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Abstract. Measurements of the ambient aerosol were per-and urban origins. For some species{Piactions in marine
formed at the Southern coast of Spain, within the frame-air were significantly larger than in air masses originating
work of the DOMINO piel Oxidant Mechanismdn rela-  from Huelva, a closely located city with extensive industrial
tion to Nitrogen Oxides) project. The field campaign took activities. The largest fraction of sulfate (54 %) was detected
place from 20 November until 9 December 2008 at the at-in marine air masses and was to a high degree not neutral-
mospheric research station “El Arenosillo” (5747.76' N, ized. In addition, small concentrations of methanesulfonic
6°446.94' W). As the monitoring station is located at the acid (MSA), a product of biogenic dimethyl sulfate (DMS)
interface between a natural park, industrial cities (Huelva,emissions, could be identified in the particle phase.

Seville) and the Atlantic Ocean, a variety of physical and [n all air masses passing the continent the organic aerosol
chemical parameters of aerosols and gas phase could be chéraction dominated the total NR-PM For this reason,
acterized in dependency on the origin of air masses. Backusing Positive Matrix Factorization (PMF) four organic
wards trajectories were examined and compared with locaherosol (OA) classes that can be associated with various
meteorology to classify characteristic air mass types for sevaerosol sources and components were identified: a highly-
eral source regions. Aerosol number and mass as well agxygenated OA is the major component (43 % OA) while
polycyclic aromatic hydrocarbons and black carbon concensemi-volatile OA accounts for 23 %. A hydrocarbon-like OA
trations were measured in RMind size distributions were mainly resulting from industries, traffic and shipping emis-
registered covering a size range from 7nm up to 32 umsions as well as particles from wood burning emissions also
The chemical composition of the non-refractory submicroncontribute to total OA and depend on the air mass origin.
aerosol (NR-PM) was measured by means of an Aerosol A significant variability of ozone was observed that de-

Mass Spectrometer (Aerodyne HR-ToF-AMS). Gas phaseyends on the impact of different air mass types and solar ra-
analyzers monitored various trace gases &y, NO, NOy, diation.

C0O,) and a weather station provided meteorological param-
eters.
Lowest average submicron particle mass and number con-
centrations were found in air masses arriving from the At-1 Introduction
lantic Ocean with values around 2 pgfand 1000 cm®.
These mass concentrations were about two to four timesStudying tropospheric aerosols is becoming increasingly im-
lower than the values recorded in air masses of continentaportant as they influence the Earth’s climate (IPCC, 2007),
continental, urban and marine ecosystems and visibility
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(Querol et al., 2009). In addition they can have a significant
influence on human health (Pope and Dockery, 2006). To
study the influence of natural and anthropogenic pollutants
emitted by local and regional sources, measurement cam:
paigns at remote sites are required where the complex mix-
ture of components in the atmosphere can be observed. Thii|—.
mixture depends on the various source regions influencing
the measurement site as well as their distance, since chem
ical and physical processing takes place in an air mass dur-
ing transport. In addition, particularly in Southern Europe,

the season plays an important role. In the summer months
African dust outbreaks, re-circulation of air masses, strong
photochemistry and long range transport from NW Europe
or Western Iberia (Sanchez de la Campa et al., 2007; Pey e
al., 2008) affect the atmospheric composition and levels. The
SW of Spain lies next to the Atlantic Ocean and the Strait of

Gibraltar, a major ship route. There are several large towns
and cities, the largest of them Seville, important ports like

the one of Huelva, as well as large agricultural plantations
and forests.

The air quality close to the heavily industrialized area Atlantic
around the city of Huelva is significantly degraded at times. Ocean
Epidemiological studies (CSIC, 2002) as well as the distri- | 5 15 20km
bution of cancer incidents in Spain (Benach et al., 2003) sug-| —S___ ]
gest that certain kinds of cancers (e.g. lung cancer) occur in
this region at an elevated rate. Therefore, a number of studrijg 1. Map of Spain(a) showing the location of the field measure-
ies were performed, mainly in and around Huelva to evaluatéments(c) and an angular histogram of the wind directions recorded
the impact of industrial emissions and their characterizationduring the campaigtb).
in terms of the chemical composition and potential origin
(Ferrandez-Camacho et al., 2010b; de la Rosa et al., 2010;

Perez-Lopez et al., 2010; de la Campa et al., 2011; Toledan@ Overview of the 2008 DOMINO campaign

et al.,, 2009). In addition, the interaction of high solar ra-

diation levels as they occur in Andalusia together with ele-The 2008 DOMINO Diel Oxidant Mechanismsn rela-
vated anthropogenic and natural ozone precursor emissiorf®n to NitrogenOxides) research campaign took place from
lead to enhanced photochemical ozone production that ca@0 November until 9 December at the atmospheric research
be measured downwind of industrialized regions, where thestation “El Arenosillo” (37547.76' N, 6°446.94’ W) in the
ozone precursor substances are emitted (Adame et al., 2008puthwest of Spain (Fig. 1a), operated by the INTA (Na-
2010a, b). tional Institute for Aerospace Technology). The main ob-

So far no comprehensive studies investigating the chemjective of the campaign was to characterize the oxidative ca-
ical composition of aerosol particles in conjunction with pacity of the troposphere. For this reason, the focus was to
measurements of a variety of trace gases were conducted igtudy the atmospheric oxidation chemistry, to compare the
Southern Spain. The aim of this study is to present a detailedadical and nighttime chemistry and to characterize the self-
investigation of the variability of aerosol, trace gas character-cleaning efficiency of the atmosphere in different air mass
istics and meteorological conditions depending on continentypes. Our contribution to this project was the investigation
tal, urban and marine sources surrounding the measuremenf the aerosol particle chemistry, composition, formation and
site in “El Arenosillo”. Backwards trajectories were calcu- transformation processes. Therefore, we measured a large
lated and compared to local meteorology to classify differentnumber of atmospheric parameters simultaneously.
air mass categories. The non-refractory submicron aerosol The “El Arenosillo” research station lies within a Pro-
composition was determined depending on the air mass catected Natural Area in between 3 very different source re-
egories. The sulfate fraction was further investigated regardgions: the Atlantic Ocean, the town of Huelva (20 km dis-
ing aerosol acidity for the individual air mass types. A focus tance) and the nearby National Park offiama. The At-
is also on organic components of the aerosol, their sourcekantic Ocean itself has relatively low levels of pollutants,
and variations. Furthermore, the dependence of the diurnahowever there are shipping emissions from heavy ship traf-
ozone variation associated with meteorological conditionsfic in the Strait of Gibraltar (Pey et al., 2008). Huelva is a
and different air masses was analyzed. highly industrialized town with three large chemical estates

8°W [4°W,

B5°N

Morocco
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where fertilizer production industries, petrochemical indus-Inc.) as well as the Filter Dynamics Measurement System
tries, ammonia and urea industries as well as paper producFapered Element Oscillating Microbalance (FDMS-TEOM,
tion industries are situated (Carretero et al., 2005; AlastueyRupprecht & Patashnick Co., Inc.) (see Table 1). For par-
et al., 2006; Querol et al., 2002, 2004; Fendez-Camacho ticle size information, a Fast Mobility Particle Sizer (FMPS
et al., 2010a). The nearby National Park offlana on the 3091, TSI, Inc.), an Aerodynamic Particle Sizer (APS 3321,
other hand is a Nature Preserve Park with a large variety off SI, Inc.) as well as an Optical Particle Counter (OPC
ecosystems and a unique biodiversity (de la Campa et al.1.109, Grimm) were used to cover a particle size range
2009). Situated in the west of the Guadalquivir River, it from 7 nm until 32um. The chemical composition of the
is a UNESCO Biosphere Reserve and Heritage of Mankindnon-refractory (NR) aerosol in the submicron range was
consisting of marshlands, pine forests, preserves and mowneasured by means of a High-Resolution Time-of-Flight
ing sand dunes. Beyond it at 70km distance from the siteAerosol Mass Spectrometer using the “V-mode” (HR-ToF-
lies the city of Seville, the capital of Andalusia (population: AMS, Aerodyne Res., Inc.). The black carbon concentration
704 000). However it is less industrialized than Huelva (pop-in PM1 was determined by a Multi Angle Absorption Pho-
ulation: 149 000) which is located at the southwestern end otometer (MAAP, Thermo E.C.) and polycyclic aromatic hy-
the Andalusian region and is surrounded by the rivers Odieldrocarbons on particles were appointed by the PAH-Monitor
and Tinto and the Atlantic Ocean (Fig. 1c). The predomi- (PAS 2000, EcoChem. Analytics). Mola is also equipped
nant wind directions at the station during the time the studywith two instruments to detect various trace gases. An Air-
took place were WSW, NW and NNE transporting air from pointer (Recordum GmbH) measures the gas phase species
Seville, Huelva, the Continent and the Atlantic Ocean to theSG,, CO, NO, NGQ and Q. CO, and HO were moni-
measurement site (Fig. 1b). tored using a LICOR 840 gas analyzer (LI-COR, Inc.). A
In order to study the variability of the particle loading, weather station (WXT 510, Vaisala) provided the most im-
composition, size distributions as well as trace gas and meteportant weather parameters, such as ambient temperature,
orological parameters in different types of air masses whoseéelative humidity, air pressure, wind speed, wind direction
origin is well defined, the campaign was conducted in winter.and rain intensity.
This offers the advantage to achieve a better understanding
of the characteristics, sources and processes, as typical surd-1.2 Sampling setup
mer features in this part of Southern Europe are reduced: en-
hanced photochemistry or recirculation periods that typicallyDuring the field campaign the roof inlet of MoLa, which is
occur in spring and summer seasons in this part of Southerformally available for stationary measurements, was used.

