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Abstract. The DOMINO (Diel Oxidant Mechanisms in re- over the Seville metropolitan area and then continuing over
lation to Nitrogen Oxides) campaign was carried out fromthe Dofiana National Park; and maritime air masses com-
21 November to 8 December 2008 at the El Arenosillo sta-ing from the Atlantic Ocean. To study the chemistry in the
tion (SW of Spain) in a coastal-rural environment. The mainfour atmospheric scenarios identified, gas -phase measure-
weather conditions are analysed using local meteorologicaents of primary and secondary species such as ozone, NO,
variables, meteorological soundings and synoptic maps, ablO, and SQ, biogenic and anthropogenic VOCs (volatile
well as back trajectories of the air masses using the HYS-organic compounds) like benzene and isoprene, as well as
PLIT (Hybrid Single-Particle Lagrangian Integrated Trajec- total particle concentration and chemical composition of the
tory Model) model and a high spatial resolution of meteoro- aerosols are compared and discussed. The highest levels for
logical fields. Measurements of the main meteorological pa-total particle concentration, NO, NOSQp, benzene, Ply,
rameters were collected both from the surface and from a talPM, 5 and chemical elements such as As or Cu were found
tower. A detailed land use analysis was performed on a 80 knunder flows associated with industrial-urban emissions from
scale showing the main types of vegetation and land usethe Huelva—Portugal sector which are transported to the site
Also the main anthropogenic atmospheric emission sources before significant removal by chemical or deposition mecha-
both industrial-urban from Huelva and from the urban Seville nism can occur. The air masses from the north were affected
area — are shown. A study to identify air mass origins andmainly by crustal elements and biogenic sources, the latter
their variation with height was carried out. In this intensive being exemplified by the biogenic species such as isoprene,
campaign, air masses coming from different areas with dif-particularly in the first part of the campaign. The urban air
ferent emission sources were observed: from the NW, withfrom the Seville area, before arriving at El Arenosillo, tra-

a highly industrial-urban character; continental flows from versed the Dofiana National Park and therefore was affected
northerly directions; from the NE, with a pathway starting by industrial-urban and biogenic emissions. This aged air
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2326 J. A. Adame et al.: Meteorology during the DOMINO campaign

parcel can transport low levels of NQOtotal particle con- times depending on the type of air masses have been studied
centration and S@as well as ozone and isoprene. Marine air by Crowley et al. (2011); a general overview of the VOCs
masses from the Atlantic Ocean influence El Arenosillo fre- measured in the campaign, both biogenic (such as monoter-
quently. Under these conditions, the lowest levels of almostpenes and isoprenes) and anthropogenic (such as benzene or
all the species — with the exception of ozone levels associatetbluene) has been published by Song et al. (2011); aerosol
to long-range transport — were measured. number and mass, polycyclic aromatic hydrocarbons and
black carbon concentrations, among others, have been anal-
ysed by Diesch et al. (2012); OH reactivity as well as ozone
production rates and regimes have been determined by Sinha
1 Introduction et al. (2012); a study devoted to investigating the interactions
between atmospheric boundary layer (ABL) dynamics and
Regional atmospheric physics and chemistry over a regioratmospheric chemistry using a mixed-layer model coupled to
can be characterized through measurements either routinelshemical reaction schemes has been performed by van Stra-
carried out at atmospheric observatories or sporadically cartum et al. (2012).
ried out within the frame of intensive measurement cam- The aim of this paper is to carry out a detailed analysis of
paigns. The latter typically involve a larger number of spe-the weather conditions during the campaign and to identify
cialized instruments, deployed together at the surface or omlistinct air mass characteristics (urban, industrial and natu-
aircraft measuring many atmospheric parameters simultaneral with continental and marine influences), in order to de-
ously (Geyer et al., 2003; Molina et al., 2010; Royer et al.,termine the meteorological conditions associated with these
2011), sometimes at remote sites where permanent measuregimes and investigate their influence on the behaviour of
ing systems do not exist and would be difficult to set up (Mar- Oz, NO, NGO, SO, and OH reactivity; on isoprene and ben-
tinez et al., 2010; Williams et al., 2011). Atmospheric obser-zene particles; and on aerosol chemical composition. There-
vatories, on the other hand, have the advantage of producinfpre, this work’s aims are complementary and an extension of
long-time data series which are needed for the characterithe studies started by Diesch et al. (2012), Sinha et al. (2012)
zation of seasonal dependencies and detection of long-terrand van Stratum et al. (2012). The studies by Diesch et
trends in air quality and even climate studies (Toledano et al.al. (2012) and by Sinha et al. (2012) both include analysis
2007; Cristofanelli et al., 2009; Sorribas et al., 2011). of air mass trajectories in order to distinguish observations
El Arenosillo, located in the south-west of Europe, is anin air masses from different sources. In this work we focus
observatory with various atmospheric instrumentations meaen a very detailed meteorological study in order to separate
suring total ozone, ultraviolet radiation, surface gases (ozon®bservations into four distinct source regions, discarding all
and NQ) and aerosols, among other factors. Due to the dif-data which could not unambiguously be attributed to one of
ferent atmospheric emission sources (biogenic and anthrathe defined source regions. Though in general there is rea-
pogenic) surrounding this site and the orography features ofonable agreement with these prior studies, we do derive a
this region, levels of atmospheric chemical species dependomewhat different distribution.
strongly on the air mass origin. A review of the emissions sources in this region and in-
The diversity of source regions impacting the site, in ad-strumentation is presented in Sect. 2. A method for classifi-
dition to photochemical activity even in wintertime, together cation of the air masses is presented in Sect. 3.1 and applied
with the permanent instrumentation and long-time database® the data from the campaign together with a detailed anal-
available at this observatory, made El Arenosillo the site ofysis of land use around the site. Section 3.2 is devoted to an
choice for the DOMINO campaign. DOMINO (Diel Oxidant overview of the meteorological conditions considered as a
Mechanisms in relation to Nitrogen Oxides) aimed to closewhole and as a function of the air flow type. The levels and
the radical budget in a variety of air masses, and to studyariations of the chemical species are presented in Sect. 3.3.
the processing of anthropogenic pollution in an environmentThe results are discussed in Sect. 4.
with both anthropogenic and biogenic VOCs (volatile or-
ganic compounds). Many atmospheric variables were mea-
sured during the campaign, including meteorological vari-2 Campaign framework, area description' emission
ables (measured at the surface and at different altitudes from  sources, instrumentation and data
a tower and also using balloon soundings), trace gases (NO,
NO,, O3, SO, N2Os, HONO, VOCs, etc.), including radi- 2.1 Campaign framework and area description
cals (OH, HQ, RO, NO3), and aerosols (particle concentra-
tion, chemical composition, particle size distribution, etc.). The DOMINO (Diel Oxidant Mechanisms in relation to Ni-
The database generated in the campaign has been used trggen Oxides) campaign was promoted by the Max Plank
several studies so far. A study in order to identify HONO Institute for Chemistry in Mainz, Germany (MPICH) and
sources has been performed by Sérgel et al. (2011); nightperformed in cooperation between the MPICH and the
time mixing ratios of boundary layer 405 and NG life- National Institute for Aerospace Technology (INTA). The
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Seville metropolitan area is 75km to the NE from the
- : - coastline of El Arenosillo; with a population of more than
e Sy o o ] 1.5 million, it is the most densely populated urban area in the
' & Ao south of the Iberian Peninsula. In addition to important traffic
W ; : _emissi(_)ns, ther_e also are some atmosph_eric emis_sions from
R % industrial factories; these are commented in detail in the next
W El Aren05|llo i 2 SeCtion,

The emissions from the industrial activities in Huelva af-
fect the DOMINO site when the wind blows from the WNW-
NNW sector. In November and December this situation oc-
curs with an occurrence fraction between 5 and 10 %, simi-
lar to the annual mean of 4-10 % obtained from the histori-

Atlantic
Ocean

NORTH

Q cal series of 1994-2007. On the other hand, emissions from

AN\ uﬁ N the area of Seville can also affect El Arenosillo when the
\\// & wind comes from the NE-ESE sector, which occurs between

m‘;ﬁ"’ 20 and 25% of the time during the November-December

- months and with a 10 % occurrence annually.
2.2 Emission sources

Fig. 1. Clockwise, from upper left: location of El Arenosillo in 1h€ measurement area is regularly influenced by emission
Europe; sites on the coast and in the Guadalquivir valley; windsources both of biogenic and anthropogenic origin. Due to
rose for the measurement period; and the infrastructure installed foits location in the Dofiana National Park and the low traffic
DOMINO campaign. and population in the area during winter, there were no im-
portant anthropogenic emission sources in the direct vicinity
of the measurement site other than occasional traffic on the

measurements took place at El Arenosillo (37.1N, 6.7W,road passing the site and the traffic to and from El Arenosillo.
40ma.s.l.) from 21 November to 8 December 2008. The closest relevant anthropogenic emission sources that can

