compara-
perature and wind speed were more similar between “Cenble to that of BC) show peaks during the morning and the
tral Europe” and “Atlantic Polluted” air masses. Tempera- evening rush hours, consistent with their association with
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Table 3.Meteorological parameters measured at and modelled for Sub NE; gas phase parameters and particle chemical composition measure
at the respective sites. Given are the averages with uncertainty ranges as deduced in Sect. 2, except for meteorological parameters, whe
means and standard deviations are provided. Chloride as measured by the AMS was below‘(?.hpglhsites for all averages and was

therefore not regarded for this analysis.

Meteorology

Temperature/  Relative Wind speed  Wind Continental contribution/
Air mass °C humidity/% /ms? direction ns kgl
“Central Europe” 24t 4 64+ 15 1.3+1.1 23.7° 62+ 30
“Atlantic Polluted” 2244 57+17 1.44+1.3 189.1° 34+28
“Atlantic Clean” 18+ 3 63+ 15 2.2+1.6 243.2 20+21
Gas phase parameters
NOx/ppb Gs/ppb
Air mass Sub NE Downtown  Sub SW Sub NE Downtown  Sub SW
“Central Europe” 182 21+4 - 51+5 60+ 6 -
“Atlantic Polluted” 1042 20+4 9+2 32+3 29+3 33+3
“Atlantic Clean” 11+2 1543 6+1 25+ 3 25+ 3 26+ 3
Particle phase chemistry
BC/ugnt3 HOA/ug n3
Air mass Sub NE Downtown Sub SW Sub NE Downtown Sub SW
“Central Europe” 14202 2.3+0.2 - 2509 2.1+0.8 -
“Atlantic Polluted” 1.2+0.1 1.7+0.2 0.8+£0.2 2.2+0.8 2.4+0.9 1.5+0.5
“Atlantic Clean” 1.0+£0.1 1.0+£0.1 0.6+0.2 1.2+£0.4 1.3+:05 0.5+0.2
SOy/pg M3 OOA/pug T3
Air mass Sub NE Downtown Sub SW Sub NE Downtown Sub SW
“Central Europe” 42213 3.8+1.1 - 7.1+28 6.0£2.2 -
“Atlantic Polluted” 0.9+0.3 1.1+0.3 1.1+0.3 24+0.9 25+0.9 1.8+0.6
“Atlantic Clean” 1.1+£0.3 1.2+04 1.0+0.3 0.9+0.3 0.9+0.3 0.7+£0.3
NO3/pg m—3 NHa/pg m—3
Air mass Sub NE Downtown  Sub SW Sub NE Downtown  Sub SW
“Central Europe” 2106 24+0.7 - 21+0.6 1.9+0.6 -
“Atlantic Polluted” 0.2+0.1 0.3+0.1 0.2+0.1 0.44+0.1 0.4+0.1 0.3+:0.1
“Atlantic Clean” 0.2+0.1 0.2+0.1 0.1+£0.03 0.5+0.2 0.4+0.1 0.3+£0.1

traffic emissions. The HOA diurnal cycles furthermore ex- the whole Paris area, and emissions close to the measurement
hibit a peak around noon due to additional primary emis-stations seem to be dominating also at the suburban sites.
sion sources, such as cooking, as discussed in Sect. 3.1. TA#e effect of advected primary emissions of these tracers
mixed layer height begins to rise in the morning starting with from the greater Paris area (the latter being referred to as the
sunrise at about 05:30, and reaches its maximum at arountParis emission plume” within the context of this work) was
18:30. After that it declines and reaches its lowest valueonly found to make a minor contribution to primary emis-
around 20:00 (slightly before sunset), and remains constangion tracer concentrations at the suburban sites, as discussed
at this level throughout the night (Fig. S9). Therefore, the ob-in Sect. 3.5.

served maximum of primary emission tracer concentrations For both types of “Atlantic” air masses, diurnal cycles

in the morning at around 08:00—09:00 cannot be solely in-of primary emission tracers show comparable shapes for
duced by the breaking up of the boundary layer, but also isall three sites. Differences are only observed in the abso-
caused by the temporal variation of local emission strengthslute values reached, which is also reflected in the averages
As those peaks occur simultaneously at all three stationarpf NOx volume mixing ratio, and HOA and BC mass con-
sites, and show no delay in time relative to each other, locatentrations for the different air masses as shown in Ta-
emissions of HOA, BC, and NOseem to be present within ble 3. At a given site, generally those averages are similar
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Fig. 6. Diurnal cycles (hourly median values) for OOA (left) and S@ght) at all sites for the whole campaign, and for “Atlantic Polluted”
and “Atlantic Clean” air masses separately. The time period between sunset and sunrise is shaded in grey. Percentiles (25 and 75 %) ar
shown in light grey exemplarily for the measurements at Sub NE only (whole campaign).