Europe (Pey et al., 2008) would contribute to a more complexNext to the roof inlet an extendable mast with the meteo-
study scenario. rological station was fixed, both for measurements in 10m

In the beginning of the campaign from 20 November un- height. Short branches were used to connect several instru-

til 3 December fair weather conditions with sunny days andments with the main inlet system. The sampling line is op-
clear skies prevailed. Therefore, a stable nocturnal boundar§imized for a flow rate of about 901 mirt and therefore a
layer existed and low altitude emissions for example fromPump with flow control was used for regulating this flow in-
Huelva were accumulated and measured at elevated conceflependent of the set of instruments operating. The inlet was
trations. Only on two nights (28—29 and 29—-30 November)Optimized and characterized for transport losses and sam-
short precipitation periods occurred which did not change thePling artifacts (von der Weiden et al., 2009). One of the main
atmospheric composition significantly as the wind originatedcharacteristics is the occurring aerosol particle loss. Table 1
from the marine source region and concentrations remainegontains particle loss information for all instruments calcu-
as low as before. During the last 6 days of the campaign (3—dated using theParticle Loss Calculatoivon der Weiden et
December), it was cloudy with nearly constant temperature@l., 2009). While particle losses have a maximum of 45%

relative hum|d|ty and air pressure near ground_ for 20 Hm partides for the APS, for all other instruments
used during the campaign maximum particle losses are be-
2.1 Setup for ground based measurements of aerosol, low 25%. The respective losses are relatively small in the
gas phase species and meteorology size range where the majority of relevant data for this work
is collected: in the size range from 30 nm to 2 um calculated
2.1.1 Key instrumentation particle losses are below 8% (without regarding the AMS:

<3%). Therefore the occurring particle loss can be neglected
Measurements of the ambient aerosol and several trace gaénce they do not influence the measurement results signifi-
concentrations were performed using MoLa, a mobile plat-cantly and the ambient aerosol was measured mostly unbi-
form for aerosol research (Drewnick et al., 2012). During ased in this range.
this campaign physical aerosol particle properties infPM  Transport times through the sampling line differ slightly
were detected by the ultrafine water-based Condensation Pafer the individual instruments, so the sampling and measure-
ticle Counter in the 5nm to 3 um size range (CPC 3786, TSI,ment times are not identical. Therefore the time stamp for
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Table 1. Summary of measured quantities, size ranges and the corresponding particle losses, sampling time delays and detection limits for
the instruments implemented in the mobile laboratory (MoLa). Particle losses within the given size range boundaries are lower than those
provided here; therefore the given losses are upper limits.

Measurement Measured Quantity Size Range/ Sampling  Detection Limits/
Instrument (Particle losses) Delay Accuracy
AMS
Aerosol Mass size-resolved Aerosol 40 nm (6 %)— 43s sulfate: 0.04 pg m?
Spectrometer Chemical Composition 600 nm (2 %) nitrate: 0.02 ug m3
(vacuum ammonium: 0.05 ug m?
aerodynamic chloride: 0.02 ug m?
diameter) organics: 0.09 pg m3
MAAP
Multi Angle Absorp- Black Carbon Particle 10nm (4 %)— 7s 0.1ugm3
tion Photometer Mass Concentration 1um (0.2 %)
PAH-Sensor
Polycyclic Aromatic total PAH 10nm (11 %)— 8s 1ngm3
Hydrocarbons Sensor Mass Concentration 1 pm (0.3 %)
CPC
Condensation Particle Particle 5nm (25 %)— 7s N/A
Counter Number Concentration 3um (0.8)
TEOM
Tapered Element Particle <1pum (0.5-9 %) 9s 2.5ugme
Oscillating Mass Concentration (PM
Microbalance
FMPS
Fast Mobility Particle Particle Size Distribution 7nm (9 %)- 7s N/A
Sizer based on Electrical Mobility 523 nm (0.1 %)
(Dmob)
APS
Aerodynamic Particle Particle Size Distribution 0.37pum (0.1%)- 7s N/A
Sizer based on Aerodynamic Sizing 20 um (45 %)
(Daer@
OPC
Optical Particle Particle Size Distribution 0.25um (0.05%)— 8s N/A
Counter based on Light Scattering 32 um (0.002 %)
Cross Section (Dopt)
Airpointer
O3, SOy, CO and NO, NG N/A 6s Oz <1.0 nmol mot?
Mixing Ratio SO,: <1.0nmol mott
CO: <0.08 umol mot1
NOy: <2.0 nmol mott
LICOR LI840
CO, and O N/A 8s COy: 1 pmol mot?
Mixing Ratio (accuracy)
H,0: 0.01 pmol mot 1
Met. Station
Wind speed and Direction, N/A Os N/A

Temperature, RH,
Rain Intensity, Pressure
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each instrument has to be corrected depending on the reshe measurement site, 48 h back trajectories at 10 m arrival
idence time of the aerosol in the tube system. The calcuheight above ground level were calculated for every 2 h dur-
lated delays for all instruments were subtracted from the timeng the whole campaign using the HYSPLIAY brid Single
stamps to get the correct sampling time. The sampling delay®article L agrangianl ntegratedT rajectory) model (Draxler
for the individual instruments are also presented in Table 1and Rolph, 2003). To analyze the measured data of chemical
The time resolution used for this analysis was 1 min for all and physical aerosol particle properties as well as gas phase
instruments beside the TEOM which generated 15 min dataparameters that are associated with different source regions,
the whole dataset was divided according to back trajectories
2.1.3 Quality assurance for aerosol chemical that correspond to similar air mass histories. For this assign-
composition measurements ment we assume that the respective data, one hour before the
) ) ) ) arrival time and one hour thereafter, “belong” to each tra-
For data quality assurance a variety of calibrations of thejg tory and associate these data in the further analysis with

AMS were performed before and during the campaign. Ae source region defined by the trajectory. Figure 2 shows
particle Time-of-Flight calibration was accomplished prior 5 map including back trajectories classified into 6 air mass

to the camp_aign, us_ed to_convert particle flight t_ime_s into thecategories based on air mass origins and pathways. The re-
corresponding particle diameters. For determination of they,ing air mass categories with the corresponding angles of
instrument background and several distinct instrument Payg |imiting trajectory arrival directions as well as the mea-

rameters, measurements using a high-efficiency particulatg rement time in percent of the entire measurement period
air (HEPA) filter as well as a calibration of the lonization ef- ..

ficiency (IE) of the ion source were conducted once a week.

The sensitivity of the detector was monitored permanently — “Seville” (65-82, 6 %)

and calibrated frequently as well. o . " o 0
A collection efficiency (CE) factor (Huffman et al., 2005) Continental” (340-65, 159%)

has to be determined to account for the fraction of particles — “Portugal + Huelva” (310-328 3 %)

that are not detected as they bounce off the vaporizer be- .,

fore evaporation and to correct for incomplete transmission ~ Marine +Huelva” (285-319, 18 %)

of particles through the inlet of the instrument. Usually this  _ «portugal + Marine” (265—285 15 %)

factor is determined by comparing AMS measurements with

results from other instruments or filter measurements. This — “Marine” (140-2635, 6 %).

factor usually ranges between 0.5 (for 50 % particle loss) and 1 pe ¢jassified as “Seville”, calculated back trajectories

1 (no bounce) and depends mainly on the measurement COfa 1 cross Seville (latitude and longitude for “Seville” cat-

ditions, for example, relative humidity or particle composi- egory borders: 37611 N, 55433’ W and 372455’ N,

tion. For the DOMINO_campaign,_a CE factor o_f 0.5 for the 6°5'1" W) before approaching the measurement site. Air

AMS mass concentrations (organics, sulfate, nitrate, ammMop 4 sqes jabeled as “Continental” contain air transported from

nium and chloride) was used. When using this typical CEgpanish inland areas over pine and eucalyptus forests to
factor, the time series of the ToF-AMS mass concentrationshe station. While “Portugal + Huelva” trajectories mainly

summed with the MAAP ble_lck carbon mass concentrations; 4ve| over Portugal before passing Huelva and then the
show a good agreement with TEOM EM“'SSS concentra-  gjie- trajectories corresponding to “Marine + Huelva” firstly
tions (ratio PMws+maap/PMreom = 0.97, R* = 0.6). travelled over the Atlantic Ocean (Huelva category borders:
During normal operation, the AMS collected averaged 37191 N, 6°5036’ W and the coastline). In contrast to
high resolution mass spectra and species-resolved size diStr‘iPortugal +Huelva” air masses with trajectories spreading
butions by alternating through the re_Iated operation mOdeSpreferentiaIIy over the northern part of Huelva city, “Ma-
spending 50 % of the sampling time in each mode. The deyjng 1 Hyelva” trajectories extend over the whole area of the
tection limits (LQD, Table 1) for each species were eyalu— city. Finally, the fifth (“Portugal + Marine”) and sixth (“Ma-
ated on the basis of the method described by Drewnick efjnem category include marine influenced air masses with the
al. (2009). They are defined as difference that “Portugal + Marine” trajectories also passed
Portugal. For each air mass type aerosol as well as gas phase
and meteorological parameters were analyzed separately. In
total, 63 % of the measured data were considered in our ex-
aminations. The remaining data are associated with trajec-
tories that passed along the boundaries of the categories and
2.2 Back trajectories and air mass classification cannot reliably be associated with any of the six categories.
HYSPLIT is intended for transport processes on larger
To classify different source regions that are reflected in thespatial scales due to its relatively low grid resolution. Es-
aerosol and trace gas composition of the air arriving atpecially for lower trajectory altitudes, the model suffers