At the atmospheric sounding station El Arenosillo (ESAt), affect the measurement site are located in the Huelva and
several atmospheric parameters are monitored routinelyseville cities.
Measurements of the atmospheric total ozone column at this According to the Andalusian Government inventory
site started in 1980, surface meteorology in 1994, uItravioIet(CMAJA, 2005), total NQ emissions from Seville are
radiation in 1997 (Anton et al., 2012), total aerosol in 200030 631 tonsyr!, 1.7 times higher than from Huelva. The
(Toledano et al., 2007), surface ozone in 2000 (Adame et al.NO, emissions in the province of Huelva associated with
20104, b), aerosol size distribution in 2004 (Sorribas et al.the vehicle traffic account for only 30 % and industrial ac-
2011), aerosol scattering and back-scattering coefficients ifivities account for 48 %. In the province of Seville the ve-
2006, surface NO and NGn 2007 (Notario et al., 2013) and  hicle traffic contribution is comparatively larger, reaching
aerosol absorption coefficient in 2012. 53 %, while industrial emissions cause a mere 16 %. Total

El Arenosillo is located in the Dofiana National Park in SO, emissions from Huelva are 15 983 tonsyrcompared
the south-west of the Iberian Peninsula, close to the Atlantiao 4511 tons yr! from Seville. SQ emissions in Huelva are
coastline (Fig. 1). The nearest town is Mazagon, 9km t0-96 % industrial, mainly from the chemical and petrochem-
wards the WNW, with a population of 4000. The city of jcal sectors, while in Seville 55% of the S@missions are
Huelva, with a population of 150 thousand (INE, 2009), is related to the industry and 29 % are from other activities. The
situated 26 km to the NW. Close to Huelva city there are threepm, 5 emitted by traffic accounts for 14.7 % in Huelva while
industrial complexes with chemical and petrochemical activ-industry emits 48 % of a total of 2537 tonsyt In Seville
ities. the traffic is the most important Pig source, contributing

To the SSW of El Arenosillo is the Atlantic Ocean, 25%, and agricultural activities come second, contributing
which is the origin of frequent maritime air masses which 20 %, of a total 5062 tons yt. Benzene emissions are larger
are channelled inland from the Gulf of Cadiz through the in Huelva than in Seville, contributing 115 tonsyrcom-
Guadalquivir valley. Air masses originating in the Saharapared to 17 tonsyr. In Huelva 84 % of benzene is emitted
also occasionally arrive from this direction, though not dur- by the petrochemical industries. VOCs (non-methane volatile
ing the period of the campaign. Along the coast there is con-prganic compounds) are mainly (74 %) from biogenic origin
tinuous maritime traffic of ships travelling to or from the port in Huelva, while the industry emits 10.3 % and traffic 2.5 %.
of Huelva. In Seville biogenic emissions also are the main source of
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VOCs, with 31.5 % from natural emissions and 23.5% from Local weather conditions were measured using a commer-

agriculture. cial instrument, Vaisala 520WXT. Temperature, relative hu-
_ midity, pressure, rainfall, wind speed and direction data were
2.3 Instrumentation and data collected. This sensor was used both on top of the structure

. . . ) and on a 100 m tower between the DOMINO measurement
The atmospheric sounding station (ESA) is located lesSsjie and the ESAt building. To measure ultraviolet radiation,

than 1000m from the coastline, and hosts the atmospherig gre\ver MKiIl spectroradiometer was used which has been
monitoring instrumentation continuously deployed by this ,onjtoring this parameter from the roof of the ESAL since
observatory. Most of the instrumentation deployed for thegg7.

DOMING campaign, however, was placed at a site in be-  \jateorological soundings were performed at the main
tween the ESAt and the coast, at about 100 m from the coasinyopiNO measurement site. Normally, two balloons were
line, although several of the ESAt's instruments remained inj5 ;nched per day: one in the morn'ing (around 10:00—
the ESAt. The equipment at the main measurement site wag1.9g UTC) and one in the afternoon (around 16:00—
distributed in four containers and the sampling inlets were in-1 7.9 UTC). On selected intensive days, however, a sonde
stalled on top of a 10m high structure (see image in Fig. 1),yas |aunched every hour. Meteorological data were obtained
Table 1 summarizes the main features of the instrumentation,ii, GRAW DEM-06 radiosondes which measured temper-

Ozone measurements were based on the absorption of Ul re relative humidity, and location (differential GPS). The
traviolet radiation by ozone at 254 nm. The ozone analyseryaasurement accuracy for temperature is €G.2t a reso-

. . l . -
using a flow rate of 2L min, was checked daily and cal- ion of 0.1°C. Relative humidity is measured with an ac-
ibrated be.forel apd after the campaign. The uncertainty a”@uracy of <5% and a resolution of 1%. Through the change
the detection limit were 1 ppb. _ _ . in GPS position, wind speed (< 0.2 misaccuracy), wind di-

NOy data was collected with a high resolution and high e tion and updraft were calculated. Using surface pressure

sensitivity chemiluminescence detector (ECO PHYSICS ¢ oqgitional input, the vertical profile of pressure (<1hPa
CLD 790 SR, ECO PHYSICS, Durnten, Switzerland) which accuracy) was obtained.

carries out simultaneous in situ measurements of NO and NO, NO,, isoprene, benzene, OH reactivity and the me-

NO,. A detailed description of the instrument, the calibra- teorological parameters were measured from the top of the

tion techniques and the error calculation has been given by, antioned structure: £and SQ were measured in a mobile
Hosaynali Beygi et al. (2011). SQvas monitored using an laboratory (Drewnick et al., 2012) with the inlet at the same

airpointer (Recordum GmbH) with a detection limit of 1 ppb, pejght as those on the structure; and meteorological sound-
which was calibrated periodically during the campaign. ings were launched at the main DOMINO measurement site.
An online sampling TD-GC-MSD (thermal desorption— 1ot particles, aerosol chemical and the ultraviolet radiation
gas chromatography-mass spectrometry) measurement sygata were collected at the ESAt building. Finally, the 100 m
tem was used for the in situ observation of benzene and iSog, yer was used to measure meteorological variables at the

prene. Ambient air was dra%vn continuously through & maingg i, jevel. All the data were recorded with a time resolution
sample line at about 10 L mirt by a high-volume pump. The - ¢ 19 min or less with the exception of the VOCs, which had
residence time of air in the inlet line was approximately 12s. sampling time of 60 min.

OH reactivity was measured using the comparative reac-
tivity method which employs an in situ competitive kinetics
experiment in which a proton transfer reaction mass SPECy  pasulis
trometer (PTR-MS) is coupled to a turbulent flow glass reac-
tor (Sinha et al., 2008, 2009, 2010).

Total concentration for particles larger than 2.5nm was
measured by an ultrafine condensation particle countel 1 1 HYSPLIT model
(UCPC) (TSI model 3776) operating at high flow and with

a 1 min time resolution. The accuracy of the system is abourpg (rajectories followed by the air masses before reaching
10%. A description of the sampling system to transportg arenosillo were calculated using the HYSPLIT (Hybrid
the sampled aerosol into the UCPC can be found in Sorgingie_particle Lagrangian Integrated Trajectory) model, de-
ribas et al. (2011). Simultaneous Rdvand PMys concentra- gioned by the NOAA (National Oceanic and Atmospheric
tions were sampI?d using two high-volume captors (CAVF- Aqministration) Air Resources Laboratory (ARL) (Draxler
PM1025, 30mh- ), équipped with MCV PMo and PMs  gng Rolph, 2011). Several studies have been carried out at
inlets and quartz micro-fibre filters. The time resolution was g| arenosillo in the past to study air masses in this region,
one filter_ every day with a sampling dgration of 24 h. Filters including an analysis of 5yr of daily back trajectories and
were weighed before and after sampling. their relation to the aerosol optical properties (Toledano et
al., 2007), 2 yr of six back trajectories per day and their rela-
tion with the sub-micron particle size distribution (Sorribas

3.1 Air masses study

Atmos. Chem. Phys., 14, 2323342 2014 www.atmos-chem-phys.net/14/2325/2014/
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Table 1. The measurements made during the DOMINO campaign are tabulated alongside, parameter, time resolution, detection limit, re-
sponsible institute and location of the inlet.

Measurement Time Detection Technique or Institution  Inlet

resolution limit  Instrument location
O3 10m lppb UV INTA Structure (10 m)
NO, NO, 10m lppb CLD MPI Structure (10 m)
SO, 10m 1ppb Airpointer MPI Structure (10 m)
Benzene 60 m lppt TD-GC-MSD MPI Structure (10 m)
Isoprene 60 m lppt TD-GC-MSD MPI Structure (10 m)
OH reactivity 1m 351 Reactivity (PTR-MS) MPI Structure (10 m)
Particle number concentration 1m 0.01 UCPC INTA ESAt

par cnt3

PM19—PM5 5 24h CAVF INTA ESAt
UV radiation 10m Brewer Mkl INTA ESAt
Surface meteo 1Im Vaisala 520WXT INTA Structure (10 m)
Surface tower 1m Vaisala 520WXT INTA Tower (100 m)
Meteorological soundings GRAW-DFMO06 MPI Structure (10 m)

et al., 2011) and a study using 10yr of back trajectories t03.1.2 Land use and definition of sectors
identify clusters of trajectories as well as their seasonal vari-

ation and dependence on altitude and on various features cf_fand use analysis has been demonstrated to be a powerful
the local meteorology (Hernandez-Ceballos et al., 2013).