for “Central Europe” and “Atlantic Polluted” air masses, but local conditions seems to be the dominating factor that deter-
lower for “Atlantic Clean” air masses. This is especially visi- mines the pollutant concentrations. The regional character of
ble at the Downtown site, while at Sub NE, this is observableSQy is also reflected in its diurnal cycle (Fig. 6), which shows
only for some species (especially HOA). For Sub SW, nono or only a very small diurnal trend for any of the sites and
averages for “Central Europe” air masses are available duair masses. This lack of differences between the two types
to instrumental downtimes. These differences of the primaryof “Atlantic” air masses in S@diurnal cycles and average
emission tracer concentrations for the different air massesnass concentrations indicates that the relatively short resi-
cannot be due to air mass origin or spatial distribution of lo- dence times over land for both of these air masses are (in the
cal sources, since then rather the two “Atlantic” air massesabsence of cloud processing) not sufficiently long to gener-
would show similar concentrations of primary emission trac-ate SQ from precursor gases that were picked up (Seinfeld
ers than “Central Europe” and “Atlantic Polluted”. This be- and Pandis, 2006). This is also supported by the fact that the
haviour can rather be explained by the higher average windneasured average g@ass concentrations for “Atlantic” air
speed which was observed during the “Atlantic Clean” air masses of about 1 ugm are typical for anthropogenically
masses, which leads to a larger dilution of primary emissiondnfluenced marine air masses without significant continen-
and consequently to lower concentrations of the associatethl influence, as it was measured with the AMS in several
tracers compared to the situation for the other two air masse€uropean coastal regions. For example 4 3@ass concen-
Therefore, in our case, wind speed seems to be the dominatrations of 1.15 ug m? for continental marine aerosol were
ing factor for the averages of primary emission tracers ob-measured in early summer 2008 at Mace Head (Dall’Osto
served at a given site. et al., 2010a, b), and 0.91 pgrh of SO4 were measured
For a given air mass, average concentrations of primaryfor marine aerosol in late autumn 2008 at the southern coast
emission tracers generally are different for the three measuresf Spain (Diesch et al., 2012). This aerosol is hot necessar-
ment sites. This is due to the different exposure of the sites taly of biogenic origin, as for pristine regions, much lower
primary emissions, as described above, and in addition due tparticulate sulphate mass concentrations have been reported,
the different influences of advected emissions from the wholee.g., 0.18 ug m® in clean South Atlantic regions (Zorn et al.,
agglomeration, as discussed in Sect. 3.5. In contrast, for se008). Therefore, a large extent of this aerosol is likely due
ondary species OOA, SONOs, and NH;,, within the uncer-  to e.g. ship emissions and other anthropogenic sources.
tainties the same average mass concentrations are observedThe diurnal cycle of N@, on the other hand, is driven both
at all sites for a given type of air mass. A similar distribution by the temperature and RH dependence of the gas-particle-
is found for Q. This seems to indicate a more regionally ho- partitioning of NH{NO3 (Fig. 7). Again, average mass con-
mogeneous distribution of these secondary species over theentrations are much higher for the “Central Europe” air
greater Paris region, rather than a distribution dominated bynasses than for the “Atlantic” air masses. Differences in
local production. This conclusion is backed up by a back-mass concentrations between the two “Atlantic” air masses
ground measurement case study using the Mobile Laborawould be much more likely to expect for NGhan for SQ,
tory, which is presented in Sect. 3.4. as NG forms much faster from precursor gases (Seinfeld
Inorganic speciesat all sites, comparable average massand Pandis, 2006). However, due to the very low measured
concentrations for inorganic species (@03, NH4) were  mass concentrations, no significant differences can be found
measured during both “Atlantic” air masses, but much higherbetween the two types of air masses. The same holdsgor O
mass concentrations were found when “Central Europe” airand for NH,;, which neutralizes Spand NG almost fully
masses were advected. Here, origin of air mass rather thaduring the whole campaign (see also Sect. 2.2.2).
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mass concentrations measured at the three stationary sites
differ significantly (meaning beyond the uncertainty) from
each other (Fig. 4). Such events either indicate that slightly
different air masses were probed at the sites, or could be due
E to gas phase precursors of rather local origin, e.g. nearby
[ 50 SO emissions that do not affect all sampling locations in

: the same way. Such events are not reflected in the total av-

— OOA
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relative to maximum
0, / @Injesadwsa}
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0014 ko erages, as those time periods are very short compared to the

OOA, NOz; mass concentration

00:00 os;ogour 0: ?ﬁzoday (|<1> (E:);?(:ime) 20:00 overall sampling time. Two significant events in the;Sithe
series can be identified to be due to the fireworks on 13 and
Fig. 7. Diurnal cycles (hourly median values) for the whole mea- 14 July. These events are visible at the Downtown and Sub
surement campaign for the temperature and RH, and diurnal cycleNE site to a different extent, and not at all at the Sub SW site.
for NO3z and OOA, normalized to their respective maxima, all mea- During both time periods, wind direction was predominantly
sured at Sub NE. Percentiles (25 and 75 %) are shown in light pinfrom the south (135-247% such that the Sub NE site was
for OOA, and in light blue for N@. The time period between sun- much more affected by the surrounding fireworks than the
set and sunrise is shaded in grey. Deliquescence RH foiNG3 other sites. Similarly large contributions of fireworks aerosol
?rfesijﬁ’ d(ft?)rtﬁgolci:;uis demr:eld and Pa;d(ljs, 200? fﬁr;hﬁ tr_ansuttuc;rll_ of {0 SOy and organics mass concentrations have already been
q phase Is marked as a aashne orizontal line. found by Drewnick et al. (2006).
Oxygenated organic aerosol (OOAgtso for OOA, simi-
lar mass concentrations are found at all three stationary sites

In summer 2010, PMmeasurements with an AMS were throughout the campaign, and different average mass concen-
performed at a research station at the Puy 8enB (1465m trations are found for different types of air masses. However,
altitude) in south-central France (Freney et al., 2011). Duringin contrast to the inorganic species described above, here
this campaign, air mass origin most of the time was similaralso different average mass concentrations are found between
to air masses classified as “Central Europe” in the presenthe two types of “Atlantic” air masses: OOA average mass
study. Freney et al. (2011) found average mass concentraconcentration increases with increasing continental contri-
tions of 5.45ugm?3 of SOy, compared to 4.2 1.3 ug N3 bution, i.e. with lower wind speed and resulting prolonged
(measured at Sub NE during “Central Europe” air massesyesidence time over the continent. This different behaviour of
in this study. NQ was even better comparable (2.33 g  OOA compared to S@is explainable both by other emission
compared to 2.3 0.6 ug n2 as found in the present study). sources (both biogenic and anthropogenic) as well as other
Therefore, inorganic mass concentrations measured duringhemistry (faster conversion into oxidized and condensable
this campaign during “Central Europe” air masses seem taspecies). This difference in behaviour is also reflected in the
be common for such types of air masses, at least in summeuiurnal cycle of OOA observed at the stationary sites (Fig. 6).
time. While S, shows no strong diurnal cycle, a clear diurnal pat-

