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Abstract. As part of the EUCAARI Intensive Observing Pe- tal cases, hygroscopic growth factors (GF) and cloud conden-
riod, a 4-week campaign to measure aerosol physical, chensation nuclei (CCN) to total condensation nuclei (CN) con-
ical and optical properties, atmospheric structure, and cloudatentration ratios were significantly less in the younger pol-
microphysics was conducted from mid-May to mid-June, lution plume, indicating a more oxidized organic component
2008 at the Mace Head Atmospheric Research Station, loto the aged continental plume. The difference in chemical
cated at the interface of Western Europe and the N. E. Atcomposition and hygroscopic growth factor appear to result
lantic and centered on the west Irish coastline. During thein a 40-50% impact on aerosol scattering coefficients and
campaign, continental air masses comprising both young anéerosol Optical Depth, despite almost identical aerosol mi-
aged continental plumes were encountered, along with polacrophysical properties in both cases, with the higher values
Arctic and tropical air masses. Polluted-continental aerosobeen recorded for the more aged case. For the CCN/CN ratio,
concentrations were of the order of 3000chwhile back-  the highest ratios were seen in the more age plume. In marine
ground marine air aerosol concentrations were between 400air, sulphate mass dominated the sub-micron component, fol-
600 cn1 3. The highest marine air concentrations occurred inlowed by water soluble organic carbon, which, in turn, was
polar air masses in which a 15 nm nucleation mode, with con-dominated by methanesulphonic acid (MSA). Sulphate con-
centration of 1100 cm?®, was observed and attributed to open centrations were highest in marine tropical air — even higher
ocean particle formation. Continental air submicron chem-than in continental air. MSA was present at twice the con-
ical composition (excluding refractory sea salt) was domi- centrations of previously-reported concentrations at the same
nated by organic matter, closely followed by sulphate masslocation and the same season. Both continental and marine
Although the concentrations and size distribution spectralair exhibited aerosol GFs significantly less than ammonium
shape were almost identical for the young and aged continensulphate aerosol pointing to a significant organic contribution

to all air mass aerosol properties.
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1 Introduction equipped with the most advanced instrumentation available
to be deployed at as many stations as possible. In addition,
Atmospheric aerosols affect air quality and climate. In termsa suite of research aircraft concentrated on various aerosol-
of air quality, aerosols influence human health, leading to in-cloud experiments primarily located at Cabauw, and airborne
creased mortality ratess and deteriorate visibility (e.g. Pop& agrangian studies connecting transects between some of the
and Dockery, 2006; Hand and Malm, 2007). In terms of cli- above supersites as the meteorological and transport oppor-
mate, regional haze layers contribute to the direct radiativaunities arose.
forcing (the direct radiative effect), directly reducing incom-  This study reports on the results of the aerosol characteri-
ing solar energy, and indirectly (the indirect radiative effect) zation studies associated with the Mace Head EUCAARI In-
reducing incoming solar energy through the modificationtensive Observing Period. Mace Head is uniquely located
of cloud reflectance (Intergovernmental Panel on Climateon the interface between the N. E. Atlantic and Europe, thus
Change (IPCC), 2007). In the IPCC climate assessment, emenabling sampling of both the cleanest air entering into Eu-
phasis was placed on the complexity of the combined directope along with some of the most polluted air being exported
and indirect forcing from both aerosols and gases as well agut of Europe into the North Atlantic. A description of the
on the importance of improving our understanding of the rolestation, facilities and history of key results can be found in
that each of these components plays in radiative forcing indennings et al. (2003) and O’Connor et al. (2009).
an integrated system. Recent work has also suggested that A wide range of aerosol and meteorological measure-
aerosols have been masking the real climate sensitivity tanents were conducted during the intensive campaign as fol-
greenhouse gas warming, pointing to an even more imporfows: meteorological vertical structure (microwave profiler
tant role for aerosols in climate than originally anticipated and ceilometer); cloud physics and structure (mm radar),
(Andreae et al., 2005). Such knowledge would reduce theaerosol optical depth (precision filter radiometer; aerosol
uncertainty in current estimates of radiative forcing and en-absorption (Multi-Angle Absorption Photometer), aerosol
able a better prediction of the effects of anthropogenic activ-scattering (nephelometer), aerosol microphysics (condensa-
ity on global change. Acquisition of such knowledge is the tion particle counters and scanning mobility particle sizers),
central aim of the European Commission Framework 7 Inte-aerosol hygroscopic growth (Hygroscopicity Tandem Differ-
grated Project EUCAARI (European Aerosol Cloud Climate ential Mobility Analyser), cloud condensation nuclei, off-
and Air Quality Interactions). line aerosol chemistry (impactors with Nuclear Magnetic
EUCAARI (Kulmala et al., 2009) has two overarching ob- Resonance and ion-chromatography) and on-line aerosol
jectives:Objective 1: reduction of the current uncertainty of chemistry (Aerosol Mass Spectrometry).
the impact of aerosol particles on climate by 50% and quan- During the campaign a range of clean marine and polluted
tification of the relationship between anthropogenic aerosolcontinental air mass categories were encountered and the key
particles and regional air qualityandObjective 2: quantifi-  aerosol properties associated with these particular air masses
cation of the side effects of European air quality directives are documented and reported here. The results from such a
on global and regional climate, and provide tools for future range of instrumentation are likely to be of significant inter-
guantifications for different stakeholders. est to both the process-modelling community and the large-
The project focuses on the areas of greatest uncertaintgcale modeling community.
and in doing so will identify and quantify the processes
and sources governing global and regional aerosol concen-
trations; quantify the physico-chemical properties of atmo-2
spheric aerosols; and quantify the feedback processes that
link climate change and atmospheric aerosol concentrationS™

with emphasis on the production and loading of naturaltpe \ace Head Atmospheric Research Station is located in

aerosols and their precursors. o Connemara, County Galway on the Atlantic Ocean coast-
As part of achieving these objectives, there are twojiye of Ireland at 53 1936’ N. & 5414’ W and offers a

flavours of field study programmes within Europe center-cjean sector from 190through west to 300 Meteorologi-

ing on the following atmospheric supersites: Mace Headg| records show that on average, over 60% of the air masses
(Ireland), Vavihill (Sweden), Melpitz and Hohenpeissenberg 5 rjye at the station in the clean sector (Jennings et al., 2003).
(Germany), Hyytiala and Pallas, (Finland), K-Puzta (Hun- ajr is sampled at 10 m height from a main air inlet positioned

gary), Jungfraujoch (Switzerland), Puy de Dome (France)4 go_120m from coast line depending on tide (available at:
Cabauw (Netherlands), Finokalia (Greece), Kosetice (Checrpmp: /www.macehead.o)g

Republic) and San Pietro Capofiume (ltaly). The first of
these activities was a 12-month (over 2008) period of ad-
vanced aerosol measurements at all the above stations. The
second of these activities was the Intensive Observing Pe-
riod (15 May 2008-15 June 2008) where all stations are

Methods

1 The Mace Head Atmospheric Research Station
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2.2 Meteorological instrumentation Particle Counter (CPC) 3025 and 3010, respectively. Size
distributions were sampled using a TSI nano-Scanning Mo-
Basic meteorological parameters such as wind speed, disility Particle Sizer (SMPS) between 3 and 20 nm, scanning
rection, relative humidity, atmospheric pressure, precipita-every 30s, and a standard SMPS operating 10-min size dis-
tion, global radiation, UV-radiation are measured at the 10 mtribution scans between 20 and 500 nm (Wang and Flagan,
height level, with some duplication at 22m. Micrometeo- 1990).
rological fluxes are also determined at the 22m level. To The CPC bank is composed of a standard TSI CPC 3025
enhance aerosol and cloud observing capabilities a suite alith a particle diameter size cutoff of 3nm and a TSI CPC
three synergetic remote sensors have been installed at tr8010 with a 10 nm cutoff diameter. Data acquisition time
Mace Head Atmospheric Station and have been operationaksolution for the CPC bank was set to 1 Hz. The CPC3025
since May 2008. was diluted by a factor of 16:1 to avoid saturation of the CPC
Temporal and spatial aerosol mixing and dispersion withintotal number concentration in excess of 100 000 8ifYoon
the marine boundary layer, along with cloud developmentet al., 2005). It is possible to detect number concentration of
and structure are monitored by a Jenoptik CHM15K Lidar ultrafine particles up to.Z x 10° cm=2 with the aid of this
ceilometer £ = 1064 nm), a RPG-HATPRO multi-channel calibrated dilution system.
microwave profiler, and a MIRA36, 35 GHz K-band Doppler  Aerosol scattering coefficient measurements were per-
cloud radar. The three instruments together allow synergetidormed by a TSI Inc. 3563 3-wavelength integrating neph-
quantification of cloud microphysics (Frisch et al., 1998; elometer (Bodhaine et al., 1991; Heintzenberg and Charlson,
Boers et al., 2000, 2006; Brandau et al., 2009); however1996). This instrument is designed to measured aerosol light
microphysical products are still under development and arescattering coefficient with a sampling frequency of 1Hz at 3
beyond the scope of this study. In this study, the microwavewavelengths (450, 550 and 700 nm) with two ranges of an-
profiler, through gradients in the specific humidity profiles, gular integration: (7-170) to determine the total scatter-
and the Lidar-Ceilometer, through the gradients in aerosoing coefficient sp and 96-170 for the assessment of hemi-
backscatter profiles are used to remotely-sense boundargpheric backscattering. The instrument was regularly cali-
layer structure. Often in this N. E. Atlantic region the bound- brated using C@and particle free air during the 30-month
ary layer comprises more than one layer, typically two butperiod of measurements. Moreover, an automatic zero cali-
sometimes more (Kunz et al., 2002). Terminology is oftenbration with particle free air was performed every 60 min for
a problem so here we define the layer nearest the surfaceetting the instrument zero. Due to internal heating of the
which is typically well mixed, as the surface mixed layer nephelometer, aerosols were sampled at an average relative
(SML), noting that this layer can deviate from being well- humidity of 35+ 5%.
mixed (i.e. neutral stability), and the layer occupying the re- AOD (Aerosol Optical Depth) measurements at wave-
gion below the Free Troposphere inversion as the decoupleténgths centered at 368, 412, 501, and 862 nm were made
residual or convective (DRC) layer. Results are presentedt 2 min intervals using a Precision Filter Radiometer (PFR)
for the vertical extent of the SML inversion and the DRC (or (Wehrli, 2004). The precision of the PFR instrument is es-
Free Troposphere) inversion level. timated to be approximately 0.01 optical depth (McArthur
The ground-based remote sensing instruments for part oét al., 2003) across all channels. Cloud-screening of the
the recommended CLOUDNET suite of sensors that couldAOD measurements is carried out by implementation of the
ultimately be used to derive detailed cloud microphysics suchAERONET cloud-screening algorithm (Smirnov et al., 2000)
as liquid water content, effective radius and cloud dropletalong with an additional filter, which flags all measurements
number concentration (lllingworth et al., 2007). Although if the AOD in the infrared channel is greater than 2. The
some initial microphysical results are presented at the engrocedures are outlined in Mulcahy et al. (2009).
of this study, the methods for microphysical retrievals are Aerosol absorption (and Black Carbon mass) was mea-
beyond the scope of this work. sured using both a McGee Scientific Aethalometer AE-16
In-situ and remotely-sensed meteorology was compli-and a Multi-Angle Absorption Photometer (MAAP). Cloud
mented by NOAA Hysplit air mass back trajectories and condensation nuclei (CCN) concentration was determined
MODIS ocean products such as sea-surface temperature ant$ing a Droplet Measurements Technology CCN counter

