[}

9

10

16
17
18
19

[SE T (SR (S H (O N
h P (%] (0] —_

On the sub-micron aerosol size distribution in a coastal-

rural site at El Arenosillo Station (SW — Spain)

Mar Sorribas', Benito A. de la Morena', Birgit Wehner?, Juan F. Lépez', Natalia

Prats®’, Sandra Mogo®, Alfred Wiedensohler? and Victoria E. Cachorro®

[1] {"El Arenosillo® - Atmospheric Sounding Station, Atmospheric Research and

Instrumentation Branch, INTA, Mazagén—Huelva, Spain}
[2] {Leibniz-Institute for Tropospheric Research, Leipzig, Germany }
[3] { Atmospheric Optics Group, University of Valladolid, Valladolid, Spain}

[4] {Department of Physics, University of Beira Interior, Covilhi, Portugal }

Correspondence to: M. Sorribas (sorribasmm @inta.es)

* Now at: Meteorological State Agency, AEMET. Canary Island, Spain

Abstract

This study is focused on the analysis of the sub-micron aerosol characteristics at rural and
coastal environment in Southwestern Spain. Particle number size distributions were measured
in the size range (14-673) nm using a Scanning Mobility Particle Sizer (SMPS, Model 3936 -
TSI), from I35 July 2004 to 31 July 2006 at El Arenosillo Station. Mean total concentration
was 8660 cm™ and mean concentrations for the nucleration, Aitken and accumulation modes
particles were 2830 cm™, 4110 ecm™ and 1720 cm”, respectively. Mean geometric diameters
AT
of the four modes particles, which characterized the mean size distribution per month, were
uboutwlﬁ nm, 42 nm, 103 nm and 237 nm. Two kinds of episodes produced a maximum of the
total concentration around noon: the’ new particle formation and €% regional recirculation
such as the sea — land breeze. Two types of nucleation events (called N, and N>) were
observed. Events N; were an example of the influence of regional sources and Events N,
showed the weight of local industries over the rural and coastal background levels. Fie=60%

of nucleation events were related to NE and NW wind sectors (N, and N> respectively), a AT

higher than 12 °C, a wind speed higher than 2.3 m s and a total surface area for the
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accumulation mode particles below of 11190 pum™cm . Lhe influence ol the sea — land breeze
Fou\fwmy we P .
processes has been analyzed, ob increases of up to 50%, 110% and 90% of the particle
concentration for the nucleation, Aitken and accumulation modes. Annual evolution of
5.9 gaﬂ M emavsron ) _ A
monthly averages allowed to—conclude- that the increase or decrease of I cm™ of the
concentration for nucleation mode particles was related romoleposne trend of 0.5 cm™ of the-
AN
concentration for accumulation mode. This anti-correlation produced a weak seasonal

evolution of the total particle concentration.

1 Introduction

The atmospheric aerosol plays an important role in g)gglobal understanding and regional
climatic behaviour through their direct and indirect effects. According to Charlson and
Wigley (1994), the concentration of natural acrosol has remained roughly the same since the
industrial revolution, but human activity has increased the concentration of anthropogenic
aerosol. The report of the International Panel of Climate Change (IPCC, 2007) claims that the
effect of anthropogenic aerosol is uncertain\]y\ concerning their influence on the climate
change. The direct effect of aerosol particles on climate is related to their absorption and
scattering of solar radiation. The ratio of the scattering to the extinction coefﬁcien{léldescribes
the single scattering albedo and thus the influence of the aerosols on the radiation balance of
the atmosphere (Takemura et al., 2002). The indirect mechanisms show the importance of the
submicrometer particles as a potential source of cloud condensation nuclei (CCN), (Charlson

et al. 1987).