The influence of air mass origin on inorganic species masgern is found for OOA for all sites and air masses. Starting
concentrations measured in Paris was also found by Sciararound noon, OOA mass concentration increases until a max-
et al. (2010) in a previous study. During this measuremenimum is reached in the afternoon at about 16:00-17:00. This
campaign in May/June 2007, the total ion mass concentrais explainable by secondary organic aerosol formation after
tion in PMy 5 was found to be much higher for air masses photo-oxidation of precursors (Ait-Helal et al., 2013), lead-
advected from continental Europe than for air masses origiing to condensation on the pre-existing particles, but poten-
nating from the Atlantic. However, no quantitative compar- tially also to new particle formation. After photo-oxidation
isons to measurements in the present study are possible dukeclines due to decreasing sunlight, the generation of newly
to the differences in measured particle size range. A simiformed OOA is reduced and existing OOA is diluted, caus-
lar influence of the air mass origin on measured inorganicing a decline in the OOA diurnal cycle mass concentrations.
mass concentrations was found for the AMS measurementBuring the night, both ambient temperature and the bound-
performed during the MEGAPOLI winter campaign in Paris ary layer height are decreasing, so more semi-volatile OOA
in January/February 2010 (Crippa et al., 2013a). Thereforeis condensing onto existing particles and the particle num-
this strong dependency of inorganic mass concentrations ober concentration is enhanced due to the shallower boundary
air mass origin seems to be a general feature valid throughouayer. Rising boundary layer height and temperature in the
the year. morning lead to dilution of the particles and to re-evaporation

Generally no strong differences are observed between thef such semi-volatile species, similar to the temporal varia-
three sampling stations for the more regionally homoge-tion of NO3 (see Fig. 7). However, in comparison with the
neously distributed secondary species. However, from theadvected, regionally distributed OOA (as discussed above),
direct comparison of the time series, one event iy 8@d  the possible contribution of such locally generated OOA is
several events in N time series can be observed where small. The predominantly regional character of OOA (as well
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as of SQ) has also been reported for the REPARTEE cam- For the three different types of air masses, median mass
paigns, which were conducted in autumn 2006 and 2007 irsize distributions (meaning the median with respect to the
the London metropolitan area (Harrison et al., 2012). Here asime series of the size distribution) of species measured with
well, only a small influence on measured OOA mass concenthe AMS at Sub NE are shown in Fig. 8. During all air
trations from local production has been found. This suggestsnasses, organics, NOSQy, and NH,; are found in a sin-
that the findings from this study might not only be valid for gle mode at around 300 nm (“Atlantic” air masses) to 400 nm
Paris in summertime, but also to some extent for other largg“Central Europe” air masses) vacuum-aerodynamic diame-
European urban agglomerations in different seasons. ter (dya). This shift of the accumulation mode to larger size in

As mentioned above, the diurnal cycle of OOA shows anthe “Central Europe” air masses is consistent with the dom-
increase in OOA mass concentration around noon, when alsmance of more aged aerosol particles within these highly
indications for particle growth are observed in the diurnal cy- continentally influenced air masses. According to their size
cle of the EAS size distributions. Sources of these growingdistributions, organics, N§) SOy, and NH; seem to be in-
particles may either be freshly nucleated particles (with un-ternally mixed within the accumulation mode, which would
known composition), or small particles originating from pri- be in line with the assumption of aged material. For the or-
mary emissions (e.g., engine exhaust). This larger abundanaganics, a second, externally mixed smaller mode is observed.
of smaller particles is consistent with simultaneously increas-This mode could be caused by fresh primary emissions, e.g.
ing number concentration measured by the CPC, reaching itef traffic exhaust, as has been found before (e.g., Zhang et al.,
maximum around 16:00-17:00 (Fig. 5b, all measured at Sut2005; Drewnick et al., 2004a). In Fig. 8, indicated with a grey
NE). These events must be taking place over extended areakne, the two organic modes have been divided at 25%un
as the probed air masses are not stagnant, but constantly mothe minimum between both modes, as a best estimate. As-
ing over the stationary measurement site at wind speeds afuming spherical particles and a density of 1.59 géras
about 2.6 ms?! (average value). Other features present in thecalculated from the average chemical composition measured
EAS diurnal cycle are likely associated with coagulation andwith the AMS, this diameter corresponds to a mobility di-
primary emissions: Starting at about 18:00-19:00 and lastingameter of 163 nm (DeCarlo et al., 2004). This agrees with
until about midnight, large number concentrations of parti- the particle size range of 40—200 nm for which in the diur-
cles with mobility diameters between about 40 and 200 nmnal cycle of the size distributions measured with the EAS
are detected; the same is observed in the morning from abouwdistinct peaks were found, which were attributed to primary
06:00-11:00. Both peaks correspond to the peaks in the diemissions (Fig. 5b, Sect. 3.3.1). Also shown in Fig. 8 are
urnal cycles of primary emission tracers. After midnight, the the contributions to the total organics mass concentration by
particle number concentration decreases, and also the partparticles smaller and larger than 259 dgg, i.e. by the fresh
cle size distribution changes, and particles smaller than abowtxhaust-related and the aged particles, respectively. This sep-
50 nm decrease in number concentration. Air masses weraration on the basis of the mass size distribution agrees well
not totally stagnant even during night time, but wind speeds(within 6 %) with the contribution of the mass concentrations
were very low, such that this behaviour is more likely ex- of HOA and OOA to the total organics mass concentration
plained by coagulation than by dilution. The temporal be-for the respective air masses determined using PMF anal-
haviour agrees quantitatively with estimations for the lossysis. These contributions, calculated from the median mass
rate of small particles by collision with the surface of larger concentrations of HOA and OOA retrieved using PMF anal-
particles following (Hinds, 1999) (Sect. S1 and Fig. S10 in ysis, were 23.8% HOA and 76.2% OOA for “Central Eu-
the Supplement). rope”; 43.3 % HOA and 56.7 % OOA for “Atlantic Polluted™;