chlorophylla maps. (Lance et al., 2006) operated at supersatuations of 0.1%,
0.25%, 0.5% and 1%.
2.3 Aerosol microphysics Hygroscopic properties of aerosol were measured using

a Hygroscopic Tandem Differential Mobility Analyzer (H-
The on-line aerosol analysers sampled from a 10 m heighTDMA), as described in Nilsson et al. (2009); Liu and
10cmdiameter laminar flow community duct with a 50% Pui 1978; and Rader and McMurry (1986). The determina-
size cut at 500 nm (Kleefeld et al., 2002). Total particle con-tion of particles growth factor (GF) is done by comparison of
centrations at sizes larger than 3 and 10 nm diameter wereizes of particles in their dry and humidified state. A higher
sampled using a Thermo Systems Inc. (TSI) CondensatioGF indicates more hygroscopic particles resulting from a

www.atmos-chem-phys.net/10/8413/2010/ Atmos. Chem. Phys., 10, 843532010
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higher affinity for water. The typical setup of any TDMA Non-refractory particle components flash-evaporate on the
consists of two DMAs: the first DMA selects a monodis- hot surface; the evolving vapour is electron impact (70 eV)
perse aerosol size distribution and the second DMA scangonized and the ions are transported into an orthogonal ex-
through a range of sizes to determine changes in particle sizgaction ToF-MS for high-resolution mass analysis. Particle
after the particles have been humidified. The Mace Headsize information is obtained by chopping the particle beam
H-TDMA incorporates a dry DMA (RH =40%), a nafion hu- and collecting mass spectra as a function of particle flight
midifier, and a second DMA placed in a temperature con-time. The instrument provides 5-min averages of mass con-
trolled box for stabilization of the relative humidity. In the centrations of the non-refractory aerosol components as well
humidifier, the aerosol sample is humidified to 90% relative as species-resolved size distributions. A detailed descrip-
humidity. GFs are determined for dry size particles of 35, tion of the instrument and its operation is given in Drewnick
50, 75, 110 and 165 mn. Because the raw data obtained witkt al. (2005). The instrument provides quantitative mass
the H-TDMA (i.e the Growth Factor Measured Distribution loading information on non refractory components using a
Function — MDF) is a smoothed and skewed integral imagewell characterised series of calibrations and error estimations
of the real GF probability density function (GF-PDF), an in- (Jimenez et al., 2003; Allan et al., 2003b, 2004).

version algorithm is used to retrieve the GF-PDF. This al- The HR-ToF-AMS (DeCarlo et al., 2006) was deployed in
lows showing the correct shape of GF-PDF in detail (Gyselthe standard configuration, taking both mass spectrum (MS)
et al.,, 2009). The Mace Head H-TDMA follows the EU- and particle time of flight (pToF) data. The AMS was run
SAAR standard installation and accuracy as summarized inn “V-mode” with a mass resolution of up to 3000th al-
Nilsson et al. (2009) where the GFs and GF standard deviaternatively with a “W-mode” by using a second reflectron,
tions for the 5 operational dry sizes of ammonium sulphate.which increases resolution to 600041 but decreases sen-
The GF standard deviation is less than 2% for all sizes andgsitivity by approximately one order of magnitude. The in-
the GFs for 35, 50, 75, 110, 165 nm particles are 1.62, 1.67struments were calibrated using 300 nm monodisperse am-
1.69. 1.71. and 1.73 respectively and were found to be withirmonium nitrate particles. Data obtained here were validated
a growth factor deviation oft 0.05 compared to previous by comparing the AMS total mass loading with the ones de-
recored data (Tang and Munkelwitz, 1994). Unfortunately, rived by using the SMPS (by converting volume size distri-
as a first deployment of the instrument at Mace Head, thebutions into mass size distributions and assumed density of
maximum GF range was limited to 2 due to arching within 1.4) and nephelometer data. The analysis of the high res-
the instrument and consequently, the instrument could noblution AMS data goes beyond the scope of this paper and

detect higher GFs. will be object of future publication. The AMS data shown
here give a general overview of the general AMS compo-
2.4 Aerosol mass spectrometry nents (organics, sulphate, ammonium, MSA and nitrate) for

different air masses impacting Mace Head during the EU-
In recent years aerosol mass spectrometry has become avalAARI intensive field study. Calibrations were performed
able as a powerful tool for the on-line chemical characteriza-during the campaign, including particle-Time-of-Flight cali-
tion of individual aerosol particles (Murphy, 2007) or small bration to convert the particle flight times into particle diam-
aerosol ensembles (Canagaratna et al., 2007). Two on-lineters and to determine the instrument background parameters
aerosol mass spectrometers were operated at the measut®r measurements through a high efficiency particulate air fil-
ment site, an ATOFMS (Model 3800-100, TSI, Inc.) and ter (HEPA filter) during the campaign. The unit mass reso-
a HR-ToF-AMS (Aerodyne Research, Inc.). The ATOFMS lution data from the V mode of the HR-TOF were analyzed
collects bipolar mass spectra of individual aerosol particlesusing the “fragmentation table” method described by Allan
Ambient aerosol is focused into a narrow particle beam foret al. (2004). This separates signals within the mass spectra
sizes between 100 nm and 3 um. Using a 2-laser velocimeaccording to chemical source by performing weighted sub-
ter particle sizes are determined from particle velocity af-tractions and substitutions based on key identification peaks
ter acceleration into the vacuum. In addition, the light in the form 5 of matrix operators. For error estimation, the
scattered by the particles is used to trigger a pulsed highmodel described by Allan et al. (2003b) was applied to the
power desorption and ionization laser£ 266 nm, about unit mass resolution data, propagated through the matrices.
1 mJ/pulse) which evaporates and ionizes the particle in théeside the 4 typical aerosol components (organics, sulphate,
centre of the ion source of a bipolar reflectron ToF-MS. Thus,ammonium and nitrate), MSA concentrations were also ob-
a positive and negative ion spectrum of a single particle ardained following the same procedure described in Zhorn et
obtained. The Aerodyne High-Resolution Time-of-Flight al. (2008). After this calculation, MSA no longer contributes
Aerosol Mass Spectrometer (HR-ToF-AMS) (Drewnick et to the mass fragments of AMS “sulfate” and “organics”.
al., 2005) focuses aerosol particles in the size range 50— The ATOFMS collected about 600 000 single particle pos-
600 nm quantitatively onto a hot surface §00°C) using itive and negative mass spectra. The TSI ATOFMS dataset
an aerodynamic lens assembly (Jayne et al., 2000). Smallexas imported into YAADA (Yet Another ATOFMS Data An-
and larger particles are also collected with lower efficiency.alyzer) and single particle mass spectra were grouped with

Atmos. Chem. Phys., 10, 8418435 2010 www.atmos-chem-phys.net/10/8413/2010/
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Adaptive Resonance Theory neural network, ART-2a (Songunctional group composition of WSOC. A conversion fac-
et al.,, 1999). The parameters used for ART-2a in this ex-tor of 1.4 was instead applied to convert WIOC to water in-
periment were: learning rate 0.05, vigilance factor 0.85, andsoluble organic mass (WIOM), according to the functional
iterations 20. Similar clusters obtained by ART-2a were fur- group composition observed by 1H NMR in sea spray or-
ther manually merged (Dall'Osto and Harrison, 2006) so theganic aerosols (Facchini et al., 2008b). Sea salt and nss-
total number of clusters describing the whole database was‘aog2 aerosol concentrations were calculated using lda
reduced to 20. Clusters included for example sea salt, dusgea salt tracer and a standard sea salt composition (Seinfeld
Elemental carbon, biomass, Nitrate-rich and many other parand Pandis, 1998).

ticle types.