LOD =3-+2-0(1) (1)

with o (1) the standard deviation of the background signals
of the respective species.
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Fig. 2. On the left side, a map of the Iberian Peninsula is shown including 48 h backwards trajectories calculated for every 2h using
HYSPLIT. The zoom-in at the right shows the transport direction of the classified air mass types at the measurement site. 6 air mass
categories corresponding to different source regions were separated: “Seville” (purple), “Continental” (green), “Portugal + Huelva” (red),
“Marine + Huelva” (orange), “Portugal + Marine” (light blue), “Marine” (blue).

from severe limitations. Therefore, under the influence of s S o e
mesoscale processes, HYSPLIT is not able to reproduce log 30 E‘
cal meteorology adequately. However, during the DOMINO £ 2o e
campaign synoptic conditions dominated also regional transs 2
port which can therefore be reproduced sufficiently accurateS =
down to the lower boundary layer by HYSPLIT calculations € **
()

as was shown by thorough sensitivity analyses and compais NEESE==

ison to measurement data (J. A. Adame Carnero, person:g ! = ,
. . = 50 1
; |
communication, 2012). o ==
As a second approach for the identification of the air mass Seville Continental P+Huelva M+Huelva P+Marine = Marine

or_lgln, _Iocal meteorology was used and measured "?‘t _the S.an]fig. 3. Comparison of wind directions associated with the classified
p!lng site. Here the Who-le measureq dat.a se-t was d_'V'ded Ir]t%ir mass categories (HYSPLIT) with wind direction ranges used for
different SeCt0r$ accord_'ng FO the W'nd_d'recuon registered pythe identification of the three sectors. The wind directions associ-
the meteorological station in 10m height. In order to avoid 4teq with the HYSPLIT air mass categories are presented as box
associating stagnant air masses with potential contaminatiopjots (blue marker: mean, box: 25-75% percentiles with median,
from local sources with individual source sectors, all datawhiskers: 5% and 95 % percentiles) while the wind direction ranges
measured during times with wind speeds below 1 sere are shown as grey shaded area.

not used for further processing. Hereafter, 3 different source

regions associated with individual wind directions were iden-iyns of the “Portugal + Marine” air masses are not located

tified, called “Continental”, “Urban” and “Marine”. within any of the wind direction ranges, because this air mass

In Fig. 3 locally measured wind direction data were com- type could not be separated using the wind direction method,
pared for both classification methods. The three differ-since a gap had to be selected between land (Huelva) and
ent wind direction ranges of the “Continental” (340-110 marine influenced air masses. For the “Portugal + Huelva”
“Urban” (285-330) and “Marine” (140-26%) sectors are and “Marine + Huelva” air mass categories the directions of
shown as grey shaded areas. Red colored box plots reflethe trajectories differ slightly but systematically from locally
the local wind directions measured during the arrival timesmeasured wind directions, because registered wind direc-
of the back trajectories associated with various air mass cattions are influenced by the land-sea-circulation. This effect
egories. For the “Seville”, “Continental”, “Marine + Huelva” results in wind directions measured at the site, which was lo-
and “Marine” air mass categories, the measured wind direccated directly at the shore, oriented further south — compared
tions agree quite well with the wind sectors associated withto the direction of the trajectories — during daytime while
the same source regions. Contrary, measured wind direcduring the night they are rotated more towards the north.

Atmos. Chem. Phys., 12, 3763782 2012 www.atmos-chem-phys.net/12/3761/2012/
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Fig. 4. Time series of several parameters (wind direction (red), number (grey) apdrRals (brown) concentrations, black carbon (black),

ozone (blue), sulfur dioxide (SQblack), nitrogen oxide (NQ red), AMS species (organics (green), sulfate (red), nitrate (blue), ammonium
(orange), chloride (purple), OOAI (purple), OOAII (salmon), WBOA (brown), HOA (grey)) measured during the DOMINO campaign and
discussed in the paper. The classified air mass categories are indicated as shaded areas behind the traces (“Seville” (purple), “Continenta
(green), “Portugal + Huelva” (red), “Marine + Huelva” (orange), “Portugal + Marine” (light blue), “Marine” (blue)).

In summary, the classification of air mass types made ortime intervals and only on a single day. Therefore, for this
the basis of back trajectories is more robust than that basedir mass category, influx from other source regions by re-
on wind directions. HYSPLIT enables a more exact appor-circulation of air masses in varying wind fields cannot be ex-
tionment of air masses as it considers not only local condi-cluded, even though the back trajectories do not show any
tions but also regional and long-range transport influencesevidence for this effect. The “Seville” category was mea-
However, both methods of associating measurement data teured during two approximately half-day long periods on two
source regions provide similar results when regarding bothdifferent days. Significant differences in the measured pa-
“Huelva’-related air mass categories as “Urban” and therameters have been found for the two time intervals because
“Seville” and “Continental” air mass categories as “Conti- different phases of new particle formation events have been
nental”. Although very similar results are obtained with both probed during these times. However, even though mixing
methods, the use of HYSPLIT to identify air masses gives thewith “Continental” air masses is likely, the increased con-
possibility to separate the data into additional air mass typegentrations measured during these two periods, compared to
that cannot be identified on the basis of wind directions alonetypical “Continental” concentrations, suggest that actual air
(e.g. “Seville™). masses that at least partially passed Seville have been probed
In Fig. 4 time series for several of the measured parame-here' _Generally both Mar!ne per_|ods show very similar
ters that are discussed below are shown for the whole cameVelution of the measured time series, characterized by low

paign. The time intervals associated with the classified airconcentratlons over extended time intervals. During the early

mass categories are indicated as shaded areas in diﬁereﬂp‘:‘se IOf tf:enf:r?t rperlodl, dlr;crea;]s?: dicortlic?]ntr?trlon?r ofls:im:]e
colors. As shown in this figure, for the “Continental”, “Ma- aerosol parameters could be a cation of re-circuiatio

. " « S . of continentally influenced air masses. However, also shi
rine + Huelva” and "Portugal + Marine” air mass categories emissions cou)I/d be the cause of these elevated concentrpa
the air mass origin persisted over relatively long periods on

several days. Therefore, the influx from other source regionions' Land-sea breeze has been identified to slightly twist

into these air masses is very unlikely. On the other hand, th c;}cally mﬁiisureHd Vv\cn\? (rjlrittacuo;s )[Nhenn?w:s El)owmgﬁailostglz
“Portugal + Huelva” category was registered only for short € coastiine. However, 1is eflect seems 10 be suticiently
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Table 2. Averaged submicron mass concentrations and fractions of totaf@\he common HR-ToF-AMS species and black carbon within
the categorized air masses. For each category the total time of measurements is listed that are used for the evaluation. For each specie
standard deviations are listed as an estimate for the inner-category variability.

Seville Continental P + Huelva M + Huelva P+ Marine Marine
26h 60h 11h 75h 59h 26h
AMS-Org  pgnr3 32422 25+17 42+15 18+1.3 0.78+0.63 046+ 0.42
% 58 64 61 45 46 27
AMS-SO;  ug 3 0.884+0.29 049+0.27 062+0.33 114+0.81 050+0.44 091+0.43
% 16 13 9.0 28 29 54
AMS-NH; pgm—3  0.35+0.12 022+0.11 045+0.38 043+0.33 017+0.15  015+0.089
% 6.4 5.6 6.5 11 10 8.8
AMS-NO3 g 3 0.46+0.22 029+0.18 088+0.50 038+0.36 00944+ 0.078 Q080+ 0.054
% 8.4 7.4 13 9.5 5.5 4.7
AMS-Chl pugn3  0.020+£0.020 Q016+0.047 025+055 00624+0.060 0023+0.027 Q0022+0.024
% 0.36 0.41 3.6 1.6 1.4 13
BC Mg nr3 0.544+0.43 035+0.24 05+0.14 029+0.23 017+£0.17 00504 0.082
% 9.8 9.0 7.2 7.3 10 29
Total Conc. pg m3 55+33 39+26 6.9+ 3.4 40+3.1 17£15 17+£11
TEOM Conc. ug 3 4.4+28 33+25 6.4+ 3.6 42+28 21+14 22+14
small to prevent significant mixing of marine and continen- Seville Continental P+Huelva
tally influenced air masses in the identified source categories, ,,, '% i
As also shown in Fig. 4, the highest concentrations observe( %
on 28 November 2011 were not considered in the study dut
to an air mass change occurring during this time. Trajectories = Organic
for this time period show a complex path and a trend, mov- = Sulfate
ing further to the West from hour to hour. Therefore, they 5.5 pgm? 3.9 ugm? Ammonium
were not classified into one of the categories. A more in- ) ) = Nitrate
M+Huelva P+Marine Marine = Chloride

depth analysis of the influence of topography and transpor

height on trajectory calculations was performed by scientists = BC
of INTA (National Institute for Aerospace Technology) and = OOAI
will be published elsewhere. OOAIl
= HOA
= WBOA
4.0 uygm3 1.7 ygm3 = Residuum

3 Results
Fig. 5. Pie charts of the submicron aerosol composition of thg PM
for each air mass type consisting of organics (green), sulfate (red),
ammonium (orange), nitrate (blue), chloride (purple) and black car-
bon (black). Organic material was further separated into OOA |
(dark purple), OOA II (salmon), HOA (grey) and WBOA (brown)
The chemical composition of the submicron aerosol, di-using PMF. The residuum (light blue) cannot be associated with any
vided into the most common AMS species (organics, sul-of these sources or components.

fate, nitrate, ammonium, chloride) and black carbon (BC)

is presented for each of the air masses in Table 2 and in o o )

trations are defined as the sum of all AMS and BC massthe trend is clearly evident. Despite the large variability
concentrations. The lowest average PMass concentra- within each Category, the values for the air from the Atlantic
tion was found in air masses transported over the Atlanticocean largely differ from those of the other two categories.
Ocean (1.Z£1.1ugnT3) (see Table 2). This value was Regarding the whole campaign, total PBlverage mass con-
about two to four times lower than the values recorded incentrations were 4. 2.5 ugn while black carbon con-
air masses of “Continental” (3:82.6 ugnt3) and urban  tributes 7.9% (0.32 g ) to this value.