During the last decade, the particle number size distribution has been measured in many
places around the world (Heintzenberg et al., 2000: Kulmala et al., 2004) under different
atmospheric conditions. Those measurements have been taken on different platforms (ground,
ships or aircraft) and during short periods of time such as campaigns (Antilla et al., 2005:
Dingenen et al., 2005; Mahajan et al., 2010), or long-term monitoring (Birmili et al., 2003;
Tunved et al.. 2003; Venzac et al., 2009). In this context, continuous background aerosol
monitoring has been performed since 1996 at ‘El Arenosillo’- Atmotheric,,fSoundino. Station,
which is located in the southwest coast and rural area of Spain. To‘%m the efforts
were focused% chamcteriz]ltion of the aerosol optical properties by means of remote

sensing methods, using spectrofradiometer and photometric measurements, (Vergaz et al.,
[
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Z0UD; 1oledano et al., ZUU/a; 10ledano et al., ZUU /b, LACNOITO € al., ZUUS; Frats et al., ZUuUs).
NOW Lz Yy ™~— N
In order to quantify the me’rdence_of the tropospheric aerosol exex columnar aerosol, in-situ
monitoring of particle number size distribution was started in 2004. This paper presents the
Prepen .. =
first CODE]L!ST’QQS_O this aerosol Vaﬁ/-ﬁaif:j within this framework. PMI10 and PM2.5 mass
concentrations have been widely analyzed in this area (Querol et al., 2004; 2008; Sanchez de

la Campa et al., 2009) but there are not studies of the particle number size distributions.

This paper has the following sections: first, the area of study, the sampling station and the
aerosol instrumentation, including its intercomparison with a GAW standard, are presented.
tggi'f/the resulg and discussion section, a statistical analysis of the size distribution over the
course of two years is investigated, by means of the diurnal, seasonal and annual cycles of the .
total and modal concentration. Th® Manual inspection of this evolution has evinced they
-presence ofrepresentative episodes with high particle concentration such as the new particle
formation and the particle accumulation during sea-land breeze days, whose main
characteristics are presented in terms of meteorological and aerosol physical parameters. This |

analysis is going to achieve thé\objectwe of this paper, since aerosol sources in a rural and |

N

coastal area such as the bfu_l\cn ound envnérkmcnt of Donana National Park will be assessed J

& ;“ { ‘LL\

Moreover, it will allow E@quaﬂﬂ-ﬁy—khe mfluenc&of urban areas on the background momtmed

ralues. \ ’7
' whok wo (_(, cove

2 Site, measurements and methods

2.1 Sampling station site RN o ¥oa \
LU”( W ) ‘_)k - L
‘El Arenosillo” - Atmospheric Sounding Station is a platform to mvestlgate some toplcs &bem
\\,U
atmospheric sciences. One of the main research subjects at this station is the surface and
‘\/’” (22
1emote‘fsensmﬁ‘ acrosol stmdy: from particulate mass levels (gravimetric) and chemical

composition (Sanchez de la Campa et al., 2009), micrometer and sub-micrometer particle
number size distributions (Sorribas, 2008) and integrating scattering and absorbing
coefficients (Mogo et al., 2005; Mogo et al., 2010), to columnar aerosol physical and radiative

e i o 5

properties (Toledano et al., 2007a). This station waé equipped with instrumentation to

measure other different atmospheric parameters, such as stratospheric ozone and UV solar
o v "v\ \Jv U-\.LA/\ k= e A ) . -
radiation toget on biological ecosystem, a resently rs—atso-eapable—
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YU -Eo—MoOnITor \gaseous pollutant concentrauons (Us, NU2 dand NUy) and meteorological

91 parametersCaV¥. <= Ldj D WAT Y\,\/&ﬁ) e o/

s
Lia s ove
92  Thg obzzcrvutory is located at the/lf{l ovince of Huelva (37.1°N, 6.7°W, 40 m a.s.1.), armeng_.t_lle
e\ %\t @ amA Clse [ Hb
93 Atlantic Ocean, Mediterranean Sea and North African, (see Fig. 1). It is situated z’f a rural

04  protected environment, (Dofana National Park), which covers an extensive area with a

: . B
95  homogeneous Mediterranean pine forest, and a coastal area at the south-west where the )
AT

96  Atlantic Ocean seashore is at a distance les:, than 1 l\m jhe nearest populatlon 1s a small
' . The biagest-and ¢ oscsl—pepm&uon is the
98  City of Huelva (160.000 inhabitants) g# 35 km to the northwest. Emissions from industrial

97  village, named Mazagdn, about 8 km v Ve

99  areas around Huelva could contribute to increase the background levels at the measured site

100 “for no?'thwest winds.