A comparison of size distributions from different instru- and 50.6 % HOA and 49.4 % OOA for “Atlantic Clean”. All
ments for different air masses is provided in the next sectionthese considerations seem to support the assumptions of pri-

mary emissions (represented by HOA) being dominant in
3.3.2 Size distribution characteristics the smaller Organic mode (i-m\/af 259 nm)' and of sec-

i o i . ondary organics (represented by OOA) being dominant in the
Size distributions were measured z_it a_II th_ree statlonqry S'tesliarger size mode, internally mixed with inorganic, secondary
hpwever, to be .able to com_pare dlstr|put|ons from d'ﬁerentspecies. Likely due to the fact that also species of the re-
sites, thorough intercomparison experiments between the ingpetive other type are mixed into each of the size fractions,
struments are needed, which is outside the scope of this angl 555 spectra from the first and the second organic mode show
ysis. Here, we discuss only characterlstlcs of size c_jlst_rlbu-no strong differences. Even/z 44, which would indicate
t!ons for the different types of air masses. All size d|s_tr|bu- dominance of more aged organic aerosol particles (Aiken et
tions presented here were measured at the Sub NE site. 5 '5008g) s only insignificantly enhanced in the larger size

mode. Also the size distributions of the mass spectral mark-
ersm/z 57 (traffic-related HOA) and:/z 44 (OOA) do not

show a clear structure. This might be due to both the afore-
mentioned potential slight mixture as well as to the influence
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density (calculated from the respective chemical composition

vl 1 vl 1 vl

30 wCentral — AMS total|_ as measured with the AMS) were assumed. Other reasons
8 Europe" — Organics |- could be a higher relative abundance of refractory species
20 1 25.0% 750% S04 B BC, which is not detected by the AMS, in the smaller parti-
10 - - sgj cle size mode, or sampling losses, both in the AMS sampling
1 - lines and the instrument itself. This is likely the reason espe-
e 07 i g cially for the underestimation of the very small particles be-
;3 ] "Atlantic Polluted" |- 12 g low dya = 70 nm, because these are very inefficiently trans-
< 54.6 % -8 g mitted through the AMS inlet system to the AMS vaporizer
S ] 4 ‘j; (Liu et al., 2007). Uncertainties of the EAS number concen-
§ 4 L ‘g trations (see Sect. 2.2.1) additionally contribute to the differ-
© 105 =0 o ences.
8 “"Atlantic Clean” | When comparing the particle size distributions from all in-
6 — (without fireworks)| struments for different air masses, the strongest differences
44 oo - in the particle volu_me size distributions are found in the
2 - measured total particle volume concentrations. The total par-
0 ticle volume concentration is highest for “Central Europe”

) s and lowest for “Atlantic Clean” air masses, especially in the
10 10 10 submicron size range. This agrees with the average aerosol
particle diameter d,,, / nm . . .
mass concentrations measured with the AMS, as described
Fig. 8. AMS median mass size distributions for different air masses, in Sect. 3.3.1. Furthermore, AMS as well as EAS size distri-
measured at Sub NE. For the “Atlantic Clean” air masses size disbutions both show a shift of the maximum submicron parti-
tributions, time periods influenced by fireworks were excluded. Forcle volume concentration to larger diameters for the “Central
organics size distributions, only/z’'s up tom/z 100 were used  Europe” air masses, as described above for the AMS only.
to reduce noise. The "AMS total” is the sum of the species shown. | the EAS number size distributions (Fig. 9a—c), differ-
Chloride showed no significant signal during any of the air massesances between different air masses are more distinct. First
The AMS size distributions shown are scaled to the median of theof all. due to the reasons described above. the accumulation

measured mass concentrations for the respective time period anr(;}‘ode is shifted to larger particle sizes for the “Central Eu-

species. Given in the graph (green numbers) are the mass con- ~ =~ d to the “Atlantic” ai £
tributions to the total organics from particles in the size range rope” air masses compared to the antic” air masses. Fur-

dya < 259 nm (left) anddva > 259 nm (right). The size of 259 nm thermore, Qiﬁergnces in the absplute values of the number
dvais marked with a grey vertical line. concentrations in the accumulation mode are observed be-
tween the two “Atlantic” air masses, while nucleation mode
particles (between 10 and 20 nfpop) show similar number
concentrations for all three air masses. However, as discussed
of cooking-related HOA, which shows less significant sig- in Sect. 2.2.1, the number concentrations measured by the
nal of m/z 57, but a larger influence at/z 44 than traffic- ~ EAS for the smallest particle sizes have to be regarded with
related HOA (compare Fig. S5). To resolve HOA and OOA higher uncertainty. In Fig. 10, medians of the EAS number
also in the size distributions, more sophisticated tools likesize distributions measured at Sub NE during “Atlantic” air
three-dimensional PMF would be needed, as has recentlynasses are presented, binned for different associated wind
been applied to AMS data by Ulbrich et al. (2012). speeds. The normalized size distributions (Fig. 10, upper
A comparison of particle size distributions for the different panel) show a clear wind speed dependence of the shape of
air masses measured with different instruments at Sub NE ishe distributions. At low wind speed<(0.4 ms 1), the ac-
given in Fig. 9. Particle volume size distributions (panels d—cumulation mode dominates the size distribution, while the
f) determined from the measurements of the different instru-nucleation mode is rather weak. With increasing wind speeds
ments agree within 10%. Only the OPC distribution showsthe relative intensity of the accumulation mode decreases and
a larger discrepancy of about 20% on average, likely duethe nucleation mode dominates the size distribution more and
to the fact that the optical diameter measured by this instrumore until at a wind speed of about 2 misthe shape of the
ment is not fully comparable to those of other instruments’ distribution remains stable. From this point on a further in-
measurements. In the particle number size distributions (panerease in wind speed only results in a reduction of the ab-
els a—c), all instruments agree above 200dyp,. However,  solute number concentrations at all particle sizes (Fig. 10,
significant differences are observed between the AMS andower panel).
the EAS below 200 nmimep. These differences could be due  These observations can be explained by a combination of
to additional uncertainty from the conversion of the mea-dilution and residence time influences. At low wind speeds,
sured AMS mass size distribution to a number size distri-due to the prolonged residence time of a given air mass over
bution, for which spherical particles with a size-dependentpolluted areas, more particles and precursor gases are picked
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Fig. 9. Size distributions (median) for the different air masses, measured at Sub NE with AMS, EAS, OPC, and Us-&R&Y/dlog dp,
(d-f) dv/dlog dp. AMS total mass is converted td/ddlog dp, and AMSadya to dmep assuming a size-dependent density (derived from the

chemical composition measured with the AMS). UV-ARS is converted talyqp assuming an average density of 1.65 gchifrom the
average chemical composition from AMS and BC measuremerit#jilalg dp of EAS, OPC, and UV-APS is calculated from the measured
dn/dlogdp, and vice versa for the AMS.