(“Huelva’/"Seville”, 4.0+3.1 and 6.9 3.4ugnt3) ori-

gins. Even though the difference in RMoncentrations are

3.1 Aerosol composition of selected air mass categories

3.1.1 PM concentrations
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3.1.2 Particulate organics dalusian region showed higher average nitrate values in sta-
tions with a high traffic influence (de la Rosa et al., 2010).
Firstly, we note that the organics, sulfate and nitrate NR-PM However, ammonium nitrate is volatile and reacts quickly
(non-refractory particulate matter wilty, < 1 um) aerosol during transport (Takami et al., 2005). The large variabil-
concentrations show the most significant levels and also théy of concentrations within the air mass categories is caused
most contrasting variations dependent on air mass originby the different kinds of emissions from short distances and
Therefore, they largely determine the chemical character othanging wind directions.
the aerosol. The highest organic matter fraction (64 %) was
measured in the “Continental” air mass category. Biogenic3.1.5 Particulate ammonium
precursor emissions in addition to emissions from frequent ) ) ) ) ) ) )
biomass burning activities originating from the surrounding AS & major fraction of total inorganic species, nitrate is fol-
pine and eucalyptus forests and the agricultural fields werd®Wed by ammonium in all air mass types except both “"Ma-
transported downwind towards the coastal measurement sitdN€” categories where even less nitrate than ammonium was
and generate secondary organic aerosol mass. In additioRPServed. Nevertheless, ammonium precursor sources in the
anthropogenic sources also result in the generation of organi’arine boundary layer (Jickells et al., 2003) are not suffi-
particulate matter. While the consistently high organic con-Ci€ntly abundant to neutralize the present sulfate. For the
tent is the dominant fraction in all air masses that passed th€ontinentally influenced air masses instead, sources of am-
continent, in the “Marine” category sulfate plays the major Monium mclu_de agricultural activities, manures, biomass
role. To distinguish between different types of organics andPurning or soils (Bouwman et al., 1997; Hock et al., 2008).
to gain further insights into sources and processes aﬁectinJhe fertilizer production industries in Huelva (Perez-Lopez

the organic composition results of a factor analysis study ar&t al-» 2010) provide an increased delivery of ammonia (Car-
presented in Sect. 3.4. retero et al., 2005) resulting in highest ammonium concentra-

tions in “Portugal + Huelva” (0.45 0.38 pg n3) and “Ma-

3.1.3 Non-sea-salt particulate sulfate rine + Huelva” (0.43k 0.33 pg nT®) air masses.

. : . 3.1.6 Particulate chloride
Generally, sulfate is a more regionally influenced compo-
nent. While in “Continental” influenced air masses 13% 1o measured chloride content is in the order of 0.4 to

3 . “ w o
‘(‘0'49,1 0.27 g m ) of PMy consists of “sulfate”, in theo 3.6 % within all air masses. However, average chloride val-
Marine + Huelva” air mass category a fraction of 28% ;65 are not dominant in the “Marine” air mass categories

3 . .

(1.1+0.81 ugnT*) was registered. In the marine boundary o4 the ToF-AMS cannot measure sea salt (sodium chloride)

layer (MBL) sulfur compounds are quite common (Charlson, it significant efficiency (Zorn et al., 2008). In contrast,

etal., 1987; Zorn et al., 2008) as the ocean is a large sourcgqp, “Portugal + Huelva” (3.6 %: 0.250.55ugnm3) and

for atmospheric sulfur (Barnes et al., 2006). In addition, «\5rine + Huelva” (1.6% 0.062:b.060 ug nT3) air masses

shipping emissions of marine transport in the Strait of Gibral- 56 influenced by industrial emissions (e.g. organic chlo-

tar play an important role as reported by Pey et al. (2008)jqe gpecies) likely responsible for up to nine times en-

Therefore, _sulfate is the most abundant species of the Ma‘hanced PM chloride concentrations compared to “Continen-

rine” submicron non-refractory aerosol with a fraction of » (0.41%; 0.016+0.047 ugnm3) air mass types. Low-

54% (0.91£0.43pgm™). The “sulfate” aerosol is further  oq; chioride values were registered in the “Seville” cate-

pharacterlzed (see Sect. 3._3) by analyzmg the acidity S'nC%ory (0.36 %, 0.026-0.020 ugnT3). Since the measured

it affects aer'osol hygroscopic growth, toxicity and heteroge'chloride concentrations are either below the detection limit

neous reactions (Sun et al., 2010). (0.02pugnT3) or the resulting mass concentrations show
large variability, we cannot identify clear differences within

3.1.4 Particulate nitrate the individual source categories for this species.

As a result of a wide variety of industrial and traffic emis- 3.1.7 Black carbon

sion sources located in Huelva, nitrate formed by pho-

tochemical oxidation of nitrous oxides is the major inor- The influence of air mass histories is also evident in average
ganic fraction of the aerosol composition in the “Portu- black carbon (BC) mass concentrations. Enhanced average
gal + Huelva” (13 %, 0.8& 0.50 pug nT3) air mass category. BC fractions were measured in polluted Huelva (7 %) and
While in “Marine + Huelva” (9.5%, 0.38:0.36 ygmt3)and ~ “Continental” (9 %) air masses (see Table 2) while lowest
“Seville” (8.4 %, 0.46+ 0.22 pg nT3) air masses nitrate oc- BC mass fractions occur in the “Marine” (3 %) influenced
curs as second most abundant inorganic fraction. It is wellair mass category, being typically below the detection limit
known that nitrate is a major content in fine particles from (0.1 ug nr3). Therefore, an air mass history change leads to
cities, urban and industrial regions (Takami et al., 2005). Ina change in measured BC mass concentrations at the site as
addition, source apportionment studies conducted in the Anwell.
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compared to the group of “Seville”, “Portugal + Huelva” and

“Marine” air masses: the ratios of particle number to particle

| mass concentration bar heights in Fig. 6 differ significantly

[ ) -8 between these two groups of air masses. While the brown
colored bars corresponding to RMhass concentrations re-
ferred to the grey ones representing number concentrations

- -

E [l L

Wil .

ﬁ , , érﬁéé@ 0 are approximately four times as high for the “Marine” cat-

Seville ContinentalP+Huelva‘M+Huera‘P+Marine Marine egory and 2 times as hlgh for “Seville”, almost the same
Fig. 6. Averaged particle number (grey) and mass (brown) concen-bar helghts We.re obtained for t_he “Continental” and “Portu-
trations for the individual air mass categories. While hatched brownd@! + Marine” air mass categories. The presence of freshly
bars represent averaged submicronRivass concentrations deter- Produced aerosol originating from nearby particle sources
mined by adding HR-ToF-AMS species and black carbon concenin “Marine + Huelva” air mass types affect both physical
trations, brown filled bars show PMnass concentrations measured aerosol concentrations in a way that large particle number
using the TEOM. Standard deviations show the variability for the concentrations associated with lower aerosol mass concen-
mentioned parameters within each air mass category. trations were measured, compared to the other air mass types.
On the other hand, the aging of the aerosol during regional
transport of urban emissions, like it is the case for “Seville”
3.1.8 Aerosol mass concentrations or aged “Marine” aerosol, is expressed in lower number
but enhanced particle mass concentrations. Due to the fact
Figure 6 illustrates the dependence of average mass conhat “Marine + Huelva” air mass trajectories extend over the
centrations measured with the TEOM (filled brown) and whole area of Huelva city compared to “Portugal + Huelva”,
AMS+MAAP (hatched brown) in PM as well as aver- crossing mainly the north of the city, related concentrations
aged aerosol number concentrations (CPC, grey) on air magsehave differently. Typically, the relation of the particle mass
types. Although both mass concentrations are characterand number concentration shows low correlation (Buonanno
ized by large variability (in terms of standard deviations), et al., 2010). Similar information is provided by the follow-
it is obvious that for all marine influenced source regionsing particle size distributions with additional details.
TEOM slightly exceeds AMS+MAAP mass concentrations.
This is likely due to sea spray which is the major source3.2 Variability of particle size distributions
of particulate matter within the marine boundary layer,
consisting of sodium chloride aerosol particles (Warneck,Figure 7 shows the size distributions of averaged number,
1988), which cannot be measured efficiently with the AMS. surface and volume concentrations measured for the different
For the “Seville”, “Continental” and “Portugal + Huelva” air air mass categories using the FMPS (a) and the OPC (b). The
mass categories AMS+MAAP concentrations are larger tharFMPS covers the particle size range 7-523 nm (a), whereas
TEOM mass concentrations. This could be due to volatilethe OPC particle size range is from 320 nm until 32 pum (b).
substances that are potentially not completely registered usthe FMPS registers the mobility diameter of the aerosol par-
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E E TEOM L 12
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ing the TEOM. ticles while the OPC measures the optical particle diameter.
Since the optical properties of the measured particles are not
3.1.9 Particle number concentrations known well enough, no attempt was made to convert these

different particle diameters into a common type of particle
The number concentration levels within the “Continental”, diameter. Therefore, both size distributions are shown in sep-
“Marine + Huelva”, “Portugal + Marine” and “Marine” air arate panels and each mode will be discussed separately.
mass categories show significant variability, reflected in large Aging of aerosol particles is often associated with coagu-
standard deviations. For the first two of these source sectorktion of small particles with each other or onto larger pre-
the large variability is caused by the frequent occurrence ofexisting particles, and with condensational growth of vapors
particle nucleation events. For the “Portugal + Marine” cat- onto available particle surfaces; resulting in an increase of
egory particle nucleation is also possible, however, we carparticle size with time, in a decrease of number concentra-
neither clearly identify nor exclude such events unambigu-tions and in a change of the particle composition as well. Un-
ously. Another potential cause is the inhomogeneous mix-der the condition that particles are larger than 40 nm several
ture of polluted continental air with clean marine air, and for hours after particle formation started, e.g. during the growth
the “Marine” category the generally low values are associ-phase of a nucleation event, changes in particle composition
ated with significant variability, potentially caused by indi- can be investigated using the AMS. However, this topic will
vidual ship emission plumes. Despite the strong variationsoe the focus of a future publication.
in number concentrations, a general trend is clearly visible Within the measured FMPS mobility diameter size range,
and major differences occur between the group of “Continen-modes in the averaged number distributions were found
tal”, “Marine + Huelva” and “Portugal + Marine” air masses in the nuclei mode nearly without exception within all
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Fig. 7. Averaged particle size distributions in the size range of 7 nm until 32 um for all air mass types using thg&MR& OPC(b)

data. The FMPS registers particle diameters in a size range of 7-52Bagp)(while the OPC covers the particle size range 320 nm until