101  The main acrosol types present at El Arenosillo Station are coastal marine, continental and

102 descu dust. Air mass back trajectories with starting heights of ‘300 m a.s.l.,, were used to
g \-’," (7 ‘"D l lfL Un# /"';-.:\.f‘\_‘uf ¢ -.,l\\m. ITIEL

103 ‘ﬁﬁaTygc the acrosol character and show’éd that the ‘Mmaih cempemm- ts-represented-by the -

104 coastal marine conditiens, which present 44% of cases followed by continental ‘texosol air
LS LA

105 masses with an occurrence of 38% and finally desert dust air masses, that have a-retevant
106 frequency of 18% of data (Toledano, 2005). M&m‘@scrt dust events are more frequent
107  during February-March and summer months (Toled’mo et al., 2007b; Prats et al., 2008;

o7
108  Cérdoba-Jabonero et al., 2010). Feu ¢/ ) i

AN

bl
109  The wind rose ia the period (15/07/04 — 31/07/06) is presented in Fig. 1. The winds blew™
(g \-W;T Lpvamng —
110 preferably from NE and SW, indicating air came perpendicular to the Atlantic coast line. It is

111 seen the influence of atmospheric processes, such as the sea-land breeze“,}“gnore common in
112 spring and summer time with an occurrence probability of 30% in May and a maximum of
113 70% in August (Adame et al., 2008). Because of the sampling area is very flat, they can be
114 considered as a mesoscale phenomenon. Eurthemmere, Winds from Huelva City (NW) and its

115  surroundings could be observed with lower occurrence. |
e Q_;/\‘;\/b Tz c;l-'l/ﬂ,lf\f“&’
116 “Abour the main meteorological characteristics, the average ambient temperature oscillated

117 between 26°C in August and 12°C in January (annual average = 19°C). Wind speed ranges}\
118  from less than 2.5 ms™ in June to as high as 3.2 ms™ in December (annual average = 3 ms™)

119 (Adame et al., 2008).

120 2.2 Scanning Mobility Particle Spectrometer intercomparison



121 1he ary ampient sub-miCron particle NUMbEr size disiribulion was monitored with a 151
122 Scanning Mobility Particle Sizer (Knutson and Whitby, 1975). In order to assess the quality
123 of the measurements, an intercomparison of our system was ca?led out in the WCCAP
124 (World Calibration Center for Physical Aerosol RCSGdlCh) in Leipzig (Germany). Ellﬁis—-
125  -lastrtate $1tT7 is endorsed by the WMO within the framework of the GAW programme and it
126 has designed a C‘111l=31.‘1t10n B'Oﬂlﬂl‘l—]——j_gl maintaining and comparing the'.ﬁéa:;iu%meﬁt—

()s.\,pbl-
127 msttumentatlon In thrsmsn,,gnm the limitations of our system were analyzed ﬁ\r

128 —aim_to perform a correct interpretation of the results. It was achiev an

129 intercomparison campaign held at the IfT from 8§ to 10 December 2003. Some instrumental
130 restrictions are the low efficiency for measuring the nucleation and Aitken modes due to the

131  losses in the DMA inlet (Birmili et al., 1997) and in the CPC (Su et al., 1990).

132 The instrument oftheH¥ was a DMPS (Differential Mobility Particle Sizer), which is capablfm
133 to measure the particle mobility diameter in the range of 7-400 nm. In the Electrostatic
134 Classifier, the aerosols pass through a Kr-85 Bipolar Charger and a DMA type short-Hauke
135  with a central electrode which length is 18 cm. The CPC Model used was the 3010 of TSI.

136 The aerosol and sheath flows were 1.0 1 min™ and 10 1 min' respectively.

137  The SMPS of El Arenosillo (TSI Model 3936) is made up of a differential particle size
138 classifier (TSI Model 3080, Electrostatic Classifier), a Condensation Particle Counter (TSI

139 Model 3022A) for particle detection and the AIM software (version 4.3, TSI INC., St. Paul., U‘”‘}g
L,J"n/%‘-;

140 MN, USA) for data reduction and analysis of the SMPS output. The polydisperse aerosol flow

. - . - . . . g . C7
141 was 0.3 I min™' and the sheath flow was 3 Imin"', which was dried with silica gel in a closed

142 loop.