. ; . tool to understand the contribution of human activities as
These studies are based on back trajectories comput

d th . th £120 h. using inout ell as biogenic sources when interpreting local measure-
once per day with a prévious pathway ot 10N, USING INPUty e of an atmospheric parameter (Williams et al., 2011).
meteorological files with a horizontal resolution ¢fx 1°.

Inthe f K of the DOMINO ; : trai Potential local and regional influences on measurements dur-
n the lramework ot the 'O campaign, air mass trajec- ing the campaign were assessed within an 80 km radius of the
tories have been calculated using HYSPLIT and meteorolog

ical fields of | lution. Diesch et al. (2012) calculat d'site using the Corine land cover database. These data were
ical fields of low resolution. Diesch et al. ( ) calculate edited using the ArcGis 10 (ESY Geographic Information

back trajector.ies at 10 m grrival height every 2h during theSystems (GIS) software. The radius was chosen in order to
Wh.0|e campaign period; Sinha et. al. (2012) computed baCl1nc|ude the city of Seville, which is the most populated area
trajectories at 20, 100 and 500 m; in van Stratum et al. (2012)in the surroundings of the sampling site

the forward trajectories for a specific day at 100 and 2000 m As described in Sect. 2.1, there are two significant urban

were shown. centres, Huelva and Seville, within 80 km of the sampling

. In Fh's W(.)rk anhew a_nd detailed back trajectory _analy- site. Most anthropogenic emissions are assumed to come
sis with a higher resolution (both temporal and spatial) hasfrom these areas with their urban and industrial areas and

bte%n perfortr:etle.RT:cle |tnp_ut Pete?r:0|°|§]'ga: f|IeZ ulsEegl\'/lrlAt/T:'Stransportation networks (in black in Fig. 2). Apart from those
study were the nterim from the global mode urban areas, other characteristic land uses will be described
(European Centre for Medium-Range Weather Forecasts)

The files downloaded from ECMWF and converted to a for- ar\l(tshsl_tl)_la_tsrlnsoc&;he different back trajectories defined by the
mat compatible with HYSPLIT have a spatial resolution of A di ; . . .

. ) to the diff t land th d
0.25 x 0.25(approximately 27 km), 16 vertical levels from ccording to the difierent fand Uses In the surroundings

» t0 500 mb and 6 h of t | luti 3-D ki of the measurement site, four different sectors can be de-
surtace 1o mb an of temporal resofution. - me'.fined that influence the measurement area with distinct an-

matic back trajectories have been calculated using the Vemfhropogenic and biogenic emissions. The sector between W

f:al w_|nd component given by _the ERA Interim m_eteorolpg- and NNW, affected mainly by emissions from urban and in-
ical fields. 48 h back trajectories from El Arenosillo station g

h b mulated t | th L d path ustrial activities of Huelva, is referred to as the Huelva—
ave been simulated fo analyse the origin and pathway o ortugal sector. From the north, between NNW and NE,
air masses. Hourly back trajectories were computed for th

: . . rrived air masses from the central Iberian Peninsula, con-
wh'ole period of .DOMINO’ approximately 445 back trajec- taining mostly rural emissions and possibly also aged pol-
tories at each altitude.

lution from distant urban sources. This sector is identified
as the continental-north sector. The sectors defined in this
work as Continental-North, marine and Seville present a
good agreement with the classification shown in Diesch et
al. (2012). However, the Huelva—Portugal sector from this

www.atmos-chem-phys.net/14/2325/2014/ Atmos. Chem. Phys., 14, 22252 2014
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Continental-North ¢ & \_(_/
] Q

50N |{Huelva-Portuga

DOMINO 80 km radius
Legend

55N
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Marine
40N

Marine

35N

30w 25w 20w 15W 10w SW 0 5E 10E 15E

o 10 2 40 60

Fig. 2. Distribution of land use within 80 km of the measurement Fal. SR et ‘ e |
site. Black lines indicate the last part of the back trajectories cluster
means at 100 m. £

study is divided into three sectors in their work which are _. . , . . .

ful for the int tati f th | chemical Fig. 3. Back trajectories cluster means (horizontal and vertical vari-
U_S,e ul for e' in grpre alion or the aeroso C eml'ca ,Compo'ation) of 48h computed for 100 and 1000 m arrival height at El
sition shown in Diesch et al. (2012). In the investigation car- arengsillo representative of the flows from the Huelva-Portugal,

ried out by Sinha et al. (2012) three sectors were definedgontinental-north, Seville—~Guadalquivir valley and marine sectors.
based on wind measurements and back trajectories. The ma-

rine and Huelva sectors are similar while the Continental sec-
tor defined in Sinha et al. (2012) is divided in our work into 3.1.3  Air mass classification according to source regions
continental-north and Seville. and variation with altitude

From wind directions between NE and ESE arrive flows
coming from the Guadalquivir valley that have crossedOne of the goals of the DOMINO campaign was to analyse
the Seville metropolitan area and the Doflana Nationalatmospheric chemistry in air masses of different origins and
Park, therefore this sector has been classified as Sevillewith distinctively different types of emissions. In order to dis-
Guadalquivir valley. Finally, the air masses coming from be- tinguish between emission loadings of air masses, the hourly
tween ESE and W from the Atlantic Ocean have been identi-back trajectories computed for an altitude of 100 m at arrival
fied as belonging to the marine sector. were viewed, selected and were grouped according to their

The Atlantic Ocean covers approximately 40 % of the area0rigin from the sectors defined in the last section, rejecting
around the site. A semi-quantitative analysis of the land usdéhose trajectories that crossed more than one sector before
map in Fig. 2 is given in Table 2. The most significant reaching El Arenosillo. The local wind direction agreed with
land use is forests and cultivations. Agriculture (arable land the direction of the trajectories in >80 % of all cases.
woody crops and other cultivated areas) reach near to 30 % Moreover, hourly back trajectories at five altitudes were
of the land use. The national and natural parks of Dofian&omputed inside the atmospheric boundary layer (ABL) at
surrounding the sampling site are among Europe’s most rel100, 250, 500, 750 and 1000 m arrival height in order to
evant protected areas due to their populations of migratorystudy the variation, origin and pathways of the air masses
birds and sandy landscapes. Nevertheless, many natural &at reached El Arenosillo during DOMINO.
semi-natural forested areas are also frequent (14.0 % includ- The HYSPLIT model has a tool which allows the group-
ing broadleaved and coniferous forest). Those areas identing of back trajectories into clusters using two parameters,
fied as coniferous forests were found to be stone gieus  the TSV (minimum increase in total spatial variance between
pineaL.) which has been identified previously as strong ter- clusters) and the SPVAR (minimum increase of spatial vari-
pene emitter in summer (Song et al., 2011). These forests ar@nce between cluster components). This clustering tool has

abundant to the north of the site in the immediate vicinity of been applied to the back trajectories set obtained for each
the sampling site. altitude and sector of origin. A back trajectory mean or clus-

ter has been obtained in each altitude and sector. The results
obtained for the five altitudes calculated are very similar, in
Fig. 3 the cluster for 100 and 1000 m altitude for the four
sectors are shown.

Atmos. Chem. Phys., 14, 2323342 2014 www.atmos-chem-phys.net/14/2325/2014/
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Table 2.Land use, total and by sectors of air mass origin. The analysis was carried out within a radius of 80 km from the sampling site. Each
column shows the area (Igmof each land use and the percentage of total surface.

Land use 80 km radius % S-G % C-N % H-P % M %
Urban, industrial and transportation networks 410 2 137 5.4 52 2.1 63 2.5 - -
Agriculture 5921 295 1504 59.9 677 26.9 918 36.5 - -
Broad-leaved forest 1215 6 181 7.2 553 22 292 11.6 - -
Coniferous forest 843 4.2 191 7.6 253 10.1 216 8.6 - -
Grassland and scrubland 2829 141 490 195 970 38.6 838 33.3 - -
Salt marshes, salines and salines 669 3.3 0 0 0 0 94 3.7 - -
Water courses, lagoons, estuaries 226 1.1 11 0.4 10 0.4 54 2.1 - -
Ocean 7993 39.8 - - - - 39 1.6 2513 100
Total 20106 100 2513 100 2513 100 2513 100 2513 100
The low variability with the height of the air masses dur- ——— Wind direction____ Wind speed s

ing the DOMINO campaign at 5 different arrival altitudes up £, ] W s

to 1000 m shows that the boundary layer is generally well £ | "

mixed. Also van Stratum et al. (2012) obtained a similar at- £ 32

mospheric transport at 100 and 2000 m using trajectories for i Il L

a specific day (23 November) and meteorological fields of
lower spatial resolution. In the following sections the back
trajectories obtained for the lowest altitude of 100 m will
be used to discuss the measurement data taken close to tf:
ground. :
Air masses with recent anthropogenic emissions, includ- =
ing a strong industrial component coming from Huelva, after :
crossing the south of Portugal were found in a total of 65h =D
(Table 3). Air masses with continental air, from the west-
ern and central parts of the Iberian Peninsula affected both :
by biogenic emissions and by moderate anthropogenic emis- © ]
sions from roads and smaller settlements, possibly also by 374 ¥ ¥ Vi Vel YW T v 7 VDTS
long-range transport of aged air masses from larger cities like AR A A A
Madrid were identified in a total of 42 h. Fig. 4a. Temporal evolution of the wind direction and speed, tem-
Air masses with anthropogenic urban pollution from the perature, relative humidity, specific humidity and potential temper-
Guadalquivir valley, affected by the emissions of the Seville ature difference (between 50 and 10 m) using 10 min averages from
metropolitan area within the last 12 h of transportation werethe whole DOMINO campaign. Periods classified into distinct sec-
detected in 41 h. Finally, Atlantic air masses without con- tors of air mass origin are marked by brown (Huelva—Portugal),
tinental influence during the last 48h before reaching Elgreen (continental-north), red (Seville-Guadalquivir) and blue (ma-

Arenosillo were observed in 35 h. rine) shaded areas.