32um (Dopy. Dotted lines in the number distribution show averaged concentrations without considering new particle formation events for
the “Marine + Huelva” and the “Continental” categories. The observed discrepancies could be due to the fact that both instruments base on
different measurement methods and both reach their limits regarding the smallest and largest channels.

continental and Huelva influenced air mass categoriestions and in a fronting of the particle surface area distribution
FMPS number size distributions are clearly influenced byas well.

frequently occurring particle formation events within these  The volume size distributions measured primarily using
air mass categories. This impact is shown in Fig. 7a usinghe OPC (Fig. 7b) show interesting features in the coarse
solid and dotted lines of the same color for data where allmode up to 2um optical particle diameter. Volume con-
measurements are considered or where nucleation periodsentrations of all marine influenced air masses are higher
are excluded for the “Continental” and “Marine + Huelva” than those originating from “Continental” or urban source
air mass categories. For the “Portugal + Marine” categoryregions. While the averaged volume size distributions for
we also measured a mode around 10 nm but we can neitheMarine” and “Portugal + Marine” air masses both have
identify nor exclude unambiguously new particle formation their maxima at 5.7 pm and also a similar shape, the “Ma-
events for this source category. The significant urban polrine + Huelva” size distribution is clearly shifted towards
lution in Huelva causes the highest particle number concentarger diameters and therefore has its dominant mode around
trations for “Portugal + Huelva” including particles in a wide 10 pm. The major particle source in marine enviroments is
size range with a mode diameter around 30 nm. In Huelvasea spray therefore sodium chloride particles contribute sig-
related air masses, new particles are also formed by nuclenificantly to the volume size distributions in “Marine” and
ation. In addition, industrial exhaust gases condense ontePortugal + Marine” air masses. The “Marine + Huelva” size
pre-existing particles. Nevertheless, as new particle formadistribution is affected by both, sea salt particles and parti-
tion will be dealt within a future paper, we will not go further cles originating from Huelva’s industries. “Continental” and
into details here. For the “Marine” air mass category, the“Seville” categories have nearly the same volume concentra-
monomodal number size distribution with low total number tions and shape, but compared to all marine influenced air
concentrations indicates processed aerosol. masses they are shifted towards larger optical particle sizes.

The surface area size distributions (Fig. 7) with accu-
mulation mode diameters around 150nm have a similar3.3 Variation of the acidity of the submicron aerosol
monomodal shape for each category except for the “Portu-
gal + Huelva” air masses which are five times as high as thos@he aerosol variability between different air mass types was
from “Marine” air mass types. The extreme urban pollu- further characterized by analyzing the contributors that in-
tion in Huelva with maximum number concentrations in the fluence the aerosols’ acidity, since it has an important im-
30 nm size range result in maximum surface area concentrggact on both, aerosol hygroscopic growth, toxicity as well as
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Fig. 8. Correlations illustrating the difference of the ion balafagdependent on the air mass origin. The scatter (ipserves for the
identification of the sulfur species ammonium sulfate (\#$50Oy), ammonium bisulfate (NHSCOy) and sulfuric acid (HHSOy) within the
different aerosols. Points represent 2 min average values.

heterogeneous reactions (Sun et al., 2010). In this context weiency (Zorn et al., 2008). For this reason we assume mea-
examined the relative abundance of the inorganic ToF-AMSsured chloride is mostly present as ammonium chloride if it
species sulfate, ammonium and nitrate in the submicron PM is neutralized, hence, it is included in the calculations of the
aerosol, particularly with regard to the differences in the ionion balance. Regarding all air mass categories the averaged
balance in dependence of the air mass types. equivalent ratio is larger than one (see Fig. 8a), indicating
that the aerosol at the measurement site was generally rather

A scatter plot of the sum of molar sulfate, nitrate and acidic

chloride versus molar ammonium is shown in Fig. 8a to il-

lustrate the degree of neutralization for the individual air Another focus was put on speciation of sulfur compounds
mass classes. Sulfate was multiplied by a factor of 2 toexpected to be found in the aerosol from the different source
reﬂect the mo'ar ratio of Su'fate versus ammonium in am_regions. Wh|le preViOUS StudieS in PIttSburgh |dent|f|ed aSUI'
monium sulfate. The black line (1:1) indicates fully neu- fur mixture of ammonium sulfate ((NH2SQ4), ammonium
tralized aerosol. Data points below this line are associ-bisulfate (NF4HSOy) and also small amounts of sulfuric acid
ated with alkaline aerosol, as ammonium concentrations aréH2SQs) (Zhang et al., 2007), Zorn et al. (2008) included
higher than needed to neutralize the anions while points |y|ndhe identification and quantiﬁcation of methanesulfonic acid
above this line are associated with acidic aerosol. For mostMSA) in the analysis, which can be found ubiquitously in
of the points, primarily in “Seville”, “Continental”, “Ma- marine environments. Figure 8b shows a scatter plot of acid-
rine + Huelva” and “Portugal + Marine” air masses, the cor- related hydrogen (H) present in the particle phase versus
relation of measured ammonium versus inorganic anions in.the molar sulfate concentration in the submicron partiCIeS.
dicates that a major fraction of PMsubmicron aerosol was The H" molar concentration was estimated by subtracting
slightly acidic for most of the time while also neutralized the ammonium (NEi) molar concentration from the molar
aerosols occur. In “Portugal + Huelva” air masses, the sum otoncentrations of the anions sulfate @Q nitrate (NQ;)

all inorganic AMS anionic compounds (sulfate, nitrate, chlo- and chloride (Ct) (Zhang et al., 2007):

ride) exceeds ammonium which implies an acidic aerosol. As

mentioned before, acidic sulfate originating from “Marine” _ _ _ _ +

air masses measured at this coastal site is due to negligibILsH+]_2' [SO; 1+ [NOZ ]+ [CI™]—[NH]. (2
contribution of ammonium in this region. As shown in the

studies of Jickells et al. (2003), ammonium sources are noThe black lines in Fig. 8b indicate the molar ratios that
very abundant in the MBL therefore particulate ammoniumwould correspond to (NlJ2SQy, NH4HSO, and HSOy,
concentrations are much smaller than the concentration nedhe dashed line agrees with 50% (NSO, and 50 %
essary for the neutralization of sulfate and nitrate (Coe et al. NH4HSOq. To quantify the various “sulfate” aerosol compo-
2006; Allan et al., 2004, 2008). Although sodium chloride is nents for the different air mass types in Table 3 the percent-
the most abundant species in the marine boundary layer, thage of ammonium sulfate ((NphSQs), ammonium bisul-
AMS only measures the NR-PMaerosol fraction and there- fate (NHyHSOy), sulfuric acid (BSOs) and methanesul-
fore does not measure sodium chloride with significant effi-fonic acid (MSA) were calculated as follows:
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Table 3. Percentage contribution of ammonium sulfate (Q¥80), ammonium bisulfate (NFHSCOy), sulfuric acid (HSOy) and
methanesulfonic acid (MSA) to the species class “sulfate” for the selected air mass categories.

ammonium ammonium sulfuric  methanesulfonic

sulfate bisulfate acid acid
% ((NHg)2S04)  (NH4HSOy)  (H2SOy) (MSA)
Seville 28 72 0 below LOD
Continental 50 50 0 below LOD
Portugal + Huelva 0 72 28 below LOD
Marine + Huelva 32 68 0 below LOD
Portugal + Marine 26 74 0 below LOD
Marine 0 74 26 1

NHj{excesSmoI) = NHI(moI)—NOsT(moI)—CI‘(mol) 3) ammonia. In comparison, “Portugal + Huelva” air masses are
SO excessmol = SC- (moh—NH* excessmol) /2 4 influenced by.nltrate precursor emission sources in Southern
4 fmo) =SQ,” (mol) 4 gmob/ “) Huelva, causing the binding of a significant fraction of the
%H,S0y=SC;~ excesgmol) /SO, totamol) - 100 ()  available ammonium. This results in an ammonium bisul-

%MSA:MSA(moI)/SOfl‘totaI(mol) .100 (6) fate (72%) to sulfuric acid (28 %) ratio that is even more

acidic than those within the “Marine” air mass category (Ta-
0, = 0, _0
/6(NH4)25Qu =100-%H, Sy —%MSA. M e 3). On the contrary, ammonia is mostly present in the ter-