143 Both spectrometers were connected to the same sampling system of atmospheric aerosol.
144 Then, both nstruments characterized the same air volume and the losses in the inlet and
145 transport lines were the same. The measurements were carried out simultaneously every four

146 minutes.

147 Hourly averages were calculated using both measurements and the DMPS - IfT size

148 distributions were calculated in the SMPS - El Arenosillo diameters. The correction factor
149 (CF) was calculated using the ratio of the same hourly averages of particle size distribution

150 given by the SMPS - El Arenosillo and the DMPS - IfT, Eq. (1).

] dN; /dlog D, (EIAr enosillo)
151 Correction Factor (D;) = o
dN, /d1 lmT D, (IFT)

(1)
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In £q. (1) e alameter aependaence ol tnis 1actor 1s observed. 1nis Lk allowed 1o make up 1or
the losses that appeared in the SMPS, assuming as ideal instrument the characteristics of the
DMPS of IfT. Fig. 2 shows the CF average and its standard deviation. For diameters smaller
than 70 nm, a decrease in SMPS efficiency was observed, with a value of 50% in 20 nm. CF
was 1 for particle sizes greater than 70 nm. Using this correction factor a good coincidence

between both systems was observed.

2.3 Dataset

The surface aerosol measurements were carried out in a little home-laboratory, 75 m from the
main building. The inlet was placed at 3 m above the forest and about § m above ground
level. The aerosol sampling was obtained following the recommendations of Sheridan et al.,
(2001) with a flow rate of 330 Imin" and Reynolds Number (Re) 9100, using a vertical
stainless steel tube (48 cm inner diameter and 550 cm length). @i\lgg—: ltl{")e was placed

concentrically around the inner tube (I c¢cm inner diameter and 120 cm length), which

: : A7 : .
introduced the sampling aerosol in the home-laboratory with a broad curve into the flow

./\'\!‘M‘\ ] . . s i
splitter. In this tube, the flow rate was 13.3 Imin” and Re 1820. A conductive flexible_tube “f"“f e
Q\’VM §Ft1}&7’\
with 0.6 cm mner diameter conneeted-to-the-How-sphtter transported the acrosol flow @p to
the SMPS instrument. Sampling system efficiency was calculated according to Willeke and
(=8>
Baron (1993) tesultmo an efficiency close to 85% for 16.5 nm particles. Sampling -effeets £
‘\C_.. L)u\,,u\ A ool A K ()Cu" < 7

were corrected for dmu processing.

The sub-micron particle number size distributions were measured continuously with a time
resolution of 10 min from 15 July 2004 to 31 July 2006. During this period there was one

longer gap, from 25 July to 11 October 2005, due to some instrumenl tion failures. The

= DS

\wat & & .
SMPS was operational, or, 604 days (83%) and its maintenance was *‘re}e according to the e foxg plses
8 D MLL PE L s N '
standard procedures. The }eeuH;.)L-e\f DMA size selection was tested with BS th—d«l—ﬂ-l—liﬂ‘T r\/V\,(/\ an
size-resehution fower tham 29, ©C & oFas = M L s we wrille 2% 4 e,

8 s
All the spectra were checked to detect incorrect measurements and periods of rain influence. % ";“{““"b
WENEE: = 1

@’Q,// r&n}@e than 75000 valid size distributions were obtained. The monthly number of
measurements during the period of study is presented in Fig. 3, with about 3500-4000 spectra
per month. The data-were prepared—for—processmgusmg—dathy—fes. In this study, particle
numbe; size distributions were assumed to have a three modal structure: a nuclcation mode

14 30 nm an Aitken mode 30-100 nm and an accumulation mode, 100 673 nm '
L9

6

J Cang

4
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vieteorological parameters were obptained at U.> Kim soutnwester sampling site.