potentially condensation of secondary species before arrival

Y ST R,

1 L os % g at the site. This is further facilitated by the increased abso-
0 09 418 27 23 lute levels of both particle number and surface concentrations
36 45 54 63 88 6‘“2 as well as precursor gas concentrations under such condi-
I 7 04 é} tions due to reduced dilution. From theory (following Hinds,
. -02 32 3, 1999), it can be estimated that coagulation of the smaller par-
00 ° ticles would take about one hour to reach the size distribution
(e L observed during calm periods (Sect. S1 and Fig. S11 in the
""g Supplement).
= 107 B Both factors are consistent with the observations of me-
2 5| i dian number size distributions for the two “Atlantic” air
3 masses (Fig. 9b and c): during “Atlantic Clean” air masses,
= 0+ R B e Y a high average wind speed is found, together with a dimin-
10 100 ished accumulation mode compared to the size distribution
Paicls bt Oy { T observed for the “Atlantic Polluted” air masses, which also

Fig. 10. EAS median number size distributions for different wind arrive from awestem wind direction at the measurement site,
speeds. Upper panel: normalized to the highest value; lower panePUt @ré characterized by a lower average wind speed.
absolute values. Median size distributions of only the “Atlantic” N0 wind speed dependency is found for the super-
air masses are shown; only wind speeds are included which wer&licron particle concentrations, although at higher wind
measured for at least 100 min. Percentiles (25 and 75 %) are showapeeds, resuspension of coarse mode particles would be
exemplarily for wind speeds of 0m$ (light grey) and 6.3 ms! expected. Likely, higher wind speeds than typically en-
(light blue). countered throughout the measurement campaign would be
needed for an efficient resuspension of supermicron particles.

up along its way towards the measurement site. In otheB.4 Background measurement: a case study

words, under such low wind speed conditions emissions are

less diluted. In addition, during calm periods sufficient time On 15 July 2009 (“Atlantic Clean” air masses), a station-
is provided for small particles to grow by coagulation and ary measurement of the Mobile Laboratory was taking place
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Table 4. Average mass concentrations and volume mixing ratios along with associated uncertainties for the time period of the Mobile
Laboratory (MoLa) background measurement (15 July, 14:30 to 20:32).

Species MoLa Sub SW  Downtown Sub NE

BC  (ugnr3) 0.104£0.01 0.41:0.12 0.78:0.08 0.59:0.06
NOx  (ppb) 0.3t0.1  56+1.1 10421  7.3+15
HOA (ugnr3) 0.34+0.12 0.31:0.11 1.27:0.46 0.86:0.31
OOA (ugni3) 0.96+£0.35 0.80£0.29 0.98:0.35 0.97:0.35
SO,  (ugnr3) 1544041 1.12:0.34 1.29£0.39 1.00:0.30
NO3 (ugnr3) 0.14+0.04 0.12:0.04 0.17:0.05 0.09:0.03

O3 (ppb) 427443  415+42  40.1+4.0 42.7+4.3
from 14:30 to 20:30 local time at the location denoted 20+ - 14
in Fig. 1 (1°4746.2Y E, 482324.34' N). This measure- _ £ F12 &
ment location was upwind from the Paris metropolitan area 8 < "7 -10 3 [m@m BC
throughout the whole measurement time (wind direction 9?:?: 10- -8 g:% = ﬂgf
measured at the Mobile Laboratory: 194—-264nd located é 8 657 e
sufficiently far away from the city and any nearby sources ; 8 os- 4 g
to qualify as a real background site without any urban in- ® 8 ﬁ iﬁ I 2 B
fluence. This enables the differentiation between pollutants O-O'Biack;ound SubSW " Downtown” SubNE | °
dominated by emissions within the urban agglomeration and wind direction
pollutants which are transported from outside the city to _
Paris. Fig. 11. Average mass concentrations (BC, HOA, SOO0A) and

Averages of different tracer concentrations measured at alf®!ume mixing ratios (N&) measured at the three stationary sites
and at a background location (see Fig. 1) during the background

stationary sites and the Mobile Laboratory during this time measurement case study (15 July, 14:30 to 20:32; “Atlantic Clean”

frame are presented in Table 4 and Fig. 11. Within the uncery;, masses). Error bars represent the associated estimated uncertain-

t?‘intie& averages of SONGs, and OOA mass concentra- ies for intercomparison purposes (see Sect. 2). The arrow indicates
tions, and of @ volume mixing ratios are the same at all the wind direction of the connected flow during the measurement
four measurement locations. This validates further the asperiod. The exact values and additional data fromgN@d G; are

sumption from Sect. 3.3.1 that these species are regionallgiven in Table 4.

homogeneously distributed over the greater Paris region and

not significantly influenced by emissions from the Paris ag-

glomeration. On the other hand, while smaller mass concen- )

trations of HOA and BC, and volume mixing ratios of NO directions of 225+ 11.25 (SW) represent a connected flqw
are measured at Sub NE and Sub SW than at the DowntowH©™ Sub SW over Downtown to Sub NE. To exclude in-
site, concentrations measured at the background station afi€nces of air mass origin and meteorology (as discussed
even much smaller than measured at the suburban sites. THig Sect. 3.3) as far as possible, only measurements during

reflects the fact that also the suburban measurement sites alfa€ Same type of air mass were compared. This was possible

heavily influenced by local emissions, as was already conSINce occasionally, for short time periods the local wind di-
ction measured in the Paris region was different from the

cluded in Sect. 3.3.1. Therefore, as both suburban sites aré _ 1 the Farl _ , .
influenced by local emissions, it is not straightforward to de- overall, dominant wind direction associated with the air mass
cide whether differences in concentrations measured at Sungin- During times when the “Central Europe” air masses
NE and Sub SW are due to pollution advected from the wholeVere sampled, Sub SW was predominantly located down-

Paris agglomeration, or originate from slight differences in Wind of Paris, while during times when “Atlantic Clean” air
local emissions. This issue is addressed further in the follow.Masses were sampled, Sub NE was predominantly located
ing section. downwind. Therefore, “Atlantic Polluted” air masses were

chosen for this analysis, in order to have sufficient mea-
3.5 Examination of the Paris emission p|ume surement time for both Sub NE (1248 min) and Sub SW