The fraction of NHHSQ, for each category can be cal- restrial boundary layer hence sulfurous aerosols are mostly
culated stoichiometrically based on the molar ratios ofcomposed of ammonium bisulfate and ammonium sulfate
(NH4)2S0Oy and HSOy. in the “Seville”, “Marine + Huelva” and “Portugal + Marine”
The “sulfate” classes (Ni2S0Oy, NH4HSOy4 and bSOy air mass types. For the “Continental” air mass category the
were distinguished on the basis of the presence of the poteremmonium sulfate to ammonium bisulfate ratio is balanced.
tial counter ions as we cannot separate the different sulfatd his can also be seen in Fig. 8b based on the corresponding
species directly in our measurements. Therefore, we assundata points reflecting the 50 % (MFS0O4/50 % NHHSOy
that ammonium first reacts with nitrate and chloride in theline. Similar results were found during the OOMPH cam-
particles and chemical equilibrium exists. Likewise, excesspaign: Zorn et al. (2008) found only a minor fraction (20—
ammonium reacts with sulfate to form ammonium sulfate in 50 %) of neutralized aerosol during pristine marine domi-
an equilibrium reaction. Finally, sulfate that could not be nated periods while continentally influenced air masses are
neutralized by ammonium has to be present as ammoniumaften neutralized.
bisulfate or sulfuric acid. In Table 3 the relative contributions
of the species (NiB2SOs, NH4HSOy and SO, to total 3.4 Factor analysis of the organic aerosol using Positive
“sulfate” are presented. For calculating MSA concentrations Matrix Factorization (PMF)
the Peak Integration by Key Analyssoftware (PIKA,http:
/[cires.colorado.edu/jimenez-group/ToFAMSResourées Another major objective of this study is to identify the
Carlo et al., 2006) was used to deconvolve #hg 79 sig- main components and sources of the submicron organic
nal into three peaks: Bromine, a MSA fraction, and an or-aerosol. For this purpose positive matrix factorization (PMF)
ganic fragment (@4?) as described in Zorn et al. (2008). As (Paatero, 1997; Paatero and Tapper, 1994) was used to an-
shown in Table 3, the analysis indicates that MSA accountsalyze the AMS organics information using the evaluation
for only a minor degree (1 %) of the total “sulfate” compo- tool developed by Ulbrich et al. (2009). Results of this
nent class when “Marine” air masses arrive at the measureanalysis for the whole campaign period show four “fac-
ment site, while MSA concentrations in the other categoriestors”, representing different aerosol types that explain an av-
are below the detection limit (6 ngTd). erage of 97 % of the total organic mass and can be associ-
Unlike in the studies of Zorn et al. (2008) a major frac- ated with aerosol sources and components. Oxygenated or-
tion of the “sulfate” class in the “Marine” air mass category ganic aerosol (OOA 1) was the major component that con-
is contributed by ammonium bisulfate (74 %) while sulfuric tributes on average 43 % of the particulate organic mass dur-
acid (26 %) is the second major contributor (Fig. 8b). While ing the whole measurement period. While OOA 1, a highly-
sulfuric acid is produced from dimethyl sulfide (DMS) orig- oxygenated OA, mostly represents secondary organic aerosol
inating from phytoplankton or anaerobe bacteria (Charlson(SOA); OOA II, accounting for additional 23 % of the or-
et al., 1987) and from sulfur dioxide (S©from shipping  ganic mass, represents a less-oxygenated/processed, semi-
emissions (Zorn et al., 2008), ammonium bisulfate is the re-volatile OA (Ulbrich et al., 2009). A hydrocarbon-like or-
sult of the neutralization reaction between sulfuric acid andganic aerosol type (HOA, 16 %) as well as aerosol from
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Fig. 9. Mass spectréa), correlationgb) and diurnal variation box plot&) of OOA | (dark purple, 1), OOA Il (salmon, 2), HOA (grey, 3)

and WBOA (brown, 4) organic aerosol types. Mass spectral markers were compared to reference spectra (not shown). The four factors were
correlated with aerosol species (sulfate, nitratgé; 60 as levoglucosan tracer, black carbon), trace gases (nitrogen oxide, sulfur dioxide) and
meteorological parameters (air temperatbg) Box plots of the diurnal variation for the whole campaighshow the median, mean and

the 25/75 % percentiles. The whiskers indicate the 5/95 % interquartile span. Points in the corrdatiepsesent 2 min average values.

wood burning emissions (WBOA, 15 %) were identified in ments are enhanced as well, because their calculation was
this study by comparing the mass spectra of the PMF factorbound tom/z 44 in the analysis. Apart from this, the typ-

to measured ambient reference spedtttp(//cires.colorado. ical characteristic peaks for hydrocarbons/{ 41, 43, 55,
edu/jimenez-group/AMSsH/ 57, 69, 81, 95) exist. Therefore, we assume this factor rep-
resents a “slightly oxidized HOA'. For this reason, the HOA
reference spectrum (Zhang et al., 2005) does not correlate
very well (R? = 0.58) with our HOA spectrum. Moreover,
regarding the high resolution mass spectrandt 44, the

+
In Fig. 9a calculated average mass spectra of all four PMEC3Hg Peak (1/z 44.06) overlaps the CPpeak fn/z 43.99)
factors (OOA I, OOA II, HOA, WBOA) are shown. Sig- and could not be separated with the AMS as the mass res-

nificant mass fragments for highly-aged OOA | (Fig. 9a/1) olution was too low. Therefore, this could also be a reason
arem/z 18, 27, 41, 43, 44, 55, 69 while marker péaks at for the enhanceh /z 44 signal which is not associated with

m/z 27, 29, 41, 43, 55, 67, 79 are characteristic for OOA oxidized organic aerosol. In addition a spectral pattern was
Il (Fig. ,9a/é). Both factors correlate well with reference d€termined in the fourth factor in this study which is similar
spectra shown in Lanz et al. (20078%= 0.96 for OOA to the wood burning reference spectrum in Lanz et al. (2007)

I; R?2=0.90 for OOA Il). Unlike in the studies of Lanz et (R?=0.83), containing prominent peaksayz 15, 29, 41,

al. (2007), Zhang et al. (2005) and Ulbrich et al. (2009), the>>: 60. 69,73, 91 (WBOA, Fig. 9a/4).
HOA mass spectrum found in this work (Fig. 9a/3) is dom-
inated bym/z 44 and thereforen/z 18 and 17 mass frag-

3.4.1 Comparison of mass spectra with reference
spectra
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3.4.2 Quality assurance for the mathematically al. (2009) OOA I is only weakly correlated with particulate
calculated PMF results sulfate. This might be due to the variety of types of emis-
sion sources around the measurement site. On the one hand
To validate the PMF results a variety of tests have been perthe strongly industrialized Huelva estuary or the marine cat-
formed with the data set. One of these validation exerciseggory, where sulfate plays an important role (54 % of total
concerned the weighting of particular/z. For these tests aerosol, Table 2), and on the other hand source categories
PMF has been performed using different sets of input paramwith lower sulfate abundance cause extreme changes of sul-
eters (weighting of particulan /z in the input mass spectra) fate concentrations as discussed in Sect. 3.3 with changing
and the related results have been compared to each other. Ameteorological conditions (wind directions). For this reason,
cording to these calculations the individua}z in the aver-  also the sulfur dioxide concentrations vary between 0.3 ppb
age mass spectra of the four factors (OOA I, OOA Il, HOA, in the “Marine” and 2 ppb in the “Marine + Huelva” air mass
WBOA) have an uncertainty in the order of 5 %; also the cal- category and correlate reasonably with sulfate concentrations
culated mass concentrations associated with the four factor&®? = 0.4) but not with OOA |. These variations in sulfur
have an uncertainty of approximately 5% if lowest aerosoldioxide and sulfate concentrations do not necessarily have to
mass concentrations were not considered. PMF computabe associated with changes in OOA | concentrations since
tions consider so-called “fpeak” values that allow examin- OOA | has its sources in a different set of air mass categories
ing “rotations” and “seeds” to explore additional solutions compared to sulfate.
by starting the algorithm from several pseudorandoms (Ul- According to the diurnal cycle (Fig. 9¢c/1), OOA | only
brich et al., 2009). Both variables have to be set by the useshow a weak photochemical dependence as expected, since
in the data analysis process. Since no clear rules exist whiclt reflects aged highly-oxidized OA. Contrary, the temporal
values have to be used for “fpeak” and “seeds”, this results irbehavior of OOA Il, a less aged semi-volatile organic aerosol
an additional uncertainty of the peak intensities of the massomponent, shows typical maximum concentrations at night.
spectra of 17-34 % dependent on the factor if “fpeaks” wereThis could be explained by the strong anti-correlation of the
varied, while the uncertainty varies between 2—19 % with adiurnal OOA 1l cycle with the temperature cycle (Fig. 9¢/2)
change of the “seeds”. The uncertainty of averaged massvhich could be the reason for an accumulation of oxidized
concentrations of the time series varies between 13-36 % foorganic products in the vapor phase during the day that con-
the different factors when “fpeak” is varied. For a variation dense onto the particles surfaces preferentially during the
of the “seeds” this uncertainty is in the order of 1-10 %. Gen-night (Lanz et al., 2007). AMS-nitrate is also a temperature-
erally the HOA and WBOA factors have a larger uncertainty sensitive species correlating reasonably well with OOA Il
than OOA | and OOA 1. After several tests were conducted (R? = 0.5, Fig. 9b/2).
with PMF, we decided to take the four factor solution using As observed in many previous studies (Lanz et al., 2007;
“fpeak” and “seed” values of zero. However, it has to be Zhang et al., 2005), prominent features of the HOA diurnal
noted that these factors are subjectively selected and result ipatterns around 08:00-13:00 UTC and 20:00 UTC (Fig. 9c/3)
the uncertainties in both the mass spectra and average masssult from morning and evening rush-hours and other human
concentrations described above. Additionally, the instrumentactivities. The HOA time series is correlated with the pri-
uncertainty of the AMS (25-30 %) has also to be taken intomary emission tracer black carboR{= 0.6) but not with
account. NOx (R? = 0.2). NOy is formed by oxidation of nitrogen in
By adding an additional fifth factor in the PMF analysis combustion engines at high temperatures and is also emitted
a meaningless factor appears as a consequence of “splittinddy industrial sources and biomass burning. Hence, as men-
one of the previous factors like also described in the studtioned by Lanz et al. (2007), NOs not only a marker for
ies of Sun et al. (2010). Therefore, this factor did not im- traffic emissions and HOA should not be regarded as pure
prove the PMF results. To assure the best possible PMF so¢ehicle exhaust marker, likely resulting in the relatively poor
lution the factors were further tested, not only on the basis ofcorrelation observed between these species.
the mass spectral (MS) signature but also correlations of the The WBOA temporal evolution was correlated with AMS
OOA |, OOA II, HOA and WBOA mass concentration time m/z 60, which is typically associated with Levoglucosan
series (see Fig. 9b), with those of other measured aerosdnown as a major molecular marker for fine particulate wood
species, trace gases and meteorological parameters were aid biomass burning emissions (Alfarra et al., 2007; Schnei-

complished. der et al., 2006). Figure 9b/4 shows the temporal behav-
ior of both mass concentrations which are correlated well