ST o T o T ol ol ol ol ol of
N M R AN

(%) Aupiuny aanejsy

3.2 Overview of the meteorological conditions
tic and mesoscale processes can be developed in this coastal

The characterization of weather conditions during thearea (Adame et al., 2010a), throughout the whole campaign
DOMINO campaign is based on local measurements of surthe weather conditions were governed by synoptic scale mo-
face temperature, potential temperature difference betweetions.

50 and 10 m, relative and specific humidity, wind direction  During the first three days of the campaign the air came
and speed, ultraviolet radiation, pressure, rainfall and thérom the Seville—Guadalquivir valley and continental-north
height of the atmospheric boundary layer (ABL) (Fig. 4). sectors; it was caused by a high pressure system located
Profiles of potential temperature, specific humidity and windin the Atlantic Ocean which influenced the Iberian Penin-
have been plotted to obtain the structure of the ABL (Seibertsula. The air masses arriving at the site were located, 48 h
et al., 2000), both in stable and unstable (i.e. mixing layer)before, in the SE or centre of the Iberian Peninsula, and
conditions. The meteorology was further studied on a syn-ravelled through the Guadalquivir valley. The days were
optic level analysing the surface pressure maps and the backunny, as can be observed in the smooth ultraviolet radia-
trajectories (shown in the last section). Although both synop-tion daily cycles almost uninterrupted by clouds. Maximum
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Table 3. Periods classified into distinct sectors of air mass origin.

Air mass types From To Hours
24/11/08 at 06:00 25/11/08 at 06:00 25
Huelva—Portugal 03/12/08 at 02:00 03/12/08 at 04:00 3
03/12/08 at 23:00 04/12/08 at 19:00 21
08/12/08 at 09:00 08/12/08 at 24:00 16
22/11/08 at 06:00 23/11/08 at 06:00 25
Continental-north 25/11/08 at 13:00 25/11/08 at 19:00 7
02/12/08 at 10:00 02/12/08 at 15:00 6
02/12/08 at 19:00 02/12/08 at 22:00 4
Seville—Guadalquivir valley 21/11/08 at 01:00 21/11/08 at 17:00 17
26/11/08 at 18:00 27/11/08 at 17:00 24
Marine 28/11/08 at 18:00 29/11/08 at 01:00. 8
06/12/08 at 23:00 07/12/08 at 24:00 27
0 . ing night-time strong inversions built up, with potential tem-
= ] perature differences >£, the highest of the campaign.
Z j: ] In the late hours of 23 November the synoptic flows were
o] i modified due to the displacement from Greenland to the
s | British Isles of a low pressure centre (989 hPa) with a high
P P A E S F S T FS SIS isobaric gradient. In this new situation the low pressure cen-
O ——pesue W tre governed the weather in all of western Europe. From late
1020 23 November to midday 25 November local air flows at El
. M .»Z  Arenosillo were from between the W and N. The air masses
7 1000 s crossed the Iberian Peninsula from N to S at first, later com-
s \ S f F o ing from the Atlantic Ocean through Portugal and crossing
R SRe L N N S1 TR e oo Huelva before reaching El Arenosillo.
s MS; : M\Uﬁ coee e . Under this new situation, the temperature decreased to
S e NI N AERERETE W EEE P daily maxima of 15-18C and minima of 6—8C. Associ-
Euso | * * ] ated with maritime flows, the relative humidity was higher
£ * * . . e 7. .
£ ] than on previous days, while the specific humidity remained
; s00.] i i * " 1 similar. The cloudiness during these days increased. During
g 250 . i ", s the night of 24 November, no significant nocturnal inversion
T T T ] FAFar R arar AT was built up. The low pressure system continued moving to-

N Y
R A AP R M ) &

wards the north of Europe and, by late 25 November, it had
Fig. 4b. Temporal evolution of ultraviolet radiation, pressure and lost its influence in the SW of Europe.
rainfall using 10 min averages and mixing layer height obtained Another high pressure system now affected the Iberian
from soundings (Mor-Stb: morning sounding with stable condi- Peninsula. Flows from between the NE and E occurred, sim-
tions, Mor-Uns: morning sounding with unstable conditions, Eve-jlarly to during the first days of the campaign, from late
Stb: evening sounding with stable conditions and Eve-Uns: evenings November to approximately midday on 27 November.
sounding with unstable conditions) during the whole DOMINO hg 5ir masses travelled from the centre of the Iberian Penin-
campaign. Periods classified int(_) dis_tinct sectors of air mass originSula and later from the SW along the Guadalquivir valley.
are marked by shaded areas as in Fig. 4a. . .

The maximum daily temperatures were lower than on the

previous days. A decrease in the relative humidity was also

observed (with maximum values ranging between 75 and
daily temperatures higher than 20 were reached and well- g5 o5) simultaneously with a decrease of the specific humid-

defined daily temperature cycles were observed; moreovejiy (with mean daily values of 3—4 g kg, the lowest detected
relative humidity changes between the minimum35%)  during the campaign).

and maximum+- 70 %) were also observed. The specific hu- At high latitudes of the Atlantic Ocean, between Great
midity in these continental flows was almost constant, with gyitain and Greenland, a new low pressure system was gen-

values around 6-7 gkgd. The mixing layer reached maxi- erated, located at the north of the high pressure system. This
mum heights (> 1000 m) around the evening hours, and dur-
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new isobaric configuration started to move towards the Eurotemperature varied between 13 and®C7 and the relative
pean continent. humidity between 75 and 95 %, while the specific humid-

The Iberian Peninsula was left under a weak isobaricity reached the highest values of the campaign, oscillating
gradient and El Arenosillo received wind from variable di- between 8 and 10 gkgd. There was an increase in cloudi-
rections (mainly from SSE, WNW and N), from midday ness, and in the last hours of 7 December rainfall occurred.
27 November to approximately 28 November at 08:00 UTC. Throughout these days, the potential temperature difference
Other surface meteorological parameters did not changebetween 50 and 10 m altitude was mostly negative, i.e. with-
28 November marked a clear transition, with the wind veer-out significant nocturnal inversions. In the evening hours the
ing from NW to SW the origin of air masses changed. Early mixing layer hardly reached 750 m and even atmospheric sta-
on 28 November, the air came from the Iberian Peninsula (i.eble stratification was sometimes observed, as would be ex-
the continental—north sector) crossing it from N to S. Laterpected for a marine boundary layer.
the air arriving at El Arenosillo had an increasing maritime  Summarizing, air masses from the Huelva—Portugal,
influence, with wind from the Atlantic Ocean at the end of continental-north, Seville—Guadalquivir valley and marine
the day. Both relative and specific humidity increased duringsectors were observed with an occurrence frequency of 42 %,
the day, reaching maximum values of 94 % and 9 glkee- 30%, 7% and 21 %, respectively. Nevertheless, according
spectively. A decrease in pressure (to the lowest values of théo the historical data series the dominant wind direction
campaign) was observed, associated with an enhancement at this time the year is from the Seville—Guadalquivir and
cloudiness and rainfall in the following night. continental-north sectors with an incidence >40% each.

The marine influence continued through 29 November.These air masses are advected from the centre of the Iberian
The temperature decreased continuously from 14 t8Cl1 Peninsula or the European continent. Therefore, the wind
throughout the day without any diurnal maximum. Relative regime in November and December 2008 was anomalous
humidity increased up to 90 %, while the specific humidity with respect to the previous 14 yr.
remained similar to the previous day. Using only air masses with trajectories completely within

On 30 November the low pressure system started to movene of the four sectors defined in Sect. 3.1.3, average diel
away from the Iberian Peninsula through the southwest ofprofiles for temperature, potential temperature difference,
France, leading to an increase in pressure. This situation respecific and relative humidity and wind speed have been cal-
mained for the next four days until late 3 December. Localculated for each sector (Fig. 5); in addition, potential temper-
wind was variable, blowing from southwesterly to northwest- ature and specific humidity vertical profiles are also shown
erly directions. In agreement with the change in the wind di-in the same figure.
rection, maritime air masses were later replaced by air from The meteorological features of the four sectors are quite
Portugal and finally from the north of the Iberian Penin- different. Night-time temperatures differ by up t6®, while
sula. Temperature and relative humidity showed well-defineddaytime average temperatures agree withir? €.5Air from
daily cycles, with maxima of 12-14C and of up to 90% the marine sector showed little diel temperature variation,
respectively. The specific humidity decreased and cloudisince the temperature of the air over the ocean is less af-
ness was low. The evening mixing layer height on 29 andfected by diurnal heating and nocturnal cooling. By con-
30 November was significantly lower than on the previoustrast, air with continental influence, i.e. continental-north
days. and Seville—Guadalquivir, shows a clear diel cycle.