(797 min) being downwind of Paris while all instruments
To reliably examine the influence of the emission plume were operating.
of Paris on the suburban stationary sites, quasi-Lagrangian Averages for measured species concentrations from all
measurements under connected flow conditions are requiredites for the two cases Sub NE/Sub SW being downwind of
Wind directions of 45t 11.25 (NE) represent a connected the city centre are presented in Table 5 and Fig. 12. In both
flow from Sub NE over Downtown to Sub SW, while wind cases, the secondary species; 003, OOA, and Q show

www.atmos-chem-phys.net/13/933/2013/ Atmos. Chem. Phys., 13, 9838-2013
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Table 5. Averages of selected species measured at the stationary

-3

r25

s g, 3 o—' a) é sites from quasi-Lagrangian measurements at connected flow con-
o= ] 20 3 ditions during “Atlantic Polluted” air masses with Sub SW and Sub
8" % 204 L 15 % S NE being downwind of the city centre, respectively.
= S 1 - 10 ‘§ O
e ¢ 1.o—i H H ﬂﬁ g Sub SW downwind
o 2 1 I -5 2
28 ol o 3 Species Sub SW  Downtown Sub NE
= il B [T N E s | c
Sub SW ' Downtown  Sub NE = BC
SN = ngA BC (MgnT3) 1.18+0.35 1.55:0.16 1.00£0.10
wind direction =g NOx  (ppb) 1242 19+ 4 8+1
e b ~25 5 = OOA HOA (ug m_3) 2.33+£0.84 2.1A40.78 1.75:0.63
S 2 304 ) L0 5 OOA (ugnr3) 1.69+0.61 2.23:0.80 2.00:0.72
9% . SO;  (ugm3) 1.04+0.31 1.170.35 0.91£0.27
2 F 209 T8 & z NO3 (ugm3) 0.25+0.08 0.33:0.10 0.21+0.06
$ % 1 10 €~ O3 (ppb) 23+2 2543 2643
I £ 1.0+ =
g8 ] -5 2 Sub NE downwind
a $ i S
@ -
g 00 " Sub SW ' Downtown ' Sub NE o © Species Sub SW  Downtown Sub NE
wind direction BC (ugm3) 053+0.16 1.04£0.10 1.08:0.11
, , NOx  (ppb) 6+1 1242 10+2
Fig. 12. Average mass concentrations (BC, HOA, SOO0A) and HOA  (ug m*3) 0.79+028 1.37+0.49 1.52-055

volume mixing ratios (NQ) measured at the three stationary sites OOA (ugnt3) 1704061 2.30:0.83 1.98:0.71
during “Atlantic Polluted” air masses for quasi-Lagrangian mea- SO (gn3) 1.024031 1.05:032 0.79:0.24
surements at connected flow conditions wi#) Sub SW down- NO4 (g m3) 0.16i0.05 0'2& 0'07 0'2&1: 0.06
wind, (b) Sub NE downwind of the city centre. Error bars represent 3 HY ) ) ' ) ) '

the associated estimated uncertainties for intercomparison purposeso3 (ppb) 364 34+3 3r+4
(see Sect. 2). The arrows indicate the wind direction of the con-

nected flow during the measurement periods. The exact values and

additional data from N@and G are given in Table 5. is observed on top of the already large concentrations of as-
sociated tracers from local emissions in the environment of
the suburban sites. Therefore, only very rough estimates can
the same mass concentrations and volume mixing ratios, rebe given for the relative contribution of advected pollution to
spectively, within their uncertainties at all sites. Again, this the downwind sites. As an upper limit for the plume impact
shows the regional distribution of these species. On the otheonto the suburban sites, the measurements at the respective
hand, the primary emission tracers BC and ,\Nsbow dif- downwind sites can be used as an estimate. These are approx-
ferent average mass concentrations and volume mixing raimately volume mixing ratios of 8—14 ppb of NQand mass
tios, respectively, at the different sites. For HOA, although concentrations of about 1-1.5 ugfof BC and of about 1—
a primary emission tracer, the associated uncertainties arg@ugnt3 of HOA, containing both locally produced emis-
too high to allow the detection of any significant differences. sions and emissions advected from the Paris agglomeration
In the case of Sub NE being downwind of the city centre, to the suburban site. As a lower limit, the difference between
similar average concentrations of primary emission tracers atoncentrations measured at the respective downwind and up-
both the Sub NE and the Downtown site are observed, whilewind site can be used, assuming as a best estimate that local
lower average concentrations are observed at the Sub SWmissions at the upwind site are comparable to the ones at the
site. In the case of Sub SW being downwind, the BC massdownwind site. This results in lower limits of 0—1 pg#of
concentration of Sub SW is within the uncertainty compara-BC, 0-2 pugnt® of HOA, and 1-7 ppb of NQ Therefore,
ble to both other sites, while the BC mass concentration meafor the emission plume impact on the suburban sites, all in
sured at Sub NE is much smaller than measured at the Dowrall a rough estimate of 1-14 ppb of NOand upper limits
town site. The NQ volume mixing ratio is highest at the of 3ugnT3 of HOA, and of 1.5 ug m? of BC can be given
Downtown site, and lowest at Sub NE, with Sub SW volume from this analysis. The broad range of these estimates does
mixing ratio being almost comparable to the one measuredot only reflect the uncertainty from the used approach, but
at the Downtown site. This behaviour of measured mass conalso the high temporal variability of local emissions. Still,
centrations and volume mixing ratios for the different wind these estimates represent only very rough approximations of
directions indicates that indeed when the suburban sites arthe order of magnitude as they are heavily influenced by lo-
downwind of the Paris city centre, they are more stronglycal emissions. To be able to really quantify the impact of
influenced by advected emissions from the city and greatethe Paris emission plume on the affected downwind area,
Paris region. This primary emission tracer plume, howevernot only longer time periods of connected flow conditions
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Table 6. Selected results from measurements in megacities worldwide. Values represent the averages over the respective measurement periol
values in parentheses represent the lowest and highest value observed.