3.4.3 Diurnal cycles and correlations of particulate (R?=0.9), supporting the identification of this factor. The
organics with aerosol and gas phase species WBOA diurnal pattern shows increased concentrations dur-

ing the night until the late morning which decrease after-
In Fig. 9b/1 the sulfate mass concentrations are correlatesvards, likely due to a combination of domestic heating and
with those of the PMF OOA 1 factor. Unlike in the stud- boundary layer height cycles. However, WBOA concentra-
ies of Lanz et al. (2007), Zhang et al. (2005) and Ulbrich ettions are more dominant in the evening (Fig. 9¢/4) similar to
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studies carried out in Zurich (Lanz et al., 2008). Maximum in all continentally influenced air mass categories were mea-
average values of the WBOA diurnal pattern at night proba-sured.

bly result from domestic heating. Comparing the results for

the different source regions the characteristic daily cycles of3.-5 Meteorological conditions and ozone variability

the four factors resemble each other, because independent of .
n order to evaluate ozone behavior it is necessary to under-

the source strengths in the individual air mass categories, ef! - X X

fects like boundary layer height or temperature cycle, affectStand the conc_imons and processes like the regional _tranqurt

all air mass categories in the same way. of ozone and its precursors, as well as, meteorological vari-
ables that have a significant influence on ozone production.
To study the impact of meteorological conditions on ozone

3.4.4 Particulate organics in the different air mass types  variability at the measurement site, wind speed and direction,

temperature and relative humidity data were analyzed. The

As discussed in Sect. 3.1 Fig. 5 depicts the average Cc,mr_neasured temperatures exhibit a characteristic diurnal cycle
position of NR-PM that belongs to the individual air mass S €xpected (Fig. 10a) for the El Arenosillo location. The
categories. Here the total organic signal frames the aver®Z0N Mixing ratio is strongly associated with wind speed and
age mass fractions of each of the OA components (OOA | direction as these meteorological parameters affect the trans-

OOA II, HOA, WBOA) as well as the residuum in the green port and dispersion of ozone and its precursors (Adame et al.,
pie. The fractional contribution of the four components dif- 2010). As indicated in Fig. 1, the wind blew mainly from the

fers dependent on the air mass category. Nevertheless |0V\;i_rst, third and fourth quadrant and therefore air masses from
volatile OOA I can be found in each air mass type as’theContinental Europe and from the Atlantic Ocean arrive at the

major submicron aerosol fraction besides all marine inﬂu-meas_urernent station. . . ., .
enced air masses where sulfate plays the most important role USINg only the data from the "Continental” source region,
(Sect. 3.3). Referred to the OA fraction OOA I is approx- We found a general characteristic daily ozone cycle in “El
imately in the same order (35% in “Portugal + Marine” up Arenosillo” that mainly follows this scheme (Fig. 10a):

to 49% in “Continental”) in all air mass categories. The  _ |n the early morning hours minimum ozone levels exist
less aged OOA Il component appears as second most abun-  around 07:00 UTC until 0zon mixing ratios increase as
dant fraction of the OA in all air mass types with a contri- photochemical reactions begin.

bution of approximately 25 % beside the “Marine” category

that has a lower OOA Il fraction of 13%. Over marine envi- — Then, the ozone levels follow the intensity of the solar

ronments particle aging is a characteristic feature (Topping et~ radiation with a delay of approximately 3h. Maximum
al., 2004), resulting in a more oxygenated and a less volatile =~ 0z0n mixing ratios occur at approximately 15:00 UTC.
aerosol. In contrast, in continentally influenced air masses
typically freshly produced biogenic and anthropogenic or-
ganic material exists, resulting in OOA Il aerosol after photo-
chemical processing. HOA concentrations are expected to be
most prominent downwind of the urban city Huelva, however
HOA aerosol undergoes rapid losses due to oxidation while
it is transported (Zhang et al., 2007). Like in the studies of
Zhang et al. (2007), we also found OOA concentrations sim-
ilar or even enriched when the air was transported downwind This general pattern agrees with previous findings at
of urban areas, likely due to condensation of vapors onto theoastal sites in the Southwest of the Iberian Peninsula in El
pre-existing particles and oxidation of HOA, respectively. Arenosillo (Adame et al., 2010a, b).

In contrast to all other air mass types, the “Marine” cate- To study both, the diurnal variability of ozone and its as-
gory contained HOA as the second most abundant organisociation with various air masses, we display wind roses of
aerosol component (25 % of total OA) potentially originating ozon mixing ratios (showing the wind direction and speed
from shipping emissions. In “Portugal + Huelva” air massesdependence) around its concentration maximum (12:00-
WBOA levels are more prominent and exceed HOA which is 16:00 UTC) and at night (21:00-06:00 UTC) in Fig. 10b
likewise the case for the city Zurich (Lanz et al., 2008). Due and c. The variability of ozone at this coastal measurement
to the beginning of the winter season in the south of Spainsite depends both, on meteorological conditions (diurnal cy-
with cooler temperatures and rain, domestic heating is an imele of solar radiation and temperature) as well as on the
portant contributor to this aerosol type as people heat usingransport of air masses with ozone precursors originating
wood. This becomes apparent in increased WBOA concenfrom different source regions. Maximum ozon mixing ra-
trations especially in the evenings. In addition, as the meatios (47 nmol mot?) were reached in the afternoon around
surement site is surrounded by pines and eucalyptus forests5:00 UTC with largest levels in air masses coming from
with agricultural activity WBOA average values around 7 % NE where ozone precursor substances (likexNOO and

— When the solar radiation intensity decreases ozone lev-
els also decrease and reach the lowest values at night
(around 23:00 UTC) when the night inversion layer is
present. Low nocturnal ozon mixing ratios are caused
by the absence of ozone generation associated with in-
situ destruction of ozone, titration by NO and dry depo-
sition (Adame et al., 2010).
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completely. Therefore ozon mixing ratios for this air mass
type are low and vary between 36 nmol mblat noon and

16 nmolmot! at night. Compared to all the other diurnal
cycles discussed before, the ozone pattern is quite different in
the “Marine” category (SW) where about 40 nmol mbbc-

cur late at night (13:00 UTC). Interestingly, almost the same
concentrations were measured during afternoon. We assume
that no ozone destroying substances are available over ma-
rine environments.

-1

Ozone / nmol mol

wind speed /m's 0
8

3.6 Inner- and inter-category variability

S
& & 8
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The variability of particulate and trace gas concentrations
and composition within the individual air mass categories has
also been determined. This allows comparing the observed
differences between air mass categories (inter-category vari-
ability) with the variability of the same parameters within the
individual air masses (inner-category variability). The inner-
Fig. 10. Summary of the ozone variability at the measurement Category variability was determined as the relative standard
site. A general characteristic evolution of the daily ozone cycle for deviation of the concentration values associated with the air
“El Arenosillo” using the “Continental” air mass category data is mass in question. On the contrary, the inter-category vari-
presented irfa). The temperature was measured using a meteoro-ability was calculated as the relative standard deviation of
logical station while solar radiation values are just for illustration. the average concentrations of all air mass categories.
While ozone levels follow the solar radiation with a delay of ap-  Generally, for most of the species the inner-category vari-
proximately 3, a delay of 2h was registered relatively to the tem-gpjjity i Jarger than the inter-category variability. While for
perature trends. Wind roses (speed and direction) colored by thgg, ora| narameters like organic aerosol concentrations (Ta-
0zon mixing ratio at early afternoon (12:00-16:00 UT@) and at S -

ble 2) or ozone both types of variability are very similar,

night (21:00-06:00 UTClc) show that the ozone levels depend not v f . | diff b db h
only on the diurnal solar radiation cycle, but also on air mass originon y Tor nitrate larger differences are observed between the

associated with different precursor concentrations and compositiondifférent air masses than within the individual air masses
(Table 2). For the ozon mixing ratios the lowest variabil-