The displacement of the low pressure system towards the Similarly, the potential temperature in marine air was al-
European continent favoured the influence of a new highmost equal at 10 and 50 m altitude during both day and night,
pressure centre, leading to local winds from the NW, Huelva—whereas air from all other three sectors showed tempera-
Portugal sector. On 4 December the synoptic meteorologyure decreasing with altitude by close t6Q in the lowest
over the Iberian Peninsula was characterized by a weak is050 m during daytime. The largest vertical potential tempera-
baric gradient with low wind speeds. Starting on 5 Decem-ture differences are found in nocturnal stable conditions, with
ber, the Atlantic anticyclone moved to lower latitudes and values of up to 8C for the continental-north sector.
the northern part of the Iberian Peninsula was affected by a The humidity (specific and relative) was relatively low
strong low pressure system (972 hPa) located in the north ofinder continental influence (continental-north and Seville—
the British isles. Due to these conditions, during the last fourGuadalquivir) and high under marine-sector conditions. In-
days of the DOMINO campaign the wind direction was vari- termediate values were observed in air from the Huelva—
able; it blew from the NNW and veered to the W-SW, bring- Portugal sector. The highest wind speeds were associated
ing maritime air masses. On 3 December air masses travelledith trajectories from the Seville—Guadalquivir sector, prob-
through the south of Portugal and reached El Arenosillo fromably due to the channelling effect of the Guadalquivir valley.
the NW. With the change in the wind direction to the west, For the continental-north and Huelva—Portugal sectors, wind
the air showed a strong maritime character, which remainedgpeeds were similar and the lowest wind speeds occurred un-
for the last days of the campaign. Weak temperature, relader marine conditions, with winds usually being less disper-
tive and specific humidity daily cycles were observed. Thesive.
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Fig. 5. Average diel profiles of temperature, potential temperature RS
difference, specific and relative humidity and wind speed from the

four sectors of origin. Vertical profiles of potential temperature Fig. 6. Mixing ratios of ozone, NO, Ng, SO, particle concentra-
and specific humidity obtained in the afternoon soundings undettions, total OH reactivity (10 min data), isoprene and benzene mix-
Huelva—Portugal (H-P on 24 November), continental-north (C-Ning ratios (hourly data) throughout the DOMINO campaign. Peri-
on 22 November), Seville—-Guadalquivir (S-G on 26 November) 0ds classified into distinct sectors of air mass origin are marked by
and marine (M on 7 December) flows. brown (Huelva—Portugal), green (continental-north), red (Seville—

Guadalquivir) and blue (marine) shaded areas.

The atmospheric boundary layer height of air from the
continental-north and Seville—Guadalquivir sectors is simi-tween 46 and 11 ppb. The long-term averages for November
lar, and the effect of continental conditions while in air from and December obtained from the historical data series are
the marine sector is typical of a marine boundary layer. In30+2ppb and 26t 2 ppb respectively; these are the low-
air masses coming from Huelva—Portugal, both marine anst of the year. Compared with other remote sites in Eu-
continental influences can be expected. rope, these values are similar to those found in Hohenpeil3en-
berg during this time of year (28 2 ppb, Gilge et al., 2010)
3.3 Levels and variation according to the air flow types  and lower than in Mace Head (412 ppb, Parrish et al.,
for O3, NO,, SO,, OH reactivity, isoprene, benzene, 2013). The average for DOMINO was a little higher, with
particles and aerosol chemical composition 31+ 7 ppb. Throughout the campaign a clear daily cycle was
observed for ozone with maximum values of up to 35 ppb in
An overview of the mixing ratios of chemical trace gases the afternoon, approximately 1-1.5 h later than the maximum
such as ozone, NO, NOSQ;,, isoprene and benzene as well solar radiation. An exception to this was the period from 28
as the total OH reactivity, the number of particles and theto 30 November, when ozone remained almost constant for
aerosol chemical composition measured during DOMINO isgver 36 h.
given in this section. The whole data series of these species Average diel ozone profiles were quite similar for all air
is shown in Fig. 6. The average daily evolution for air of dif- mass origins during daytime, indicating no significant or low
ferent origins is shown in Fig. 7; averages and standard deviphotochemical production in more polluted air. Significant
ations are given in Table 4. The daily average for the aerosobjiifferences were found mostly during night-time, indicating
chemical composition is displayed in Table 5. different levels of ozone destruction. The highest values were
Surface ozone at El Arenosillo has been monitored sinceecorded for the relatively clean marine air 84 ppb), and

the year 2000 and was used in several studies on 0zone undgie lowest for continental air coming from continental-north
different weather conditions (Adame et al., 2010a, b). Dur-and Seville—~Guadalquivir sectors (20 ppb).

ing the DOMINO campaign the 10 min ozone data varied be-
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Table 4.Data numberf), average and standard deviation (2w ) in ppb (G3, NO, NOy, SGy), ppt (isoprene and benzene), particlesém
(particles) and 51 (OH reactivity) for the whole campaign and for data classified into distinct sectors of air mass origin: Huelva—Portugal
(H—P), continental-north (C—N), Seville—Guadalquivir (S—G) and marine (M).

Whole campaign H-P C-N S-G M

N Avto N Avto N Avt+o N Av +o N Avto
O3 2469 317 | 294 30+ 6 | 246 324 | 252 30+6 | 207 34t 6
Particles 2362 1129¥15808 | 294 16614:23956 | 252 12778:7432 | 252 7104£3539 | 208 1652+2184
NO 2181 0.2£0.5 | 226 0.3+0.7 | 196 0.2+0.3 | 232 0.2+0.4 | 185 0.0+ 0.0
NO> 2181 19419 | 226 21+1.7 | 196 17413 | 232 1.6£0.8 | 185 0.7+0.7
SO 2481 1.0£2.1 | 294 2.1+25 | 246 0.3£0.3 | 249 0.1+£0.3 | 208 0.5+04
OHreact 1880 1815 | 147 25+10 | 193 35+17 | 176 20+8 | 177 1.5+2.8
Benzene 1357 179285 | 175 241+ 262 | 168 108+ 71 | 151 108t31 | 63 59+ 58
Isoprene 1327 1517 | 175 10+3 | 168 28+31 | 151 14+10 | 39 6+3

Table 5. Daily levels of PMg, PMys, PMig o5 and ma- campaign. The total particle concentration with diam-
jor (ugm—3) and trace components (in ng™) for PMyg in eters within 14-675nm is also routinely measured at
the Huelva—Portugal (H-P), continental-north (C-N), Seville-E| Arenosillo, and shows an annual mean level of

Guadalquivir (S-G) and marine (M) sectors. (8.6£6.7)x 103cm2 (Sorribas et al., 2011). Differences
between the mean total particle concentration reported in
Major components (in pg ) Sorribas et al. (2011) and during DOMINO could be due
H-P  C-N = S-G M to the different particle size ranges used for the two stud-
PM1g 21.87 10.85 4.89 13.06 ies. The highest particle concentrations are observed close
PM, 5 11.38 8.21 3.48  10.49 to noon, and the lowest were observed during night-time.
PMig_25  10.49 2.64 1.41 2.57 At El Arenosillo, the diurnal maximum may be attributed
Ca 0.05 0.23 0.15  0.052 to new particle formation events from biogenic or anthro-
Fe 039 042 043 0.100 pogenic precursors. Diel profiles for the different air mass
K 1.38 0.00 0.00 3.48

origins show that the total particle concentrations during

'I:J/lg %‘%)Aé %’%% %’%% %‘é% night-time are similarly low for air from all sectors. How-
a ) : : : ever, during daytime the total particle concentration is highly
Trace components (in ng¥n variable. Air masses coming from the marine and the Seville—
H-P C-N S-G M Guadalquivir sectors did not show maxima at noon, indicat-
As 763 0.00 0.00 565 ing that no nucleation events occurred during transport from
cd 0.28 0.00 0.00 0.00 these sectors. Particle levels were very different with an av-
Co 0.27 0.00 0.00 0.00 erage of (1652 2184) particlescm?® for the marine and
Cu 18.47  10.37 3.69 14.20 (71044 6905) particlescm? for the Seville—Guadalquivir
Mn 5.55 7.64 6.05 2.64 sectors. For the particle concentration, the continental-north
Ni 4.96 4.53 3.14 3.01 sector shows the typical diel profile of a nucleation event, as
P 2167 18.05 16.65 11.81 corroborated by measurements of sub-micron size distribu-
Pb 9.71 514 3.47 7.33 tions evidencing intensive particle formation as well as con-
S 609.62 29172 27273 41881 tinuous growth (Diesch et al., 2012). During sunrise, new
Sc 0.00 0.00 0.00 0.00 particles were formed by photochemical processes and the
Se 0.72 0.00 0.00 0.00 . . . ;
Si 83.96 11462 122.97 0.00 total particle concentration mcreased. Qround 10:00 UTC.
sn 1.41 1.97 1.60 1.95 From 10:00UTC to 11:00 UTC, the mixing processes start
Sr 0.90 0.00 0.05 1.30 increasing the height of the boundary layer and decreasing
Ti 36.42 2164 16.69 37.77 its particle concentration. When the nucleation velocity be-
\Yj 3.00 0.92 1.24 2.09 comes higher than the dilution velocity, the particle concen-
Zn 17.67 0.00 0.00 154.70 tration increases again at around 12:00 UTC. In the evening,

the particle coagulation and condensation processes produce
a slow decrease of the particle concentration within the size
range measured by the UCPC. The highest noon levels were