City, Measurement Nht SOy/ NO3/ Organics/ BC (or E€)/ NOx/ O3/
country period ug m3 ug m3 g 3 ug m3 ug m3 ppb ppb
London, Oct 2008 (~0-7) (~0-11.5) 0-13) ~0-19) ~0-10) 29-10940-420)  4-144 0-50)
England Oct/Nov 2007 (~0-11) ~0-10) ~0-27) (~0-54) ~0-15) 26-1660-600)  4-324 0-60)
Paris, Jan/Feb 2086 2 (~0-10) 2-3 ¢ 0-20) 4-5 ¢ 0-27) 5-6 - 0-30) 1-2 (- 0-16) ~0-200) n/a
France Jul 2009 (this study) 0.4-0.6 € D.L-5.7) 1.3-1.4(D.L.-17.3) 0.3-0.4¢D.L-13.7) 2.6-3.9 (0.05-442.4) 0.7-14D.L-16.2) 7-17D.L—185) 29-304 D.L.—108)
New York Jan/Feb 2084 1.65 (< D.L.-9.11) 2.41 (0.34-9.74) 2.58 (0.06-19.61) 48@(L-33.75) nla £10-210) n/a
City, USA Jul/Aug 2001 1.70 (< D.L.-12.46) 3.85 (0.01-54.26) 0.68 0.L.—9.55) 5.98&D.L.—64.95) n/a n/a n/a

Jul/Aug 2009 1.28 (0.06-3.67) 2.82(0.13-12.1) 0.49 (0.03-4.44) 6.34 (1.03-27.7) 000(-6.21) ~0-180) n/a
Los Angeles  Jun-Aug 2009 (~0-7) (~0-14) ¢ 0-15) ¢ 1-20) n/a £ 10-120) ¢ 0-120)
Basin, USA
Tokyo, Jan/Feb 2004 2.7 (~0-7) 1.8 (~0-4) 3.9 ¢ 0-11) ~7 (~0-17) nla 38.4 (22.2-58.0) 15.4 (3.8-28.4)
Japan Jul/Aug 2003 1.9 (~0-5) 3.2 (~0-8) 1.5 ¢ 0-10) ~7(~1-17) n/a 14 (9.5-20.6) 16.5 (5.8-29.6)
Mexico City, ~Apr 2003 2.2 (<D.L-14.8) 3.1&D.L-227) 3.7 (0.1-49.0) 21.6 (1.3-106.5) 3.4 (0.2-52.7) 31 n/a
Mexico Mar 2008 2.0 (~0-10) 3.6 £ 0-17) 3.5 (~0-26) 17.3(0-82) 4.2 ¢ 0-24) nia n/a
Beijing, Jul 2008 13.1 (0.27-42.7) 20.3 (0.23-82.3) 17.3 (0.5-79.2) 28.1(1.2-99.9) n/a n/a n/a
China

2 EC: elemental carbon.

b REPARTEE campaigns, (Allan et al., 2010; Harrison et al., 2012). For @ G;, ranges of averages and of lowest and highest values measured at different measurement sites
are given.

C Given as “average” is the range of averages measured at the three measurement sites; lowest and highest values represent the range of lowest to highest values observed at all
three sites.

d MEGAPOLI winter campaign, (Crippa et al., 2013a).

€ Detection limit.

f PMTACS-NY, (Drewnick et al., 2004b; Weimer et al., 2006).

9 (Sun et al., 2011).

h paco, (Hersey et al., 2011).

! (Takegawa et al., 2006b; Jimenez et al., 2009). Fok l@d G, instead of averages, median values and percentiles (25 and 75 %) are given.

J MCMA-2003, (Salcedo et al., 2006; Dunlea et al., 2007).

kK MILAGRO, (Aiken et al., 2009).

I'(Sun et al., 2010).

for quasi-Lagrangian measurements would be needed to getith a strong traffic impact are susceptible to higher concen-
statistically more significant estimates, but also plume meadtrations of primary emission tracers than measurement loca-
surements in more remote locations without impact of localtions e.g. in the suburbs or further away from major traffic
emissions. Such measurements are available for this canlines. This is obvious in the range of volume mixing ratios
paign from the Mobile Laboratory measurements, and arggiven for NQ, for the London campaigns, where a range of

presented in (von der Weiden-Reiiilier et al., 2013). values measured at different sites (located e.g. close to a ma-
jor road and in a park) is given: values from about 20 up to
3.6 Comparison to other megacities about 150 ppb are observed on average at such different lo-