ity was observed. While for total particle mass concentra-

tion and the concentrations of most of the secondary aerosol
VOC) from Seville have sufficient time to form ozone be- components (ammonium, sulfate, nitrate, OOA 1) medium
fore arriving at the measurement site. During the noctur-inner-category variability levels were observed, the largest
nal period, lowest ozon mixing ratios with values of about variation in aerosol parameters was observed for the parti-
23 nmol mol! were measured for this wind direction. A cle number concentrations as well as for the concentrations
similar behavior but with smaller amplitude of the diurnal of black carbon, semi-volatile OOA (OOA II) and biomass-
cycle is observed in “Continental” air masses. Due to theburning related organic aerosol (WBOA). As an example,
low number of data points from the “Seville” air mass cat- Fig. 11 shows the time series of the particle number con-
egory, the associated diurnal cycle is not well representedcentration data for three different air masses (“Continental”,
Therefore, we show the diurnal cycle of the “Continental“ “Marine + Huelva”, “Marine). Standard deviations of the
air mass category in Fig. 10a. This source region is nothumber concentrations represent the inner-category variabil-
as strongly affected by the transport of industrial and traf-ity and show the large variations within the individual air
fic emissions therefore midday ozon mixing ratios are lowermass categories, which exceed the differences between the
(39 nmolmot1) compared to “Seville” air masses. As a various average values.
consequence of the absence of solar activity at night the Significant differences from the above-mentioned general
ozon mixing ratios decrease to 25nmol mbl Ozon mix-  trends have been observed for several air quality parame-
ing ratios in the NW wind direction are influenced by the ters in some of the air mass categories. Extraordinary large
strong urban pollution, including different types of emis- inner-category variability for several parameters like black
sions originating from Huelva. The wide spectrum of emis- carbon, total and PMF-classified organics and particle num-
sions leads to decreased ozone levels caused by titration Hdyer and mass concentrations have been observed for the ma-
nitrogen oxides that are produced by industries and trafficrine influenced air mass categories. This is due to very
In contrast to the “Seville” category, the transport distancelow background concentrations that are interspersed with
(20 km) for “Huelva” air masses to the station is not sufficient much larger concentrations in emission plumes, e.g. from
to allow the ozone precursor substances to generate ozoriadividual ships. Contrary to this high variability, for ozone
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s - guished and associated aerosol and trace gas parameters were

120x10° —{ g e —— Continental-{-Inner-Category K

M+Huelva | Variability further characterized.

100 e — Marine &> Organics, sulfate and nitrate NR-RMerosol mass con-

80 ' i @ centrations show the most significant variations and therefore

&é ,,,,,,,, they largely determine the chemical character of the aerosol

from different source regions. While 64 % of RN “Con-

tinental” air masses consisted of organics, sulfate is the most

abundant species in the “Marine” air mass category (54 %).

L* Like in the studies of Phinney et al. (2006) who identi-

0 20 0 60 80 fied sulfuric acid to be a dominant sulfate species in the ma-
time / h rine environment, further analysis regarding the acidity show

Fig. 11. Time series of the number concentration (CPC) for _that |r.1 the "Marine” air mass type the- species cle(l)ss sulfate

three different air masses (“Continental”, “Marine + Huelva” and IS malnly composed of ammpnlum blsulfate.(74 %) anq Sy!-

“Marine”) and corresponding inner-category variability determined furic acid (26 %) as ammonium concentrations are signifi-

based on the relative standard deviations of the measured data. Cantly too low for sulfate neutralization. Similar as in the
studies of Zorn et al. (2008) we also identified MSA in ma-

rine air masses, resulting from oxidized DMS that is released
the lowest inner-category variability is observed in the “Ma- from phytoplankton. Nevertheless, it only contributes a mi-
rine” category likely due to the wide absence of sources anchor degree to the total sulfate fraction (1 %). On the contrary,
sinks. Particularly low variability was observed for inorganic ammonia is more abundant in the terrestrial than in the ma-
secondary species concentrations as well as particle numbeine boundary layer. Hence, sulfurous aerosols are mostly
concentrations in the “Seville” and partially “Continental” composed of ammonium bisulfate and ammonium sulfate in
air mass categories, likely associated with reasonably well“Continental”, “Marine + Huelva” and “Portugal + Marine”
aged and mixed aerosol and low abundance of sources in thair masses.
close vicinity of the measurement site. As aresult of a large number of industrial emission sources
and road traffic in Huelva, nitrate is the major inorganic frac-
tion of the aerosol composition in the “Portugal + Huelva”
4 Discussion and summary influenced air mass category. However, compared to a num-
ber of studies performed next to urban locations (DeCarlo
The aim of our study is to evaluate typical values and theet al., 2008; Stolzenburg and Hering, 2000; Salcedo et al.,
variability of aerosol, trace gas and meteorological parame2006), registered nitrate concentrations in this work are sub-
ters using measurements with the mobile laboratory (MoLa)stantially lower. As reported in source apportionment studies
at the interface of marine, urban and continentally influencedn the Andalusian region, higher nitrate values were observed
air masses in Southern Spain. This provides both, valuablevith increased influence of traffic (de la Rosa et al., 2010).
information about the air composition in this part of Spain As the number of registered cars in Huelva is low (Viana et
and how these parameters vary with air mass origin. To evalal., 2007), this is a possible reason why in the corresponding
uate separate air masses with differentiated continental, urair masses lower nitrate concentrations were measured.
ban and marine origin, the campaign was accomplished in The influence of air mass histories is reflected in aver-
winter. The advantage compared to summer measurementgge black carbon concentrations as well as in number and
in this region is a well-defined origin of air masses with lower volume size distributions. Air masses originating from pol-
disturbances by intensive photochemistry and recirculatioriuted Huelva and “Seville” source regions are associated with
periods, which, additionally, affect the aerosol and trace gasarger particle number concentrations and smaller particle
phenomenology and therefore contribute to a more complexizes while lowest number concentration values with larger
study scenario. particle sizes are associated with “Marine” air mass types.
To provide the best possibility of studying the variabil- By using Positive Matrix Factorization (PMF) we showed
ity of air quality parameters with varying source regions, that almost the entire organic aerosol can be categorized into
not only air mass trajectories but also local meteorologyone of the four classes OOA I, OOA II, HOA and WBOA.
measured at the sampling site was used to classify differOur measurements show that OOA | is the most abundant
ent types of air masses. Although similar results were ob-submicron aerosol fraction in those air masses (“Seville”,
tained from both methods, the classification made on basis ofContinental”, “Portugal + Huelva”) that have not been in
backwards trajectories is more conclusive compared to thatontact with marine air masses where sulfate plays a more
using wind directions measured with the meteorological staimportant role. As mentioned by Topping et al. (2004) over
tion. Consequently, using backwards trajectories six air massnarine environments particle aging is a characteristic fea-
types (“Seville”, “Continental”, “Portugal + Huelva”, “Ma- ture, thus the highly-oxygenated OOA | occurs also as major
rine + Huelva”, “Portugal + Marine”, “Marine”) were distin- organic aerosol fraction in the “Marine” category. HOA was
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found as second most abundant organic aerosol fraction in The variability within and between the categories were
this air mass type, possibly originating from ship emissions.calculated in order to compare the observed differences be-
In the “Seville”, “Continental”, “Marine + Huelva” and “Por-  tween the air mass categories with the variations within the
tugal + Marine” air mass categories, the less aged OOA Il isindividual air masses. Generally, for most of the species
the second dominant organic fraction. Although we have ex-the inner-category variability is larger than the inter-category
pected large HOA fractions in “Huelva” air mass categories,variability. Large inner-category variability for several pa-
because urban areas are typically rich of HOA sources, onlyameters such as black carbon, PMF-classified organics and
relatively low HOA levels have been observed, likely due to particle number and mass concentrations have been observed
rapid losses of HOA that can result in decreased levels alfor marine influenced air masses, likely due to the gener-
ready at locations close to the emissions (Zhang et al., 2007 ally very low background concentrations that are interspersed
In addition, as traffic emissions are low due to the low num-with much larger concentrations in emission plumes, e.g.
ber of registered cars in Huelva (Viana et al., 2007) HOA from individual ships. Nitrate concentrations instead show
concentrations are probably reduced as well. Beside OOAhe highest inner-category variability due to different kinds
I, WBOA occurs as a further dominant species in “Portu- of source regions and their characteristic emission types.
gal + Huelva” air masses likely resulting from domestic heat- Generally, for most of the species the inner-category vari-
ing. As people are using wood for heating purposes theability is larger than the inter-category variability, therefore
wood burning source strength is becoming more apparent ithe measured concentrations vary to a larger degree within
the evening and night, in agreement with our findings of thethe individual air masses than the average concentrations of
WBOA cycle. Previous studies (Lanz et al., 2007; Zhang etthe different air masses differ. Although the inner-category
al., 2005) observed prominent features of the HOA diurnalvariability is often larger than the inter-category variabil-
patterns around 08:00-13:00 UTC and 20:00 UTC from var-ity, which is calculated over the whole set of source cate-
ious anthropogenic activities. The diurnal variability of or- gories, there are significant differences between individual
ganic particle types can also be influenced by the solar radieategories for individual parameters.
ation and temperature cycle. As OOA I reflects highly-aged In summary, the variability of the air composition associ-
processed OA, it only shows a weak photochemical depenated with different source regions and distance from sources
dence. In contrast, the temporal behavior of OOA Il showsaffects the particle loading, composition, size distributions
typical maximum concentrations at night as a consequence adnd acidity as well as trace gas and meteorological param-
accumulation of oxidized organic products in the vapor phaseeters at a certain site. Additionally, the season has an im-
during day that condense onto particle surfaces at night likeportant effect on the air composition and levels. There-
mentioned by Lanz et al. (2007). fore, to provide a full characterization of the variability long-

Another main interest of our study was the investigation of time measurements are required to study the characteristics,
0zon mixing ratios that depend on the solar radiation modi-sources and processes in this part of Southern Europe where
fied by precursor concentrations, chemical and physical proseveral different influences lead to a complex study scenario.
cesses and meteorological parameters. In agreement witHowever, in the context of this study an overview of typical
previous findings at coastal sites (Adame et al., 2010a, b)air mass characteristics dependent on various source regions
a general characteristic daily ozone cycle was observed itfior this season can be obtained.
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