The total particle concentration greater than 2.5nmmeasured in air masses coming from the Huelva—Portugal
diameter measured with 10min time resolution wassector, and are likely due to secondary particle formation
(11.3+ 15.8)x 10 particlescmt® during the DOMINO
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—— Huelva:Porugal —— Continenta-North —— Sevi down to the ground with the breaking of the inversion layer
I T and partly photolysing to NO in the morning sunlight. NO
mixing ratios were about 50 % higher in air from Huelva—
Portugal than in air from the other inshore sectors. During
daytime, air passing Seville—Guadalquivir has similar,NO
loadings as air from more northerly sectors. The lowesp NO
was recorded in marine-sector air; it was a few 100 ppt during
daytime and around 1 ppb during night-time.

The variability of SQ during the campaign is associated
with the arrival of air masses loaded with §@nd it showed
no diel cycles. The daily cycle of SQOs not detectable be-
cause it is below detection limit in most air masses; by con-
trast, in air from the Huelva—Portugal sector, the dominant
sources are point sources and mixing ratio of,S1D-site
e e e 7 e P AP e therefore depends strongly on the air trajectory. Mixing ratios
A 5 Y varied between the limit of detection (1 ppb) and a maximum
‘ of 23 ppb — 1.6t 2.1 ppb in average. Sshows some very
elevated values in Huelva—Portugal air (2.5 ppb in aver-
age) compared to air from other sectors, except during night-
time between 01:00 and 08:00UTC. The origin of these
mixing ratios could be attributed to industrial emissions.
The lowest values were observed in Seville—Guadalquivir air
(0.1£ 0.3 ppb inaverage), reflecting lowest influence of local
industrial pollution in this sector. The continental-north sec-
tor has some mixing in of Huelva industrial air during night-
time, evidenced by elevated $@round midnight and due
to the strong vertical stability observed in nocturnal air from
this sector. Marine air also has more Sthan Seville air
(0.5+0.4 vs. 0.1-0.3 ppb), more likely due to ship emis-

Time (19 Tme (19 sions than to influence by local industrial pollution, since
Fig. 7. Mean diel variation for ozone, particles with>2.5nm, r!lght-.tlme values after Ol:QO utc are_ often higher in ma-
NO, NO,, SOy, total OH reactivity, benzene and isoprene for air M€ air (1.2+ 0.5 ppb) than in Huelva air (0% 0.5 ppb).
with different origin. During the campaign OH reactivity was measured by
Sinha et al. (2012); it ranged from below limit of detec-
tion (3.5s) to 76 s7%, with a mean value during the cam-
paign of 18+ 15s 1. The highest values were observed in
from emissions of the industrial areas situated around Huelvair from northerly directions during night-time. Although
city. Huelva—Portugal air reaches similarly high values in the af-

Since El Arenosillo is a rural environment without NO ternoon as does continental-north air, when vertical mix-
emission sources nearby, average mixing ratios measureithg is highest, values are significantly lower from 15:00
of NO and NQ were relatively low (0.2£0.5ppb and to 02:00 (25+16s ! for Huelva—Portugal and 398s!
1.9+ 1.9 ppb respectively) compared to other remote sitesfor continental—-north), indicating that Huelva sources play a
in Europe like Hohenpeil3enberg during this time of yearsmaller role than long-range transported species for OH reac-
(3.6 0.3 ppb NG, Gilge et al., 2010). The NO levels are tivity. Air masses from the Seville—Guadalquivir sector also
close to zero during the night-time, due to titration witg O show generally lower OH reactivities (208 s~1) than con-
forming NO,. tinental air from northerly directions (3517 s°1). Marine

During night-time, the highest NOnixing ratios were ob-  air shows by far the lowest OH reactivities (£2.8s1).
served in air from the continental—north, indicating impor- This is consistent with results obtained by Sinha et al. (2012),
tant sources to the north of El Arenosillo, likely from the which also show highest values for Continental air and low-
industrial emissions. Hourly time-of-day average NO mix- est values for marine air. They used a less restrictive clas-
ing ratios exceeded 4 ppb and were observed in air from theification with only three sectors; these include data points
Huelva—Portugal sector. A rapid increase is observed in thevhich we reject due to possible mixing of air from different
early morning, when the daily maximum is reached, coincid-sectors. Thus their diel profiles differ from the ones shown
ing with the maximum mixing ratios of 9 ppb NQlikely due here. Even so their conclusions are consistent with ours, sup-
to accumulation in the stable nocturnal residual layer, mixingporting the validity of their approach.

T T T T T T T
300 600 900 1200 1500 1800 2100

s
e
o
2
o
s
&
2

Atmos. Chem. Phys., 14, 2323342 2014 www.atmos-chem-phys.net/14/2325/2014/



J. A. Adame et al.: Meteorology during the DOMINO campaign 2337

Although an overview of the VOC measurements during Additionally, high particle concentration levels of As and
the campaign was published by Song et al. (2011), in thisCu were found in comparison to those at other sampling sites
work benzene and isoprene have been selected as represén-southern Spain. However, even with the unusual contri-
tative of anthropogenic (urban-industrial emissions) and bio-bution from the Huelva—Portugal sector that occurred during
genic VOCs respectively. Benzene was measured with an awhe DOMINO campaign, As and Cu concentrations are lower
erage mixing ratio of 173 285 ppt during the campaign and than and similar to, respectively, the annual mean measured
maximum and minimum mixing ratios of 3461 and 12 ppt. in this area in previous studies (De la Rosa et al., 2010). Ar-
Isoprene displayed a mean mixing ratio of#37 ppt, and  senic levels presented a high correlation with Pk-(0.93),
maximum and minimum values of 137 and 2 ppt respec-Cu (- = 0.86), Cd ¢ = 0.87) and a moderate correlation with
tively. Both benzene and isoprene were strongly affected byP (- = 0.70) and Sex = 0.65).
air mass origin. As VOC mixing ratios are generally low In order to perform a study for the different sectors of air
in marine air, little isoprene and benzene were found inmass origin defined above, clustering of the data for mass
air from this sector, Benzene in air coming from Huelva— concentration and chemical composition has been carried
Portugal sector with 244 262 ppb in average is about dou- out. For each filter, the fraction of time with air masses com-
ble and much more variable than in air from the continental-ing from each sector was calculated. If the fraction for a given
north (108t 71 ppb in average) and Seville—Guadalquivir sector was higher than 60 %, the sampled filter was consid-
(108+ 31 ppb), being the Huelva—Portugal sector being theered as representative of this sector.
main source of this emission. Isoprene (biogenic) has a max- Applying this methodology, two filters were considered as
imum in the afternoon, due to the diurnal cycle of biogenic representative of the Huelva—Portugal sector, measured on
emissions. The highest isoprene mixing ratios were observe@4 November and 8 December; one filter corresponding to
in air from the continental-north (the main source of bio- continental-north, measured on 22 November; one filter as
genic emissions, with 2& 31 ppb in average), while the belonging to the Seville—Guadalquivir sector, measured on
afternoon maximum in Seville—Guadalquivir air was much 26 November; and one representative of the marine sector,
smaller (14+ 10 ppb), and no significant diurnal variation measured on 7 December. Table 5 shows the daily levels of
was found in the Huelva—Portugal sector (48 ppb). This  PMjg, PM25, PM1g_25 and major and trace elements com-
indicates a larger role of biogenic VOCs for OH reactivity ponents for PMg by sectors.
than from recent anthropogenic VOC emissions. Mean PMg concentrations ranged from 5 ugf(for the

Aerosol chemical composition was analysed thanks toSeville—Guadalquivir sector) to 22 ugt (for the Huelva—
samples collected on filters each 24 h. Laboratory analysi$ortugal sector) and equivalent results have been found for
was used to obtain the daily levels of PMPMy 5, PMig_25 PM25. The high PMg and PM s concentrations in the
and the major and trace element components fogfteka-  Huelva sector are most likely due to the particle contribu-
sured during DOMINO. Table 5 gives the mean values, stantions of the industrial activities around Huelva City.
dard deviations and maximum and minimum daily values for Natural crustal elements (Fe, Mn and Si) from the ground
each parameter. A particle-size prevalence was not observetere detected mostly for the continental-north and Seville—
given that mean Pl was 55 % of the mean P}y fraction Guadalquivir sectors due to the continental influence (Kothai
(16 pg n 3 for PMyg and 9 pg ne for PMy5). These results et al., 2011), while the highest values of Na and K were de-
agree with the ranges of mean annual values across Spanisécted in air from the marine sector.
background sites for Pi and PM s, though it is lower than The group of trace elements which are considered to be
mean annual values for southern Spain (Querol et al., 2002nain components of natural marine emissions in the gas-
2008; Sanchez de la Campa et al., 2009). This is related tphase (e.g. S and As) and sea-salt particles have been found
the season when the DOMINO campaign took place, withoutmainly in air from the marine sector (e.g. Cu, Ni, Pb and Zn).
impact of desert dust aerosol which usually increasegoPM
and PM s levels across the south of Spain.