2.5 Off-line aerosol chemical analysis 3 Results

3.1 Meteorology: air mass classification and boundary

Aerosol samples for offline chemical analyses were col-
layer structure

lected deploying an 8-stage Berner low pressure impactor

(BI), equipped with t(_edlar_foils, and a high volume SaM- Ajr Masses: Back trajectories of the air masses arriving at
pler, mounting quartz fiber filters. The BI8 collects particles Mace Head were calculated for 00:00 UTC and 12:00 UTC
in eight size fractions between 0.06 and 16 um diameter (CUtfor each day of the campaign, depicting the path taken by

off.s:. 0.06, 0.125, 0.25, 0.50, 1.0, 2.0, 4.0 and 8.0 ym at 50%4e air mass reaching the sampling site over the previous five
efficiency); however, the uppermost stage (.8'0_16'_0 Km) Wa%lays. The back trajectories were run using the on-line HYS-
not analyzed due to the very low collection efficiency of PLIT model developed by the National Oceanic and Atmo-
the impactor inlet fqr these sizes at wind speeds of 5tns spheric Administration (NOAA). We present an overall me-
a_md above. The high volume Sa”ﬁp'ef segregates bew"eet'(forological air mass summary of the EUCAARI campaign,
fine (D, < 1.5um) an_d coarse particles.§l< D, < Opm). categorising it into five synoptic period types. Figure 1 il-
Analyses_of aerosol inorganic components and water So_lufustrates typical examples of the five back trajectory types
ble organic carbon (WSOC) were performed on tedlar 1‘0|Isfor selected days: day 24th May (Continental European —
following mQ water extraction, by 30 min sonication (Matta denoted bycP in strict meteorological terms ), 31st May
et al., 2003). Anions were separated and quantified on ?ContinentaI-Marine,cmP) 7th June (Polar Ma’lrinemP)
Dionex ICS-2000 ion chromatograph, equipped with lon- 9th June (Tropical Marine,*n'l‘) and 12th June (Arctic M’a-

;aczgoGll ZXD.SO mm Diongx gualrd COIurgr:&SIORnSPzT_TAs;ﬁ rine, mA). They are representative of the different periods
x mm Dionex separation column an listed in Table 1. The local meteorological conditions (wind

self-regenerating suppressor. This program allows separatiogn
of both inorganic cations (sodium, ammonium, potassium

magnesium, calcium) an_d methyl-, dimethyl-, trimethyl-, associated with the different air mass categories are summa-
ethyl- and diethylammonium. WSOC analyses were Per-i-ed as follows:

formed deploying the instrumental setup described in Rinaldi (European) Continental Polar (cP)Ehis continental out-
etal. (2007). flow period lasted from about 16 May 08 00:00 to 29 May 09

The high volume samples were used for the determination; 5.0 (13,5 days) and was characterized by sunny and warm
of Total Carbon (TC) and WSOC and for the aerosol organic.qngitions. Air masses originated most of the time from the

fraction characterization. WSOC was determined following g4t advecting out from central Europe, through the UK and

the above procedure. TC analyses were performed by aj}g|ang. Some days also had a northern European component
Analytik Jena Multi N/C2100 elemental analyzer equippedq them. The average wind speed (12.5.2ms 1) was the

with a solid furnace module. Inside the instrument fur- gyqngest of the five periods, and wind direction confirmed

nace, the sample was exposed to a constant temperature gfe strong average Easterly component (X@). The val-
950°C in 100% @ and the TC was determined as the to-

. i ues of wind speed and direction are givenone standard

tal evolved CQ by a non-dispersive infrared (NDIR) de- yeyiation. In all subsequent values of parameters repested
tector. The aerosol water insoluble organic carbon (WIOC) range, the range corresponds to one standard deviation.
content was calculated as the difference between TC and -gntinental-Marine Polar (cmP)This modified continen-
WSOC. The ratio WSOC/TC established from high volume 5/marine period lasted for about 4.5 days from 29 May 08
samples, and WSOC concentrations from impactor sampleg .o o 03 June 08 00:00. The air stagnated as a pressure
were combined to d_enve the WIOC size distribution. Pro- gradually strengthened and centered over Mace Head and
ton Nuclear Magnetic Resonance (1H NMR) Spectroscopy,ni_cyclonic conditions were observed for most of the time
was employed for functional group analysis of WSOC €X- during this period. The lowest wind speed (&8.8ms?;

tracted from high volume samples as described in Cavalliyp)e 1) of the five periods occurred during this period.
et al. (2004). The WSOC was converted to water soluble

organic mass (WSOM) using a factor of 1.8, based on the

peed, direction, relative humidity and temperature) associ-
'ated with these periods are listed in Table 2. Characteristics

www.atmos-chem-phys.net/10/8413/2010/ Atmos. Chem. Phys., 10, 843532010
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Fig. 1. Typical air mass back trajectories f@) cP, (b) cmP(c) mP, (d) mT, (¢) mAair masses an¢(f) MODIS chlorophylle maps.

Table 1. Summary of the five different periods.

Period Number of days  Air masses

16 May 08 00:00-29 May 08 12:00 135 Continental Euragh® (
29 May 08 12:00-03 June 08 00:00 45 Continental-MarimeR)
03 June 08 12:00-08 June 08 00:00 45 Polar Marim® (

08 June 08 00:00—-10 June 08 00:00 2.0 Tropical Marine) (

10 June 08 12:00-15 June 08 00:00 4.5 Arctic Marma)(
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Table 2. Meteorologiacal conditions.

PERIOD WS [m/s] WD {] Temp [°] RH [%]
Continental Europecf) 13.1+5.2 108+59 124m:1.7 79.9+-11.2
Continental-Marine¢dmP)  6.4+3.8 18592 14.5+1.7 89.6+7.2

Polar Marine fnP) 12.6+£5.0 24244 12.8+1.3 77.1+£9.5
Tropical Marine (nT) 8.58+4.0 244+-31 14.5+0.8 91.9+54
Arctic Marine (mA) 10.4+2.7 300+£39 13.1+14 86.2+-10.4
Attenuated atmospheric backscatter and DRC layer heights on 20080601 < 10°
7000 T T T T T T 2.5

0.5

1 I I 1
04:00 05:00 06:00 07:00 08:00

Time (UTC)

t I 1
01:00 02:00 03:00

Fig. 2. Decoupled boundary layer on JD153 (01/06/2008). Black points mark the top of the SML while the red crosses mark the top of the
overlying DRC layer (the main boundary layer — free troposphere inversion. It should be noted that the lowest 200 m represents the region
of incomplete overlap between the receiver field of view and the transmitted laser beam and should be disregarded as unusable data.

Marine Polar (mP):From 03 June 08 00:00 to 08 June 09 seen that peak concentrations occur to the north waters and
00:00, this polar marine period (4.5 days) was subjected to aiminimum to the south west approaches.
masses emerging from polar regions around southern Green- Boundary layer structure:characteristic of this region,
land and advecting south-east over the North Atlantic andyith warm waters, the marine boundary layer is typically
into Europe (advecting through). 2-layered with a surface mixed layer (SML) and a decou-
Marine Tropical (mT):This tropical maritime, or perhaps pled residual or convective layer (DRC), above which is the
more accurately sub-tropical maritime, period lasted fromFree Troposphere (Kunz et al., 2002). An example of de-
about 08 June 08 00:00 to 10 June 09 00:00 (about 2 daysjoupled marine boundary layer, as detected by the ceilome-
and was characterized bye 5-day back trajectories indicatinger (aerosol backscatter gradient) is shown in Fig. 2 (case
an origin from the Azores high-pressure region. Whilst the 01 June 2008) where the SML is sharply decoupled from the
average wind direction is similar to period 3 (24214° and  overlying DRC layer. For all periods, by air mass category,
244+ 31°), the temperature and the RH of period 4 (Table 2) the boundary layer structure is illustrated through a combi-
are both higher than period 3 (polar marine) supporting thenation of specific humidity profiles from the radiometer and,
warmer tropical or sub-tropical conditions. superimposed in Fig. 3, the SML and DRC layer heights de-
Arctic Marine (mA):This Arctic marine period lasted for rived from the ceilometer. Good agreement is seen for most
4.5 days from 10 June 08 12:00 to 15 June 08 00:00 with ailoverlapping periods using the two approaches under most air
coming mainly form the north Scandanavian Arctic regions, masses (noting that because of thick stratocumulus cover in
advecting out over the Atlantic region towards Iceland beforethe mT case, the top of the boundary layer (or cloud top) is
advecting southwards to Mace Head (Table 2, WD B3E% not detected with the ceilometer.
supporting the Northerly wind conditions). From the ceilometer data, the daily averaged SML and
Also shown in Fig. 1 is the MODIS chlorophydl-average = DRC depths for all cases through the studied period are
mass concentration distribution over the period. It can beshown in Fig. 4 where the boundary layer structure exhibits
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Fig. 3. Boundary Layer stratification observed from the HATPRO microwave profiler absolute humidity product with Lidar-Ceilometer
derived layer structure superimposed on the humidity contour plot. The y-axis is kilometers a.g.l. where ground level is approximately 15m
a.s.l. The x-axis is Julian Day (JD).