cations. Furthermore, season has a strong effect on measured
In Table 6, a compilation of results from measurement cam-mass concentrations. This is obvious for theg\fiass con-
paigns in megacities worldwide is shown. Compared arecentrations, which generally are higher for the winter cam-
mass concentrations of NHNOs, SOy, and organics as Paigns when compared to the summer campaigns in the same
measured with the AMS, BC, and volume mixing ratios of City (€.g., less than 0.5 ugm in Paris in this study, and 4—
NOy and Q. Results from summer and winter campaigns 5 Hg nm2 for the winter campaign, Crippa et al., 2013a). For
are shown. As a general feature, total mass concentration@'ganics, it can be expected that secondary organic aerosol
(of AMS and, if available, BC, the sum of both nearly corre- formation is more effective in summer than in winter, favour-
sponding to PM) were comparable (in the range of less than ing higher particulate organic mass concentrations. However,
10 up to about 20 pg nM?) between the European megaci- also primary emissions are composed of organics, and while
ties London and Paris, the North American megacities Newnot only more primary emissions due to e.g. domestic heat-
York and the Los Angeles Basin, and the Asian megacitying are expected for wintertime, also the boundary layer con-
Tokyo. With about 30 pg m® during the selected measure- ditions in wintertime favour accumulation of primary emis-
ment campaigns, total PMmass concentrations were some- Sions, leading to higher observed mass concentrations of or-
what higher in Mexico City (Central America), while the ganics. Likely for these two counter-acting influences of sea-
by far highest average PMmass concentrations with about SOn on particulate organics mass concentrations, all in all,
80 pg nm 3 were observed in Beijing in Asia. However, it has Organics mass concentrations were rather comparable for the
to be kept in mind that the chosen measurement locationélifferent seasons within a certain city. Furthermore, it has to
might be very different. Locations in the centre of the city Pe noted that the compared measurement periods were rather
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short (usually in the order of about one month), and measured It was found that the secondary species OOA,S00s,
average mass concentrations are not necessarily representmd NH; as well as @ were regionally distributed over the
tive for the respective locations and seasons. greater region with no significant differences observed be-
In Mexico City, where somewhat higher total mass con-tween the three sampling stations. This finding was sup-
centrations were observed, a slightly larger fraction of theported by a case study that included also background mea-
total mass was due to organics (about 60 % as opposed tsurements farther upwind of the agglomeration using a mo-
typically 40-50 % in the aforementioned cities). This could bile laboratory. The OOA mass concentration observed at the
both be due to stronger secondary organic aerosol formasites was largely influenced by the residence time of the sam-
tion as a consequence of larger precursor emissions and ipled air mass over the continent. Furthermore, diurnal cycles
creased photochemical activity, and to larger primary emis-of OOA mass concentrations and of particle number size dis-
sions of particulate organic material. Mass concentrations ofributions indicated a small local contribution of secondary
inorganic material, on the other hand, were rather comparaerganic aerosol formation (leading to condensation and par-
ble to values typically observed during wintertime campaignsticle growth) to the OOA mass concentration and possibly a
in the aforementioned cities. In contrast, in Beijing, where by small fraction of semi-volatile OOA partitioning between gas
far the highest average mass concentrations were observednd particle phase. This local effect, however, was either too
the organic fraction was comparable to European and othesmall to be visible in averages over longer time periods, or
megacities; N@, however, was making up a large fraction of else it was present at all stationary sites to a similar extent.
the total mass even during this summertime campaign. ThiShe dominating fraction of OOA, however, seemed to be of
is explainable by less emission control of inorganic speciesregional rather than local origin, similar to the findings from
in China compared e.g. to Europe or North America (Hill, the REPARTEE campaigns in London (Harrison et al., 2012).
2010). This indicates that while in Beijing emission control The average mass concentrations of secondary species were
of inorganic species still can have a strong influence on theelevated during time periods with air masses being advected
average PM mass concentration, this is true to a lesser ex-from Central Europe, in agreement with other studies (Crippa
tent for Central and North America and Europe, where theseet al., 2013a; Sciare et al., 2010) as described in Sect. 3.3.1.
emissions are already largely regulated (Hill, 2010). Here,This all together indicates that the findings presented in this
the organic mass fraction plays a much larger role for the topaper are likely not only valid for Paris in summertime, but
tal aerosol burden. This is in line with the observations of also to some extent for other seasons and for other large Eu-
this study, which indicated a large regional control of PM ropean urban agglomerations. Further measurements in other
species even within the megacity of Paris, and only a compakEuropean urban agglomerations would be desirable to further
rably small fraction of PM originating from primary emis-  generalize this finding.
sions within the city. From quasi-Lagrangian measurements at the three station-
ary sites during connected flow conditions, a small influence
by the Paris emission plume on local air composition was
4 Summary and conclusions detectable. However, due to local emissions at the suburban
downwind and upwind sites themselves, only very rough es-
A one-month measurement campaign was performed duringimates for contributions of primary emission tracers,\NO
July 2009 in and around the megacity of Paris. Three stationBC, and HOA advected from the Paris region can be de-
ary sites were operated, enabling the measurement of spaluced. Volume mixing ratios of 1-14 ppb of NCand up-
tial differences of selected pollutants. Air mass origin wasper limits for mass concentrations of about 1.5 pgfnof
found to have the main influence on measured O0A4,SO BC and of about 3 ug i? of HOA were determined, orig-
NOgs, and NH; mass concentrations ands @lume mixing inating both from local emissions and from the overall Paris
ratio. These typical secondary species were regionally disemission plume. Further work is needed to quantify the Paris
tributed over the greater Paris region, and did not seem to bemission plume downwind of the city without influence of
significantly influenced by local emissions at the individual local emissions.
sites. On the other hand, apart from diurnal source strength
variations and proximity to emission sources, local meteo-
rology was found to be the main factor influencing the mea-
sured mass concentrations of BC and HOA, and the volume
mixing ratio of NG,. At higher wind speeds, dilution pro-
cesses led to lower concentrations of these primary emission
tracers, which were found to be originating predominantly
from the city itself. Differences in wind speed also had influ-
ence on the measured submicron particle number size distri-
bution, with an increased wind speed diminishing especially
the number of accumulation mode particles.
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Appendix A

List of abbreviations

AMS

APS

BC

CE

Chl

CPC
C-ToF-AMS

dca

dmob

do

dva

EAS

FMPS

HOA

H OAcookingrel.

HOA(raffic_rel.

HR-ToF-
AMS

IC

IE

LIDAR
MAAP
MEGAPOLI

MoLa
MS
NHg4

NO3
OO0A
OPC
PILS-IC

PMF
PToF
REPARTEE

RH

RIE
SMPS
SOy
Sub NE
Sub SW
TEOM-
FDMS
UV-APS

Aerodyne aerosol mass spectrometer
Aerodynamic particle sizer

Black carbon

Collection efficiency

Particulate chloride as measured by the AMS
Condensation particle counter

Compact time-of-flight aerosol mass spec-
trometer

Continuum-aerodynamic diameter

Mobility diameter

Optical diameter

Vacuum-aerodynamic diameter

Electrical aerosol spectrometer

Fast mobility particle sizer

Hydrocarbon-like organic aerosol
Cooking-related hydrocarbon-like organic
aerosol

Traffic-related hydrocarbon-like organic
aerosol

High-resolution time-of-flight aerosol mass
spectrometer

lon chromatography

lonisation efficiency
Light detection and ranging

Multi-angle absorption photometer
Megacities: Emissions, urban, regional, and
Global Atmospheric POLIlution and climate
effects, and Integrated tools for assessment
and mitigation

Mobile Laboratory

Mass spectra

Particulate ammonium as measured by the
AMS

Particulate nitrate as measured by the AMS
Oxygenated organic aerosol

Optical particle counter

Particle-into-liquid sampler coupled to anion
chromatograph

Positive matrix factorization

Particle time-of-flight

Regents Park and Tower Environmental Ex-
periment

Relative humidity

Relative ionisation efficiency

Scanning mobility particle sizer

Particulate sulphate as measured by the AMS
Suburban north-east site

Suburban south-west site
Tapered element oscillating microbalance —
filter dynamics measurement system
Ultraviolet aerodynamic particle sizer
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