Analyses of concentrations of major components highlight
Na and K since they exhibit the highest levels in compari-4 Discussion
son to previous analysis in the south of Spain (De la Rosa et
al., 2010) — 2.66 ug ? and 1.08 pg m?, respectively. Both  Derived from a study of the weather conditions during the
components show a moderate correlation with Zn concentracampaign, using observational data (from the surface, ele-
tions (- = 0.54 and 0.60 respectively), which could be due vated height and soundings) and modelling tools to calculate
to the presence of marine air masses during DOMINO cam+the air masses back trajectories as well as a land use map, we
paign. are able to distinguish four sectors of air mass origin with dis-

The potassium compound could be also related to the intinct sources: Huelva—Portugal, continental-north, Seville—
dustrial activities around Huelva city. Fe, Si and Mn are nat-Guadalquivir and marine. Together with an overview of the
ural crustal elements associated with continental air masseschemical species for the entire campaign, the analysis of the

different air masses according to their sector of origin is of
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special interest, evidencing distinct atmospheric and chemi©OH reactivity and benzene (daily peak) was detected while

cal features. the total particle concentration remained low.
The chemical composition indicates metallurgical activi-
4.1 Huelva—Portugal sector ties for Cu production (mainly As, Cd, Cu, Zn, Ni and Pb),

a power plant (mainly As, Cd, Ni and Zn) and industrial ac-

Air masses from the urban-industrial area of Huelva, whichtivities based on the production of phosphate products and
came from the Atlantic Ocean and across the south of Portuphosphoric acid (mainly P). Also typical tracers of combus-
gal, were the most frequent during the campaign. Neverthetion emissions (S, V and Se) were observed (Grahame and
less, this air flow is unusual for this time of year. Air from this Hidy, 2004; Frossard et al., 2011).
sector showed the lowest temperatures both during day and Although air masses coming from the sector identified as
night, intermediate values of humidity (relative and specific), Huelva—Portugal can have contributions from Portugal or
and relatively constant wind speeds throughout the day, witteven the marine sector, this is not evident in our results.
a slight decrease in the afternoon. From midnight to sun-The elevated levels of species such a$ 300,, benzene,
rise inversion layers developed with similar intensity as intotal particle concentration, As, Cu, etc., recorded during
air from the Seville—Guadalquivir sector but lower than in air DOMINO under this atmospheric regime are clearly asso-
from the continental-north. Unstable conditions developedciated with the industrial emissions since the emission in-
during the approximately eight daylight hours, with a mix- ventory includes these same species. High local emissions,
ing layer height in the afternoon of around 1000 m. Theseat distances too short from the sources to produce signif-
atmospheric features are associated with both maritime an@tant dispersion or elimination, combined with the atmo-
continental influences. spheric neutral-stable conditions are the main factors lead-

From midnight to sunrise, under more stable atmospheridng to these elevated concentrations. In addition, the highest
conditions, horizontal transport from the Huelva industrial PM;g and PMg_2 5 concentrations are found in this sector,
area reached the measurement area in less than 3 h. The wiadi21.9 ug m? and 10.5 pg m3, respectively.
speed of~ 2.5ms ! and the distance of 25 km favour the ar-
rival of the air pollutants before they are removed by chemi-4.2 Continental-north sector
cal or deposition processes. Under these air flows and during
this nocturnal period, the highest mixing ratios of benzene Air reaching El Arenosillo from the continental-north sector
SO, and NQ, and the lowest of ozone were measured. Theis not affected by the urban-industrial area of Huelva. The
sunrise brings the breaking of the inversion layer and the forstructure of the lower atmosphere is strongly affected by the
mation of the mixing layer. Between 08:00 to 10:00 UTC a thermal contrast between day and night, showing a structure
marked decrease in the values of ozone and OH reactivityypical of the PBL (planet boundary layer). The daily temper-
was observed, while SQOtotal particles concentrations, NO, ature cycles are very marked with thermal amplitudes of up
NO, and benzene exhibited daily peaks. The values meato 8°C; the humidity levels are the lowest together with those
sured can have a double origin: fresh emissions released 2in the Seville—Guadalquivir air. During the night the highest
before by the industry and transported horizontally in the stillthermal inversions of the whole campaign where observed,
shallow and undiluted boundary layer, together with agedlikewise, under unstable vertical conditions during daytime,
emissions accumulated in upper residual layers being mixedhe mixing layer height in the afternoon was close to 1000 m,
down as the night-time inversion breaks up in the morning.similar to the Huelva—Portugal sector.
The large NO increase strongly suggests the first possibil- From midnight to sunrise generally low values of total par-
ity. Under unstable boundary layer conditions (i.e. duringticle concentration, N@ SO, and benzene were detected,
daytime) the highest values of the campaign for total par-whereas OH reactivity shows a decreasing trend. The noc-
ticle concentration, NO, N@ SO, OH reactivity and ben-  turnal ozone under these conditions is constant at high lev-
zene were found. The air pollutants emitted in the industrialels, lower only than ozone from the marine sector, due to
area reached El Arenosillo in less than 3 h. Ozone mixingthe strong thermal inversion and the relatively absence of
ratios were similar to those in air from other sectors. Iso-low anthropogenic emissions. After sunrise, between 09:00
prene values were more or less constant throughout the datyp 10:00 UTC, the nocturnal stable boundary layer breaks up
with maximum mixing ratios <20 ppt. Between Huelva and and an increase of ozone, NO, benzene, isoprene and even
El Arenosillo there are many agroforestry and cultivated ar-the total particle concentration are observed. In this sector
eas, coniferous and Mediterranean forest being irrelevant inthe emission sources have mainly a biogenic origin. Accord-
comparison with other sectors. This explains the lower valuesng to our land use analysis, the main land use in the north
of isoprene when wind came from this sector. of El Arenosillo is natural and semi-natural vegetation. Wide

In the last hours of the day, between 20:00 and midnight,extents of transitional woodland shrubs and coniferous for-
under stable-neutral conditions and a slight increase in thest play an important role in the dynamics of biogenic emis-
wind speed (i.e. favouring the air pollutant accumulation sions in the vicinity of sampling site, particularly in sum-
close to the ground), arise of ozone, NGO, (daily peak),  mer. Possible anthropogenic sources which could affect air
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from this sector are the Huelva—Seville motorway and a ce-Seville—-Guadalquivir sector has travelled through industrial-
ment industry located at a 30 km distance from the measuredrban and biogenic emissions sources.
ment area. Assuming that the particles origin was the anthro- These air masses present a clear continental influence,
pogenic emissions and using the wind speeds recorded, theharacterized by diurnal heating and nocturnal cooling, with
emissions would have occurred 3 h before (around 06:00 anthe highest temperatures and thermal amplitudes observed
08:00 UTC). However, during the night and under the sameduring the campaign as well as the lowest values of humid-
conditions of horizontal transport, much lower mixing ra- ity. Mixing layer heights in the afternoon reachedl500 m.
tios were measured; hence is unlikely that these are the maiBespite development of stable nocturnal boundary layers for
sources of the morning increase. Like for the air coming fromup to 12 h, the differences observed in the potential tempera-
Huelva and under the influence of even stronger nocturnature between 10 and 50 m were not high and similar to those
atmospheric stability, residual layers developed which wereobserved in air from the Huelva—Portugal sector. The highest
mixed into the boundary layer in the early morning, leading wind speed was recorded in air from this sector likely due to
to an increase of aged air pollutants and particles at groundhe channelling effect of the Guadalquivir valley. OH reactiv-
level. This is also supported by the isoprene increase, sincéy was highest during night-time, which could be attributed
the first peak in isoprene occurred too close to sunrise for theo the nocturnal atmospheric stability favouring horizontal
vegetation emitting isoprene to triple the concentrations ofadvection, whereas unstable conditions inhibit the horizon-
the previous hours. The increase of the total particle concental transport and have lower wind speeds.
tration could be due to new particle formation by photochem- SO, shows low levels, and neither major nor trace par-
ical reactions of precursor gases such as isoprene. Betweditle components such as K, Na, As, Cd, Co, Sc and Se
10:00 and 11:00 UTC particle concentrations decrease, likelyvere measured in air from this sector, thereupon Seville
due to dilution in an increasing mixing layer, until around industrial-urban emissions of these substances did not reach
12:00 UTC, when the total particle concentration increase<l Arenosillo. In nocturnal stable conditions the values of
and is again dominated by nucleation events. O3, total particles concentration, benzene and isoprene did
In the afternoon, starting around 14:00 UTC, N&hd OH  not change. An increase in the wind speed over the night, i.e.
reactivity increase again. The continuing low values 06 SO under suitable dispersion conditions, did not produce varia-
indicate that in air from this sector the influence of the local tions in these species.
urban-industrial area is minimal. In the early morning, around 09:00 to 11:00 UTC, the mix-
After 17:00 UTC, a strong inversion layer rapidly devel- ing processes started leading to increases in observed ozone,
oped; this was associated with an increase in the horizontaNOy and also isoprene. This increment could be mostly due
advection. From this time to midnight daily maxima of NO to the vertical transport of aged emissions from the resid-
benzene and isoprene appeared. Isoprene emitted by biogenial layer; SQ and total particle concentration remained con-
sources located 70—80 km away from the sampling site in thestant. In the afternoon, 14:00-16:00 UTC, with temperatures
early afternoon reaches the site 8 h later. The Natural Parkip to 16°C and a well established mixing layer, ozone and
of Sierra de Aracena is an important site of natural vegetaNO, reach the daily maximum; isoprene follows an increas-
tion, with holm- and cork-oak trees, potential sources of ter-ing trend. Taking into account the wind speed, the species
penes, widely spread in this park. Therefore, the species ofmeasured at El Arenosillo at this time needed 8h to travel
biogenic origin are likely emitted at distances of 70—80 km, from Seville, i.e. they would have been in the metropolitan
while anthropogenic species may have their origin at closerarea at around 06:00—08:00 UTC. Assuming that the photo-
sources around 30 km away being accumulated in the nocturchemical activity started- 10:00 UTC and using the wind
nal boundary layer. speed recorded at this time, the isoprene emissions would
Fe, Mn and Si reached higher levels than in air from otherhave started 35km away from El Arenosillo where conifer-
sectors since these compounds are natural crustal elemertsis forests are widely spread in the Dofiana National Park in
from the ground. Similar levels were also measured in airthe direction of Seville. Ozone could be formed from NO
from the Seville-Guadalquivir sector. On the other hand, thisemitted in Seville; however, mixing ratios at El Arenosillo
sector shows the absence of K, Na, As, Cd, Co, Sc, Se andre not higher than in air from other sectors, thus secondary