Daily averaged DRC-layer heights during 15/05/2008-15/06/2008 a high degree of variability throughout the period as illus-

% DRLiayer trated for the higher temporal resolution data in Fig. 3. The
w00r ) 1 daily average height of the SML layer varied from 500 m to
) ’ ) almost 2000 m but was more typically in the range of 700 m
00, e XX x . to 1500 m. The overlying DRC, or main Free Troposphere
a . " x ; inversion layer, has a minimum of 1500 m and maximum of
oo e . ’ . 2500m. Both layers were typically highest for toE air
. . . . mass with the highest wind speeds and lowest fomRemT
To00] .. ] . andmAair masses. Surprisingly there was no notable differ-
I O ence between the latter three types. Further, in all air masses
soof ] no significant diurnal variation was observed as is typical of
cP air masses (e.g. Nilsson et al., 2001). Further analyses
. ‘ ‘ . ‘ , . where the daily averages over each period are analysed illus-
'35 “ﬂ “ib. 15052008 15062008 * trates differences betweanP, mT andmAare more evident

with decreasing average daily depth development following

Fig. 4. Boundary Layer (residual and convective) height and Sur-the ordercP, cmP, mP mA andmT.

face Mixed Layer height from 15 May 2008 at Mace Head. The

y-axis is meters a.g.l. where ground level is approximately 15m . . o

a.s.l. The x-axis is Julian Day (JD). The vertical lines separate the?"2 Aerosol concentration and size distributions

different air masses: from left to right, these corresporcPt@mpP,

mP, mT, mA respectively. The frequency distribution of 2-min average total par-
ticle concentrations I} > 3nm), shown in Fig. 5, ex-
hibits four modes in log-concentration space. One mode

Range [m a.g.l.]

Atmos. Chem. Phys., 10, 8413435 2010 www.atmos-chem-phys.net/10/8413/2010/



M. Dall’Osto et al.: Aerosol properties associated with air masses 8421

800 ; for mT air and 60 nm fomAair. Average total particle con-

- All (W!th) centrations were 625 cm and 795 cm® for mT andmAair,

M All (without) respectively.

For mP air masses, three modes were observed: an accu-

mulation mode at 200 nm, an Aitken mode at 35nm and a
nucleation mode (as distinct from coastal nucleation) at 15—
20 nm. The number concentration associated with theEe
air masses was 625 cm, representing the lowest of all 5
periods. FomPair, concentrations of 1025 ¢ were high-

5 est of the three marine cases and elevated due to the non-
coastal nucleation mode. In summary, 3 size distribution

] ) ) ) groups in non-nucleation periods in the different air masses

Fig. 5. Total _aeros_ol/condensatlon nuclei concentratiahs 8 nm) were found: (1) monomodality at about 60 nm f and

for all data including nucleation events (red) and all data exclud- - . .

ing nucleation events (black). The particle concentration data iscmPalr masses (2) blquahty at about 59_60 nr.n and 250-

averaged over 2 min. 300 nm formT and mA air masses; and trimodality at 15—

20nm, 35nm and 200 nm fonP air masses.

Previous studies conduced at Mace Head found typically,
the sub-micron marine size distribution possessed a bi-modal
shape, with an accumulation mode centered at 200 nm and a
fine mode at 40 nm (O Dowd et al., 2001). The bi-modal na-

: . . X ._ture of the sub-micron mode is indicative of a cloud-residual
clean marine air following open ocean nucleation events (d's'accumulation mode produced by the in-cloud growth of ac-

Moo (e coninantal ot and s ourt mve sonerad or{Y21d e mode paricles (Hoppel et al, 1854). ODowd et
al. (2001) and Coe et al. (2006) reported that during anticy-
30000-40000 cr exists, reflecting the coastal nucleation ( ) ( ) rep g y

i clonic periods and conditions of continental outflow Aitken
mode (O'Dowd et al., 1998). and accumulation mode were enhanced by a factor of 5 com-
A surface contour plot of the observed aerosol size dis-pared to the marine sector, whilst coarse mode particles were
tributions (range 3.5nm-500nm) throughout the period isenhanced during westerly polar marine conditions.
shown in Fig. 6. Overlaid on the plot are the time periods The aerosol size distributions when coastal nucle-
over which the different air massed occurred and when th%ﬂon was Occurring under the five different periods are
nucleation events were detected. Clearly, for the first two peshown in Fig. 7b. The stagnant conditions of period 2
riods (P andcmP) of the campaign, a significantly higher (cmp led to highest period-average number concentration
loading of particle number concentration can be seen in tth:27 025cm3). O’Dowd et al. (2002) attributed the
accumulation mode. However, Mace Head is subjected tqnode extending to slightly larger sizes in polluted conditions
Significant Coastal, tidal-driven, nucleation events (O’DOWd (CP over thecmP Case) to the inter-tidal source of the pre-
et al., 1998, 1999, 2002; Grenfell et al., 1999) which influ- cyrsors being further from the measuring site and reflecting
ence the particle number concentrations. During the inten"onger partic|e growth times before detection’ Periods domi-
sive field study, 28 nucleation events were detected by th@yated bymT air masses presented a different average aerosol
nano-SMPS/SMPS system. For the main air mass charagize distribution, with the lowest particle number concen-
teristic data presented in this study, the data were filtered t@ations (3054 cm3, respectively). Along with the typical
remove periods where nucleation events occurred, resultin@\jtken mode and accumulation mode at 70 nm and 300 nm,
in total data coverage of 78% for non nucleation periods, andrespectively, the mode at 6 nm due to local nucleation can
22% of the nucleation periOdS. Moreover, there were few SOaISO be seen. ThmAandmP periods posses more ultrafine
called special events like a biomass burning on 5th June fopr nucleation modes structure representing multiple source
2h (05:00-07:00) that were not considered in the analysis. regions contribution to the coastal nucleation events; how-
Average size distributions for non-nucleation periods in ever, for mP air, these additional modes are likely to be also
the different air masses are presented in Fig. 7a. Both thénfluenced by off-shore particle formation events.
cP andcmPsize distributions exhibited mono-modality with
a modal diameter of 60 nm in both cases and respective av-
erage concentrations of 3261 thand 3044 cm?, although
in the cP case, evidence of a less significant accumulation
mode in the range of 200 nm-300 nm is evident. TnE
and mA cases are bimodal with an accumulation mode lo-
cated at 250 nm fomA and 300 nm fomT cases. Both air
masses posed an Aitken mode with modal diameter of 50 nm

600

Frequency
FS
o
o
L

200

0_22 4 68 2 4 68 2 4 68

3 4
10 10 N(cm'z) 10 10

exists at concentrations of 400-600Tih reflecting the
background marine number concentration; a second mod
at 800-900 cm? reflecting either modified marine air and/or
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Fig. 6. Aerosol size distributions from the combined nano-SMPS and SMPS. Air mass types are highlighted as are nucleation and non-
nucleation events.

3.3 Aerosol chemical composition

~.=‘E‘104 9 3.3.1 On-line aerosol chemical composition
\ —
A p
o D Black Carbon concentrations (MAAP and
[
% 10° - -~ Particle Conc. (cm”) Aethalometer)
2 \ — cP (N=3261)
° \ — omP (N=3044) : As shown in Fig. 8, the black carbon data exhibited two dis-
\ :',’,’,T((N;625)) tinct concentration groups, one representing period 1 and pe-
w0 hd M= 7 ‘ riod 2 with concentrations above 300 ng 389+ 202 and
oAy Tl YT P ° * % 3284115, respectively); and the other representing the last
(@) Dy (am)
. 3 periods with much lower concentrations below 50 ngm
= Particle Conc. (em”) (25+ 13, 45427, 17+ 14 ngnt 3 for period 3, 4 and 5 re-
‘ e Nebesg spectively), typical of clean N. E. Atlantic black carbon load-
“-’;10‘7 5 e ings (O’'Dowd et al., 1993). The Aethalometer showed a
e —mA_(N=5563) similar trend, but for the polluted period (periods 1 and 2)
2 0° 4 %\ it underestimated the MAAP concentration while in clean
5 i& air masses (periods 3, 4 and 5) it overestimated the MAAP
] 107 | concentrations. These issues are discussed in more detail by
N Jennings et al. (2008) and were attributed to the impact of
\ sea salt and relative humidity on the performance of AE-16;
10 T I R N ‘ however, a conclusive explanation of the two absorption in-
(b) Do (nm) struments remains to be addressed.

Fig. 7. (a)aerosol size distributions averaged by air mass and ex-
cluding coastal nucleation events afid aerosol size distributions
averaged by air mass during nucleation eve¥sin the key rep-
resents total particle concentration per‘c?n‘rom sizes between
4-500 nm.

PM2 5 mass and AMS (size resolved mass spectrometry)
composition and mass

Table 3 shows the average Bllconcentrations for the 5
different periods, including average mass concentrations ob-
tained from the AMS for nitrate, sulphate, MSA, organics
and ammonium. AMS chemical concentrations are illus-
trated in Fig. 9. The highest P\ mass loadings were
encountered during the polluted periods, whilst the lowest
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Table 3. PM mass and AMS derived sulphate, organic, MSA, nitrate and ammonium mass.

TEOM AMS AMS AMS AMS AMS
PMs 5 (1 m*3] organics nitrate sulphate MSA ammonium
Continental 12.4-111 1.42£035 0.64:0.16 1.31+0.33 0.10£0.02 0.70+0.18
Europe ¢P)
Continental- 10.37.2 1.75:0.44 0.26:0.07 1.15£0.29 0.05-0.01 0.48t0.12
Marine €mP
Polar 8.6:6.8 0.11£0.03 0.04:0.01 0.6A40.17 0.13:0.03 0.08:0.02
Marine (mP)
Tropical 8.7£52 0.140.04 0.06:0.02 1.81+0.45 0.28:0.07 0.24:0.06
Marine (nT)
Arctic 7.1+6.5 0.02:0.01 0.04£0.01 0.93:0.23 0.16£0.04 0.10+0.03
Marine (mA)
600 25 O_rganic
500 m  Aethalometer 7z I = Surate
m MAAP g 20 = MSA
400 = Ammonium
e g 15 I
2 300 <
- § 1.0 |
200 §
100 £ o5 Il '-
N I [ " T
cP cmP  mP mT mA b Hirl? mP mT mA

Air Mass Type
Fig. 8. Aerosol black carbon mass derived from the Aethalometer
A-16 and the the MAAP. Fig. 9. AMS-derived organic, nitrate, sulphate, MSA, and ammo-
nium mass as a function of air mass.

during themA period. Although the AMS total mass load-

ing were the lowest for theaP period, this was not reflected Period. The ratio of sulphate/organic mass ford¢heperiod

in the PMp 5 loading and it is thought to be due to the higher Was also found to be higher than tble period (1.5 vs. 1.1).
sea salt contribution during tmePperiod. Nitrate mass load-  The significant diversity in the average chemical mass spec-
ings were higher for the polluted periods underandcmp  tra observed during the 5 different periods will be the sub-
air masses with 0.2 0.5 ug n3 and 0.12+ 0.06 pg T3, re- ject of more detailed investigations in future studies where
spectively; whilst for the other 3 periods it was found to be @ detailed analysis from the high resolution ToF-AMS mass
below 0.005pgm3. Sulphate was found to be the dom- SPectrum will be presented.

inant species detected with the AMS during tm® mT The size distributions for the four generic chemical com-
and mA periods, with concentrations of 0.340.2 ugnr3, ponents (sulphates, organics, nitrate, ammonium) for the 5
0.93+0.45ugm3 and 0.47 0.3 pug 3, respectively. In  different periods obtained from the AMS are presented in
contrast, duringP andcmP periods, sulphate was the sec- Fig. 10. Some consideration must be kept in mind for the av-
ond most abundant species after organics with average corerage size-resolved AMS mass loading for total organic and
centration of 0.6 0.31 pg nT3 and 0.58+ 0.29 ug m3, re- sulphate. Whilst Fig. 9 shows a fifth component (MSA) ob-
spectively. Regarding the AMS ammonium average concentained by the HR-ToF-AMS data analysis, the average size-
tration, when air masses were anthropogenically-influenceaesolved AMS mass loadings are provided at unit mass reso-
there was complete aerosol neutralization. However, durindgution and not at high resolution as no current tools are avail-
clean marine periods (3, 4 and 5) concentrations of ammoable to generate size-resolved AMS mass loading at high res-
nium were significantly smaller than the sulphate concentra-olution masses. Consequently, the MSA component is split
tions (see Table 3). The organic AMS average mass concerbroadly between the organic fraction (67%) and the sulphate
tration was found to be 0.740.44 ug nT3, with the high-  fraction (28%) of the signal (F. Drewnick, personal commu-
est concentrations (0.890.4 ug n12) occurring for themP nication, 2009).

www.atmos-chem-phys.net/10/8413/2010/ Atmos. Chem. Phys., 10, 843532010
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Fig. 10. (a)cP chemical size distributioné) cmP chemical size distribution&) mP chemical sizedistributiongd) mT chemical size
distributions(e) mA chemical distributiongf) integrated mass size distributions per air mass. (note the difference is the y-scale of total

concentration for different periods.)

The size distributions for theP and thecmP periods

An accumulation mass size distribution at about 500 nm was

are quite similar in shape for the relative contributions of also attributed to thenT period, but formP and mA peri-
each chemical species, with an accumulation mass mode digds, this was found to peak at smaller diameters at about
tributed between 400 and 500 nm vacuum aerodynamic di300 nm. The sulphate average size distributions fomtife
ameter. However, themP presented a higher organic mass period present a much broader width thanri&period.

loading with a shoulder shifted towards smaller particle sizes.

Atmos. Chem. Phys., 10, 8418435 2010

www.atmos-chem-phys.net/10/8413/2010/



M. Dall’Osto et al.: Aerosol properties associated with air masses 8425

ATOFMS (single particle mass spectrometry) study, but all the aged sea salt particles were internally mixed
with both chloride and nitrate.

> | btained b Vi 2a al The ATOFMS revealed a main particle type for tha pe-
0 ATOFMS clusters were obtained by applying ART-2a al- (4 - 1 particle type was in the coarse mode (1-2um in

gorithm to the ATOFMS dataset. Some of the clusters P'®5ize) and it was found to be internally mixed with organic car-

sented very sharp temporal trends, including biomass eventgon, sea salt, sulphate and MSA. Interestingly, peaks/at
and nucleation processes and are not discussed here. The aHg andm/z64 (Ti and TiO, respectively) were also present
of this section is to present a general overview of the mix- ’

) ) ; ) - inthe ATOFMS positive mass spectrum, suggesting that dust
ing state of different aerosol particle types under different air, internally mixed with sea salt, carbon and MSA. Tita-

masses. The main particle type represented about 50% of thg, e, particles (along with aluminosilicate) were already

population and it was found to be rich in sodium, potassiumidentified during the NAMBLEX project under air masses
and sulphate. The ATOFMS is very sensitive to alkali metaé

. . . “'(Dall’'Osto et al., 2004) originated from the Azores high-
cations (Gross et al., 2000) and since sodium and potassiu ressure region which drawn air from North Africa. The
are present in large abundance in sea salt particles, it is n TOFMS used for the EUCAARI field study was equipped
surprising that these are the iny pgaks visit_)le in some SPEGGith aerodynamic lens, which focuses single particles in a
tra. It should be noted that this particle type internally mixed yieco cant way that the previous ATOFMS version used dur-
with alkali metal cations and sulphate but with no nitrate is ing the NAMBLEX project (where air is introduced into the
qnly typically seen_by the ATOFMS pieploypd in re_mote Ma- ATOFMS via a vacuum system region through a converging
rine sites (Furutani et al., 2008). Nitrate-rich particles were ..o followed by two differentially pumped regions sepa-

f(laund o be a;sociatﬁ d W.ith ger?%dle\lanchrgi Thij Earti:l'h rated by skimmers which finally create a narrow collimated
cle type was internally mixed with Na, K, and EC. The particle beam). No dust Ti-rich particle types were found

ATOFMS mass spectra of this particle type transported fromy,, i, the EUCAARI intensive field study, and the reason is
continental Europe was found to be almost identical to parti—{

| ious| iated with | ikely to be due to the inefficiency of the aerodynamic lens
cle types previously associated with long range transport ot focusing dust particles. However, two other dust particle

:fgsc’lzgég\/ig% gg)th%v?ﬁi%e{hzlgsaeirBr:gzg Iselfio(;)alslgcr):’éo types were monitored during the EUCAARI field study. The
R AN P ' _former dust particle type was found to be rich in iron (this
air masses arriving at Mace Head had travelled across mainxroEMs particle type represented 0.9% of the total parti-

'a”‘?' Europe and the UK'. D.uring our study we f‘?””d WO (eg sampled and its positive mass spectrum showed signals
main trends: anthropogenic influenced aerosol which passegominated bym/z54 andm/z56). Interestingly, this parti-

throughout France and Spain was rich in OC and SlJIphatecle type presented similar temporal trends of the Nitrate-rich

whilst aerosol which passed mainly throughout England anobarticle type, indicating transport of iron containing aerosol

the _north part of Europe_was enrich_ed inK, I_EC and nitrate'from continental Europe and likely to be important in the iron
During themPandmAperiods, sub micron particles detected deposition in the North Atlantic (Baker and Croot, 2009).

with the ATOFMS were found to be mainly internally mixed The latter represented 0.4% of the particles sampled and was

with K and OC, suggesting sea salt particles containing g,,meq \.rich after its peculiar ATOFMS positive particle
fraction of organic material. mass spectrum dominated byz51 [V] and m/z67 [VO].

Two types of clusters associated with sea salt particlesvanadium and nickel are usually used as tracers for oil com-
were found, named pure sea salt and aged sea salt, reprbustion sources. This particle type was found only during
senting 14% and 2.2% of the ATOFMS particles classified,the first two weeks of the field study, when air masses where
respectively. Pure sea salt particles were detected only duringoming from Continental Europe. No V-rich patrticle types
the last 3 periodsnGP, mT andmA) air masses, whilst aged were found coming from the other 3 marine air masseB (
sea salt particles were encountered during the first two weekmA and mT) excluding a contribution from ship emissions.
of the EUCAARI intensive campaigncP and cmP) pre-  The fact that more V-rich particle types were found more
sented. In the ATOFMS positive ion spectra of pure sea saltwithin the former 2 weeks of the field study respect the lat-
particle type, peaks were present fafz23 [NaJ", m/z39 ter 2 weeks suggest that the Vanadium contribution from oil
[K]*, m/z46 [Nap] T, andm/z81 andm/z83 [NaClI] ", whilst  combustion might be higher than the ones due to ship emis-
in the ATOFMS negative spectra/z—23 [Na]~, m/z—35 sions.
and —37 [CI]” were dominant. Along with the peaks de-
scribed for the pure sea salt particles, additional peakgat 3.3.2 Off-line chemistry
63 [HNOz]*/[NagOH]™, [NO2]~ (m/z —46) and [NQ]~
(m/z —62) were present for the aged sea salt particle typeDuring the intense campaign seven aerosol samples for off-
There particle types were previously classified indicating theline chemical analyses were collected: five samples during
reaction between NaCl and HNGind the replacement of thecP period, one during thenP period and one during the
chloride by nitrate (Gard et al., 1998; Dall’'Osto et al., 2004). mA period. No samples were collected for ttaP period
No pure sodium nitrate particles were found during this field and themP period. Concentrations referring to tbe period
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contrary, dominated by large particles, with mass peaks in the
4.0-8.0 or 2.0-4.0 um size ranges. Similar chemical compo-
sitions were observed between the two clean marine samples,
while larger differences were observed between continentally
influenced and clean marine samples, both in fine and coarse
fraction. An average submicron nss-sulphate concentration
of 1.7+ 0.4 ug mr3 was observed during periadP, account-

ing for 33% of the analyzed submicron mass, while sulphate
concentrations were 0.40 (32%) and 0.45 ug?rt#5%) dur-

ing periods 3 and 5, respectively. A substantial contribu-
tion of nitrate in submicron particles characterized period 1
(0.53+ 0.60 pg nr3, accounting for 10% of the mass), while
nitrate contribution during periods 3 and 5 was only 0.4 and
1%, respectively, due to concentrations of the order of few
nanograms per cubic meter. Submicron ammonium con-
centration was 0.84 0.36 ugnm3 (16%) during period 1,
0.076 ug N2 (6%) during period 3 and 0.085 ugrh (9%)
during period 5. Sea salt contributed to submicron mass with
0.061+ 0.023 (1%), 0.31 (24%) and 0.060 pgm(6%) in

cP, mPandmAair masses, respectively.