Zn. production of ozone in this season is not enhanced by Seville
urban emissions. Around 17:00-18:00 UTC the ground starts
4.3 Seville-Guadalquivir sector to cool and the inversion layer begins to develop. Simultane-

ously an increase in the benzene, isoprene and total particle
The city of Seville is the most populated urban area in theconcentrations was observed, likely due to less dilution in the
south of Spain and air from the Seville-Guadalquivir sec-shallowing mixing layer.
tor is likely to carry emissions from Seville. Before arriv-  Between 18:00 and 21:00 UTC the wind speed increased,
ing in Seville, the air masses are likely to move along thewhile the difference of potential temperature showed the de-
Guadalquivir valley. From Seville to El Arenosillo the air velopment of an intense inversion layer. Associated with
crosses the Dofiana National Park. Accordingly, air from thethe atmospheric stability, some chemical species may have
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accumulated in this air mass close to the ground duringthe ocean reaching the measurement area through the ma-

a longer time period, transporting pollutants from sourcesrine boundary layer. In order to follow the long-range trans-

further away than Seville without mixing with higher air port under these conditions, back trajectories for the previ-

masses. The wind speed at this time wems 1, i.e. trans-  ous 10 days (data not shown) have been computed. The air

port from Seville needed 7 h assuming a constant velocityhad its origin in latitudes higher than 68, moving over the

The peaks in NQand ozone must be therefore due to a peakNorth Atlantic from N to S between two low pressure sys-

in NOyx emissions in Seville in the early afternoon, which tems located to the north and south of the British isles and a

seems unlikely since the peak of urban NE@missions is  high pressure system located in the west at latitudes 45

usually during rush hours in the morning and evening, or toTherefore, measurements from the marine sector typically re-

sources closer to the site. flect long-range transport of clean atmospheric background
On the other hand, the lowest Riyand PMg_25 concen-  air.

trations are also found in air from this sector with 4.9 pgPm

and 1.4 pgm?3, respectively. Even though only one filter is

available for this sector, this result is further supported by

the fact that total particle number (measured with a 10min5 Conclusions

resolution) was also lowest for this sector (see Fig. 7), with

the sole exception of marine air, for which higher amounts of The main goal of this work was to investigate the weather

large particles but low levels of small particles are to be ex-conditions, emission sources and land uses during the

pected. The main chemical compounds were Fe, Mn and SIDOMINO campaign,in order to identify distinct air masses

as was presented previously in the continental-north sectoof different origins, and to analyse trace gases and particles

since they are natural crustal elements from the ground.  in these air masses, in the southwest of the Iberian Peninsula
during late autumn, when heat-driven turbulence and mixing
4.4 Marine sector of air masses are much less predominant than in summer-

time. The Mediterranean climate and a moderate solar radia-

Air from the Atlantic sector is observed at the site with a tion still allow a relatively high rate of photochemical activ-
high frequency throughout the year, and also occurred durity compared to the rest of Europe. Coniferous and Mediter-
ing the campaign. As was expected, the highest relative andanean forests in the surroundings of the sampling site are not
specific humidity were encountered in air from this sector, covered by snow. The site is also close to the Atlantic Ocean.
as well as the lowest values for wind speed and the high-Therefore, a range of primary and secondary species of di-
est temperature, although the daily amplitude was minimalyverse origins could be used for our study. Distinct air mass
The diurnal variability of the difference of potential tempera- characteristics dependent on the origin of the air measured
tures showed values close to zero, i.e. neutral conditions, andt El Arenosillo station were classified into four sectors of
the mixing layer height is the lowest, with 150-300 m in the air mass origin with distinct emissions of anthropogenic ur-
afternoon, characteristic of a marine boundary layer. The traban and industrial as well as biogenic sources. The influence
jectories calculated for 100 m altitude are close to the oceamf boundary layer conditions under continental and marine
surface without experiencing much vertical mixing. influences was also taken into account in order to analyse

Atlantic air masses transported little primary pollution, the measured mixing ratios of primary and secondary gas-
and the lowest levels of all the species analysed with thephase pollutants and particles. Though the site is complex
exception of ozone were observed in air from this sector.and many parameters interact with each other to influence
It is well know that ocean is not a source of §hen- the measured mixing ratios and concentrations, the use of
zene, isoprene or NfY however, measurable concentrations land use maps together with back-trajectory calculations has
of these species were found. These substances (except ispermitted us to identify air masses with distinct chemistry
prene, which was below 5 ppt) are likely associated with mar-and to discuss anthropogenic as well as biogenic emissions
itime traffic with arriving and departing from the Huelva port. and their effect on the local composition of the air. Bio-
According to the emission inventory, an emission by ships ofgenic species in late autumn play a minor role in southern
243 and 330ton yr! for SO, and NG occurs. Spain, though they are still present in measurable concen-

Concentrations of trace components such as S, As, Cu, Nitrations. Long-range transport of anthropogenic as well as
Pb and Zn are typical for marine air. And major sea salt com-biogenic pollutants has measurable effects on local chem-
ponents like Na are only observed within this sector while K istry. This is especially evident for trace gases such ag SO
reached its highest levels. which varies from an average of 0.1-0.5 ppb in air coming

Under this atmospheric pattern the highest ozone mixingirom the Seville—~Guadalquivir valley, the marine and conti-
ratios of the campaign have been observed, between 35 toental sectors to 2.5 ppb in air passing the Huelva area; also
40 ppb throughout the day. There is no diurnal formation orfor NO, with a variation from 0.7 ppb in air coming from
nocturnal destruction; it is aged ozone with origin probably the Marine, 1.6—1.8 ppb from the Seville—Guadalquivir and
associated with long-range transport which has travelled ovecontinental to the 2.3 ppb in the air of the Huelva—Portugal
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sector. Particle composition even allows the identification ofDiesch, J.-M., Drewnick, F., Zorn, S. R., von der Weiden-
industrial sources at a distance of several tens of kilometres. Reinmiiller, S.-L., Martinez, M., and Borrmann, S.: Variability of
This study illustrates the importance of both chemistry and aerosol, gaseous pollutants and meteorological characteristics as-
dynamics for the atmospheric composition of a rural site sur- sociatgd with changes in air mass origin at the SW Atlantic coast
rounded by sources of diverse nature, as are most rural sites, of I€ria, Atmos. Chem. Phys., 12, 37613782, Hi5194/acp-

. . . 12-3761-20122012.
It is also meant to be a reference for all future studies with o .
. Draxler, R. R. and Rolph, G. D.: HYSPLIT (HYbrid Single-Particle
the data from the DOMINO campaign. raxter, and =op ( 9

Lagrangian Integrated Trajectory) Model access via NOAA ARL
READY Website, http://ready.arl.noaa.gov/HYSPLIT.ph(ast

) ) access: March 2014), NOAA Air Resources Laboratory, Silver
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