MSA was the main organic compound identified in both
continentally influenced and clean marine air masses. MSA
concentration was 0.360.08, 0.36 and 0.28 ugT in cP,
mP andmP air masses, respectively, accounting for 7% of
submicron mass in continentally influenced air masses and
29% in both clean marine samples. Moreover, MSA ac-
counted for about 50% of the water soluble organic carbon
in clean marine samples and only 7% in continentally influ-
enced air masses. Previously reported MSA contributions to
WSOC concentrations measured in clean marine air masses
at Mace Head are- 15% (Facchini et al., 2008a) — the cur-
rent results reflect the natural variability of the N. E. Atlantic
biosphere.

For example, MSA concentrations measured during the
campaign were almost an order of magnitude higher than

are reported as the average of the five sampldbe stan-  yho concentrations published by Yoon et al. (2007) for the
dard deviation, while the single sample values are indicate ame site, in the same period of the year, and about three-

for periodsmPandmA Figure 11 shows the absolute (A) and ¢4 pigher than the maximum value reported for the month
relative (B) chemical composition of particles collected dur- of July. In fact, preliminary evaluation of MSA levels us-
ing periodcP, mPandmAas a function of size. Continentally ing the HR-TOF-AMS elude to concentrations 23 times
influenced air masses were characterized by higher Sme'ﬁigher inmT air compared to the other air masses outlined
cron particle loads than clean marine ones: tqtal Smeicror};\bove. Comparably high concentrations have been reported
analyzed_ mass was 522'0'_1'3 and 0.98 ugn¥ in cP, mP by other investigators (McArdle et al., 1996; Savoie et al.,
andmAair masses, respectively. 2002) at Mace Head. The nssS8@MSA molar ratio was
The highest supermicron particle load was observed inthe; 7+ 1.6, 1.1 and 1.6 in periodsP, mP and mP, respec-
mPsample: 12 ugm?®, against 3.2 1.1andand 2.5 ugnt  tively. Savoie et al. (2002) proposed 3.0% @.53) as ma-
measured incP and mA air masses, respectively. Being rine biogenic nssSE¥/MSA ratio at Mace Head: the lower
coarse mass, in clean marine aerosol, determined mainly byatio characterising the clean marine samples during the cam-
sea salt, the high coarse particle load oftlesample must  paign can be attributed to the high latitude origin of the air
reflect hlgher wind speed and rougher sea conditions duringnasses (Bates et a|_, 1992; Kerminem and Leck, 2001) The
periodmP. pretty low nssSQ*MSA molar ratio of period 1 suggests a
Continentally influenced aerosol presented a bimodalsubstantial biogenic marine contribution also during period
mass size distribution with the mass peak in the 0.25-0.5 untP. The nssSQZIMSA molar ratio derived from the AMS
size range and a second mode centred in the 2.0—4.0 um sizeeasurements are of the order of 2-5 times higher than for
ranges; marine aerosol mass size distribution was, on théhe impactor data (Table 4), presumably due to the notable
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Table 4. Ratios of nss-Sulphate to MSA for the AMS and impactor 100% 1
measurements.
80% -
Period Ratio nssSﬁJ/MSA

| =
AMS  Impactors = -
2 60%
cP 133 4.7 £
o
cmP 214 NA ot
£ 40%
mP 5.1 11 ]
(]
r
mT 6.4 NA
20% +
mA 5.8 1.6
0% -
supermicron fraction of MSA in the impactor samples (see cP s mA
below) which is not characterized by the AMS. BH-C WH-C-C= MMSA mHMSA Macetate M formate MH-C-O mH-Ar

Finally, different MSA size distributions were observed
for anthropogenic influenced and clean marine aerosol sanFig- 12. 1H NMR chemical characterization of WSOC as a func-
ples: during periodtP, MSA was prevalently present in the tion of the air mass origin
submicron fraction, with a fine-to-coarse ratio of 8.9, while

the ratio lowered to 1.3 and 1.9 in samples collectechi .
: . S the mass). N@ was the second major component of coarse
andmAair masses, respectively. This different can be dueto” | ) : 3
articles during periodP (1.1+ 0.5 ug nv=, 34%), suggest-

the different chemical composition of the coarse fraction inP S L ;
clean and polluted aerosols (see below) influencing the parid 2 significant contribution of secondary processes involv-
titioning of MSA. ing coarse sea salt particle, mainly the reaction between ni-
Submicron  non-MSA-WSOM  concentration  was tric acid and sodium chloride, producing sodium nitrate and
12405 (22%), 0.068 (5%) and 0.048 (5%)pugin hydrochloric acid. Processing was evident also in clean ma-
cP, mPand mAa:erosoI samples, respectively, while WIOM rine samplges with nitr ate co_ntributing 0.10 pg?r(l%) e_md
concentration was 0.550.41 (11%), 0.045 (4%) and 0.047 0.12 pg nT™ (4%) during periodnP andmA A contribution
(5%)ugnT3. The composition of1 WIOM has not been from crustal components cannot be excluded during period

investigated, however in anthropogenic influenced particlescp even t_hou_gh they c_annot be quantified by the employed
it represents mainly primary emissions by fossil fuel, and characterization techniques.
eventually biomass, burning comprising also BC, not speci- 1H-NMR spectral features of clean marine submi-
ated by the employed analytical technique. In clean marinecron aerosols were remarkably different with respect to
samples the contribution of BC to WIOM can be consideredthose characterizing the anthropogenic-influenced samples
negligible and WIOM can be associated almost entirely(Fig. 12). In particular MSA signal accounted for up to
to primary production from the ocean surface (Facchinione third of the total detected signal in clean marine sam-
et al., 2008b). The contribution of primary and non-MSA ples while contributed in much less extent to tiesamples.
Secondary Organics in clean marine aerosols during th@ESide MSA, the most abundant aliphatic moieties are those
Campaign resulted lower than reported in previous paper§0ntaining unsubstituted saturated carbon atoms (H-C) in all
(O’'Dowd et al., 2004; Cavalli et al., 2004). three samples types, and the ratio of H-C groups to substi-
Submicron particles acidity showed sensitive differencestuted aliphatic groups, H-C-O and H-C-C=, is not remark-
between continentally influenced and clean marine aerosolgbly different formAandmP with respect taP, suggesting
Following the approach of Ziemba et al. (2007), submicron@ similar degree of functionalization of aerosol WSOC char-
aerosol acidity was estimated by the equivalent ratio betweefcterizing the three air masses. However, the speciation of
NHI and the sum of NQ, qu and MS. Submicron aliphatic functionalities changes between samples, with the
anthropogenic influenced aerosol resulted almost neutralize@A case showing the highest proportion of alcohols/ethers
(ratio=0.98+ 0.04), while clean marine particles presented (H-C-O), whilemPandcP exhibit a relatively higher contri-
ratios of 0.35 §P) and 0.38 nA) typical of acid particles. bution from aliphatic groups adjacent to carbonyls, carboxyls
Supermicron particles chemical composition was dominatectnNd other unsaturated structures (H-C-C=). Therefore, the
by sea salt in clean marine aerosol samples (12 R)(@6% samples of clean marine air show variations in their WSOC
of the mass) and 2.0 ug™ (82%) inmPandmAair masses, ~COmposition related to air mass origin.
respectively). Sea salt was an important component also in Anthropogenic-influenced samples present a higher frac-
anthropogenic influenced aerosol (8.9 ugn3, 47% of  tion of aromatic hydrogen atoms (3.8%) with respect to clean
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marine ones (0.38 and 0.55% P and mA respectively). 1

The low aromatic content afP samples compared to “typ- j U

ical” pollution aerosols in continental areas (7—10% accord-

ing to Matta et al., 2003; Mayol-Bracero et al., 2002 and 3 —_— p& LemP] 35 nm
Decesari et al., 2007) can result from the mixing with marine §1 3 s — 75
particulate organic compounds (which are mainly aliphatic) & — 165nm
and possibly from oxidative degradation of the aromatic moi- j -l

eties during the transport from the source areas in Europe. -

HMSA (hydroxymethanesulfonate), which is formed in the ] A LmA]
atmosphere by the reaction of S@ith formaldehyde, was 10 11 12 13 14 15 16 17 18 19

clearly detected in all the samples. Others identified single

compounds such as acetate and_ formate were found in bOtEig. 13. Hygroscopic growth factors for 35, 50, 75, 110, and 165 nm
clean marine and anthropogenic influenced samples. dry particles forcP, cmP, mP, mT andmAair masses. Also shown,

in the vertical lines are the growth factors for pure ammonium sul-
3.4 Aerosol hygroscopicity phate for the corresponding colour coded dry sized particle. Growth

Factors in the measurements are limited to a maximum of 2 and
As in the SMPS data analysis, periods with nucleation weretherefore do not capture Growth Factors of 2.2 associated with pure
removed from the H-TDMA analysis. The H-TDMA showed sea-salt.
significantly different GFs for aerosols occurring under dif-
ferent air masses (Fig. 13). The GF-PDF &% and cmP
air masses exhibited peaks all below 1.45 at different size$izes sampled (35nm and 165nm) a slightly lower GF of
(35nm, 50nm, 75nm, 110 nm, 165nm), whilst all the GF 1.47£0.1 is observed. ThenA period, similar to themT
for the other 3 air massemP, mT, andmA) show GF peaks Period, comprises two GF modes for two groups of particle
above 1.35 and below 1.5. This range of GFs indicates thasizes: namely GF1.45 for 110nm and 165nm particles,
the majority of particles have GFs notably less than ammo-2nd GF~1.52 for 35, 50 and 75nm particle sizes. A de-
nium sulphate for the selected sizes (Nilsson et al., 2009)tectable mode at 1.1 can also be seen 35nm particles, indi-
With the current instrument configuration, it could not be dis- cating a contribution of small particles with very low water
cerned what fraction of the aerosol had GFs corresponding t§olubility.
pure sea-salt (GF =2.2). The above GF results are indicative of significant devia-

More specifically,cP air masses exhibit a large differ- tions from a marine aerosol population dominated by nss-

ence in GFs (broad peaks between 1.2 and 1.5) across sizéslphate, although it is not possible to comment on the simi-
suggesting a different chemical composition for particleslarity to sea-salt. GFs are always notably less that of pure am-
of different sizes, slowing the GF shifting towards higher monium sulphate GFs. Depending on the size being consid-
values as the particle diameter increases (progression frorired, significant enhancement of secondary organic aerosol
35nm sizes with GF~ 1.274+ 0.05 to 165 nm sizes with GE  amongst the smallest sizes, and significant enhancement of
~1.3840.05). A second mode at about 1-1.2 can be seerprimary marine organic aerosol is consistent with the obser-
in the GF-PDF for theP case, indicating a small fraction of vations. These GF results are in stark contrast to GF stud-
very low solubility particles.cmP air masses exhibit a dif- ies reported in other oceanic regions, as summarized below;
ferent GF-PDF distribution compared to tbe air masses, however, they are consistent with the emerging picture of
with generally lower GFs for all sizes. At least 3 particle N. E. Atlantic marine aerosol being significantly enriched
types with 3 different GF from 1.0 to 1.5 can be seen un-in both water soluble and water insoluble organic aerosol
der these conditions, with a reducing GF for reducing par-(O’'Dowd et al., 2004). In particular, comprehensive field
ticle sizes. The contrasting and lower GFs associated wittstudies in the past include the Aerosol Characterization Ex-
cmPair masses compared ¢® air masses suggest a greater periments ACE 1, ACE 2 and ACE 3 which determined
amount of less oxidized organic aerosol associated with théhe physical, chemical, and optical properties of aerosols
cmP air masses and point to more local sources of organidn the marine boundary layer over the Pacific and Southern
aerosol. mP air masses probably represented the simplesOceans and over the eastern Northern Atlantic Ocean (Berg
group, with a GF of 1.45-0.05 for all the different sizes etal., 1998; Swietlicki et al., 2000) and the Southern Atlantic
showing an internally mixing state and one broad type ofOcean or the Indian Ocean (Massling et al., 2003).
particles at least for sizes at 35 and 50 nm. The bigger sizes The average GFs for the studies of Massling et al. (2003)
(110 nm and 165 nm) show a broader GF-PDF distributionat 90% RH ranged between 1.66 and 1.74 for 50 nm particles,
across smaller GF suggesting a contribution of a less solubléetween 1.80 and 1.93 for 150 nm particles, and between
particle type at higher sizes. TmeT period shows similar  1.84 and 2.03 for 250 nm particles. These values agreed with
GF-PDF for mid-sized particles at 50 nm and 75nm, with those for marine aerosols measured during experiments con-
average GF at 14 0.09, and for the smallest and largest duced over the Pacific Ocean and Southern Ocean, namely,
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1.66 for 50 nm particles and 1.78 for 150 nm particles (Berg 200

et al., 1998). However, the average GFs for the clean ma—”g"m* :
rine air masses ranged between 1.66 and 1.74 (50 nm), 1.8@1:22:

and 1.93 (150 nm), and 1.91 and 2.03 (250 nm). In general, ® 40| Y e __:__ ir’;P
relatively high GFs of more hygroscopic particle fractions ~ 1: o mT
correspond well with the measured chemical inorganic com- £ |1 = - mA
position. For most time periods, ammonium ions and sul- % o [

fate ions dominated the molar distribution, signifying that 2 041 %:

the major inorganic compounds were hygroscopically active & :2

material, such as ammonium sulfate, ammonium bisulfate, ~  01% = 025% = 05% = 1.0%

and sulfuric acid. In addition, during clean marine air mass Supersaturation

conditions at Puerto Rico (Allan et al., 2008), the submicron _ ) _ )
aerosol was observed to be almost entirely inorganic and sug-'9: 14- (Top) CCN concentrations as a function of supersaturation
ported by hygroscopicity observations where the GF spectr%nOI air mass classification. (Bottom) Ratio of CCN to total Con-
showed a consistent mode around 1.5-1.6. This is quite clos&ensation Nuclei at sizes larger than 10 nm diameter.
to the GF that are predicted for ammonium sulphate. More
recently (Allan et al., 2009) again reported GFs of about 1.6-3.6 Aerosol optical properties
1.8 for different particle sizes during clean marine conditions
encountered in the Eastern Atlantic area of Cape Verde. A Black Carbon (BC) mass attenuation efficiency of
Our study shows clearly lower GF, implying probably a 16.6nf g1, specified by the Aethalometer manufacturer,
different chemical composition, likely to be due to less sol- Magee Scientific, was used in this work to convert
uble organic components. Our studies support the finding othe aerosol absorption data into BC mass concentra-

Sellegri et al. (2009). tions. Aerosol absorption data for this intensive field
study were in line with previous results (Junker et al.,
3.5 CCN properties 2006), with aerosol light absorption of 5:2.66 MnT 1,

. ~ 4.61+£1.69MnTl, 0.56+£0.33MnT1, 0.74+£0.41Mn7t
Figure 14 shows that the CCN total number concentrationsgnd 0.38+ 0.26 Mn1 for cP, cmP. mP, mT andmA M, re-

had the same trends going from polluted to progressivelyspectively.
cleaner air masses, showing a decrease in r;umber concen-Nephelometer scattering data for this field study are shown
tration. Peak CCN concentrationsef1600 cnT* occurred i Fig. 15 for different wavelength and different periods of
In cP air masses for supersaturations of 0.5%-1%, decreasne field study. A progressive decrease over the five periods
ing to 740 cnm atasuperstug)ratmn of 0.1%. emPair, peak  can pe seen for all the 3 wavelengths. However, different
concentrations of- 1300 cnm> were obsserved for 0.5%-1%  pehaviors can be further noticed when the ratio between the
supersaturation, decreasing 30 cnm* at 0.1% supersat-  signals obtained from different wavelength is calculated. The
uration. For botltP andmcPair masses, the concentration of mP period shows the highest ratio for 700 nm/450 nm wave-
CCN between 0.5% and 1% supersaturation does not effeqengihs and 550/450 wavelengths ratios, implying coarser
tively change, indicating all CCN are activated at 0.5% super-particles (seaalt— as seen from the impactor chemical anal-
saturation. ThenT :?mdmAsupegsatura'tlon'spectra are more ysis) A contrasting trend is seen for th period, suggest-
or less identical, with- 400 cn* nuclei activated at 1% su-  jng 4 higher number of smaller particles during this period.
persaturation, decreasingt6200 cnt3 for 0.1% supersatu- AOD values were highest in theP air mass with val-

: & 3
ration (specifically 230 e and 166cm* for mAandmT, 65 glightly in excess of 0.35 at 367.6 nm wavelength, de-
respectively. In terms of CCN activation ratio (i.e. the ra- creasing to~ 0.15 at 863.1 nm wavelength. The next largest
tio of CCN activated at a give supersaturation over the totalygp yalues were encountered in theP air mass ranging
condensation nuclei concentration at sizes 10nm), the  f5m ~0.25 at 367.6 nm to- 0.1 at 863.1 nmcP ai’r exhib-
lowest ratio occurred for themPair mass, increasing from o4 AOD values ranging from- 0.2 at 367.6 nm te~0.15
0.15 at 0.1% supersaturation+t00.4 at 1% supersaturation. o gg3.1 nm. FinallymA air exhibited AOD values ranging

In cPair, the ratio ranges from 0.2 to 0.5 over the same rangg,qm ~ 0.15 at 367.6 nm te- 0.05 at 863.1 nm. The values of
of supersaturations. For bathhandmT air masses, the ratio  A\qp at 501 nm incP. cmP mP andmAare~ 0.25.~ 0.17

ranges from 0.4-0.7 over the same range of supersaturations, 5 15 ang~ 0.1, respectively. No AOD was recorded dur-

Durin_g this cam_paign, CCN data was not available for theing mT air due to complete cloud cover through that pe-

mP air mass period. riod. The spectral shape of the continentally-influenced air
masses demonstrate a sharper fall-off in AOD at longer wave-
lengths compared to the maritime air masses, suggesting a
lesser influence of supermicron particles on AOD. What is
also interesting is the fact that tkenP AOD is notably less
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that that associated wiitP air, despite the remarkable sim-  sox10*]
ilarities in microphysical properties such as size distribution -_ 33' i il A)
—

cmP aerosol possesses a significantly lower growth factor E +
that aerosol irtP air masses. Average relative humidityciR 2]
air was~ 80% while incmPrelative humidity was~ 90%. o
Despite the higher relative humidity tmP air, cP aerosol g%
contributes to a greater AOD. Consequently, the difference “:jfj
in AOD between the two air masses seems to be largely due oo

to the aerosol GF, and consequently, chemical composition.

These results (Figs. 15 and 16) are similar to those refig, 15. (A) 450 nm, 550nm, and 700 nm scattering coefficient
ported by Mulcahy et al. (2009) who reported 501 nm AOD as a function of air mass categori¢B) absorption coefficient as
values of 0.14 under marine conditions and 0.19 for conti-a function of air mass categorie$¢C) Aerosol Optical Dept as a
nentals conditions. It should be noted that in Mulcahy etfunction of 368 nm, 412 nm, 501 and 863 nm wavelengths and aor
al. (2009), peak AOD in clean air reached 0.4 and was at-mass categoties.
tributed to increased sea spray under high wind conditions

clear in GFs between the two air mass categories in that |
—&— Gy (B)

—o— 368nm
—e—412nm| |(C)
S 501nm
— —o— 863nm

cP cmP mP mT mA

. . 1 550nm

and number concentration. However, differences are more 13 -_IL-- = 700nm
\__
—

|
.
-

(Mulcahy et al., 2008) and peak AOD values in continental ::Z }\ —e— cP
air was of the order of 0.5 for the most polluted case. The cmP|
AOD in the marine cases at 500 nm is in reasonable agree- \%\ —o— mP
ment, although generally larger than baseline AOD values of , 25 —&— mA
0.07 over the Atlantic Ocean (Kaufman et al., 2001) and of € 0.0 —
0.11 over the North Atlantic Ocean as measured by Ville- .15 é_\\i‘*\
valde et al. (1994). o \&\\k

0.05 - \_
4 Discussion 0.00 367.6 4121 501 863.1

Wavelength (nm)

A comprehensive set of meteorological and aerosol physico-
chemical measurements were undertaken as part of the EUrig. 16. Aerosol Optical Dept spectral dependence by air mass
CAARI Mace Head Intensive Observing Period. The re- category.
sults characterize, in the most comprehensive manner to date,
aerosol properties as a function of air masses entering (imstagnant air flow and was likely to comprise a significant
port of hemispheric pollution) and exiting (export of pol- fraction of local, and consequently, less aged pollution.
lution to the N. E. Atlantic) Europe. From a meteorologi-  Both polluted air masses exhibited remarkable similarities
cal perspective, wind speeds, temperatures and relative hun their aerosol concentrations and size distribution shapes.
midities were typical of the temperate latitudes associatedConcentrations were 3261 ¢ for cP air and 3044 cm3
with the measurement location. Period-average wind speed®r mcP, both with a dominant modal diameter at 60 nm.
ranged from 6-13 mrs" while temperatures ranged from 13— The chemical composition (excluding refractory sea salt)
14.5°C and relative humidity ranged from 80-92%. Five was dominated by organic matter, followed next by sulphate
typical air masses, common to the region, were encounterednass and then notable amounts of nitrate. The highest or-
Two of these were polluted continental and three were cleayanic mass occurred for thenP case. Black carbon mass,
marine. During all conditions, the marine boundary layer using the MAAP instrument, was similar for both cases with
comprised two decoupled layers — a surface mixed layeimass loadings- 328-388 ng m®. Aerosol GFs were signif-
and a decoupled residual/convective layer. The surface layeicantly lower in thecmP case and GF modes as low as 1.1
ranged from 500 m to 2000 m while the top of the boundarywere more prominent iomPair. The lower aerosol solubil-
layer (also the top of the residual layer) ranged from 1500 mity, inferred from the GFs, was also reflected in the CCN/CN
to 2500 m. ratio being lower for themPcase compared to theP case

The two polluted cases were associated with high pressuré0.14 at 0.1% supersaturation for th@P case increasing to
systems over Europe and differed in that diecase trans- 0.4 at 1%, compared to 0.23 at 0.1% and 0.55 at 1% supersat-
ported significant pollution, under moderately strong easterlyuration for thecP case). The more soluble characteristics of
winds, from central Europe to Mace Head and was likely tocP air points to a more aged pollution aerosol as the organic
comprise predominately aged pollution. In contrast,aim®  fraction is likely to be more oxidized.
case, with the centre of the associated high located over or In terms of optical properties, the absorption coefficient
close to Mace Head, was characterized by low winds andvas quite similar in both cases & 5.2 Mm~1 for cP air
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and o = 4.6 Mm~1 for cmP air); however, greater differ- 5 Conclusions
ences were seen between the two air masses for aerosol
550 nm-scattering (3.09 Mr# and 2.08 Mn12, respectively, Anthropogenic air advecting out of Europe and into the
or 50%) and 501 nm-AOD (0.24 and 0.17, respectively, orN. E. Atlantic comprises aerosol concentrations of the or-
40%). The significantly higher scattering and AOD levels as-der of 3000cm? and a size distribution mode of the or-
sociated with the cP air mass, which is in fact characterizecfer of 60 nm. By comparison, marine air entering into Eu-
by a lower relative humidity (80% compared to 90%), given rope via latitudes of 54N, whether tropical, polar or Arc-
the similarities in number concentration and spectral shapetic, exhibit concentrations of the order of 400-600chrbut
suggests that the difference in aerosol GFs, resulting fronith concentrations as high as 1100chaccurring in polar
the degree of aging, accounts for a Signiﬁcant Component oﬁ.il’. All marine air size distributions dlsplay clear bimodal-
the aerosol radiative properties. ity with an Aitken and accumulation mode. Polar air also
For marine cases, tropical, polar and Arctic air massesexhibited a recently-formed nucleation mode-&t5 nm, in-
were encountered. All cases represented clean conditiondicative of an open ocean source of new particles. The high-
and low particle concentrations of betweem00 cn3 and est organic matter loadings occurred in the two continental
~ 1100 Crrr3, the h|ghest concentrations occurring for the cases and dominate submicron mass Ioadings in both cases.
mPcase. The aerosol size distributions were clearly bi-modafSulphate contributed less than organics in polluted air, but
with an Aitken mode between 40 and 60 nm and an accumuinore so than nitrate. MSA contributed the dominant wa-
lation mode between 200 and 300 nm, the larger mode diamter soluble organic fraction in marine air masses and con-
eter occurring fomT air. The concentrations of the Aitken tributed up to 30% of the aerosol mass at certain sizes. Water
and accumulation modes were very similar for all three airinsoluble organic mass contributed significantly less to sub-
masses; however, a third mode at 15 nm was observed in th@icron aerosol mass than previously report, while the MSA
mP case. This third mode accounts for the30% higher ~ fraction was at least double than previously reported (Yoon
concentration associated withP air compared tanT and €t al., 2007). All air masses exhibited hygroscopic GFs sig-
mA air. This mode is a recently formed nucleation mode, nificantly less than ammonium sulphate and even more so

thought to be formed over the open ocean. If we assume &an sea salt. The GF-PDF peaks at 1.35-1.4 for the two
nucleation mode growth rate of 1 nmh and taking the av-  continental cases and 1.45-1.5 for the marine cases. In both

erage wind speed fanPair of 12.5ms?, this would imply ~ categories, GFs do not reflect GFs for ammonium sulphate
a source region 675 km off shore. suggesting significant organic enrichment or coating around

The chemical composition of the marine aerosol cases idnorganic cores.

supermicron sizes s, a.s expef:ted, predominantly .Compnseg\cknowledgementsThis work was funded by the European Com-
of Sea-sglt. For submicron sizes, sulphate Contrlbute.d th ission Framework Programme 6 EUCAARI Integrated Project,
largest single component (up to 50% in the smallest sizeS)yejand Higher Education Authority Programme for Research in
The AMS indicates that the highest sulphate mass occurghird Level Institutes — Cycle 5, and the Irish Environmental Pro-
for the mT case, although this cannot be corroborated bytection Agency. NOAA Hysplit and MODIS Ocean Colour website
the off-line measurements as the were not availablerfdr  are also acknowledged for providing air mass back trajectories and
air; however, it is consistent with previous studies (Yoon etChlorophyll map.
al., 2007). As discussed, above, the AMS sulphate mass in
marine air is likely to be somewhat contaminated by MSA. Edited by: V.-M. Kerminen
From the off-line impactor chemical data, MSA is the single
most important organic species in marine air, with concen-,
trations up to 40% in the smallest sizesnmP air. MSA is
significantly higher during this campaign compared to previ- alan, J. D., Alfarra, M. R., Bower, K. N., Williams, P. I., Gal-
ous campaigns at the same location and using the same tech-lagher, M. W., Jimenez, J. L., McDonald, A. G., Nemitz, E.,
niques (Yoon et al., 2007). In addition, the water insoluble Canagaratna, M. R., Jayne, J. T., Coe, H., and Worsnop, D.
organic mass component is also significantly less that previ- R.: Quantitative sampling using an Aerodyne aerosol mass spec-
ous reports at the same location (O’Dowd et al., 2004). Black trometer 2. Measurements of fine particulate chemical com-
carbon was between 17 and 44 nginconsistent with clean ~ Position in two UK cities, J. Geophys. Res., 108(D3), 4091,
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