3 Result and discussion
» itm ‘4?{/\{ 1111(
31 Meatovals |lode Peseiphets 7 anend s
5\UJ (—,k{.l—l-\ ‘k ‘t(zz Mak"‘
<In om,.tg’sinmﬂhc\pa@e_mber size_distribution,. Table 1 presents the mean total

concentration (Nt) with 8660 ¢cm™ 3 and th&k@-m&ﬁﬁ%mwnﬁ%eﬁv&hé%ﬁ—em—ﬁdﬁﬁﬁ
el ¢ :-L-")
e respeetivety” The median value with 7090 c¢m™ rs—indicating that the most frequent !
) m —-6‘/\_\_59,4 Lo, v U}u—f\ 122 ;.L.S-{[ WS & ven
values were smaller than the mean total concentration. A—Heﬁhe{—d baseﬂeeefeled \H—th—t-he
\Jl/ L WAL V2 5 oo
same size range and in rural sites plesenteé'\mcan\,le&@ls such-as: 16300 cm™ in Pearl River ‘;

CO |
Delta (China) (Liu et al., 2008), 2210 ¢cm™ in Hyytidld Station in southern central lednd

(Laakso et al., 2003) and 9280 cm™ in Northern Italy (Ispra) (Rodriguez et al., 2005). m, ;

Vol ok
E—’e particle concentration at El Arenosillo was closer to the measured levels in rural areas, :’)%\ dé
S 3 oo

located to similar latitudes in Europe. ¢ 5. 1 M5
’n\e-vhﬁr

rg%ut modal concentrations, the mean values were 2830 cm” , 4110 cm™ and 1720 em™ fol me'-| "‘\

the nucleation (Nyuc), Aitken (Narr) and accumulation (Nacc) modes respectively, (see Table QS"’M %J‘h“
The oo L . wen [ wianagy
1). Standard deviation of Nyyc represented a variation of 100%, while Ny and Nace was sy ALM
e ] wb’\
higher than 65%. There is not a long-term monitoring of the aerosol particle size distribution ey,

conducted in rural arcas in Spain. But if levels at El Arenosillo Station were compared to
other rural sites in Europe, Nyuc was higher than those over continental area such as Northern

Italy (Rodnouez e‘tvz‘lL 2005) while it is lower than levels observed during spring time in

.
Hyytiila Stauon (Laakso et al., 2003). On the other hand, similar concentrations for three

modes were observed at the Melpitz Station. when air mass type was Southern continental

- / i 1 . 2
(Birmili et al., 2001). Lol comn™) - »,‘ft
- v ot

In Fig. 4a the relative occurrence frequency for mode diameter (size corresponding to

"fu W’l f\ULJ W s !%u“\m the Aata dhs oo ) VEMOES
maximum concentration) for }—hﬂtﬂ—é&t—c}-b‘is e is presented. l'n:tl:ns;#a'y the variability due to

Con

chanocjf@—t-he number density was—remeved and the shape of the mean distribution could be
analysed. The main features of @ Fig. 4a show a high variability of the mode diameter

within a wide range, 10.: 5— 142 nm, with tWo ma‘umums Of 22‘7( for 16.5 nm and 1% for

—e

69.8 nm. I\T was distributed around mean value of 8660 cm™ (see Table 1) g FIU —Lb shows,
Vi X —
J—fa'd-m'g the highqﬁcquencv WhKIS% at 6000 cm™, asd %heﬂs@)nly 1% of total

o

Was -
concentration above 24000 ¢cm™. 5 i'u,"(% h‘ \Q ™ y Le > {”0/0 glbox'e’ Z24cco
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1ne DIggest Torest nre of tne last aecade iy 1S tnc INOTTth OT Huelva Frovince, 1rrom 2/
v (

July to 4 August 2004. The smoke p]ume reached ijp El Arenosillo Station, adding fine

aerosol particles and affecting atmospheric conditions. During these days, the area also

suffered the most intense desert dust intrusion (22 July — 4 August), ever-registered during-the

tm Nw«*fﬂb C'—(_/ SN YRR

last years with modern photometric techniques (for details see Cachorro et al., 2008; Prats
}\é fj\j\c,l o aua T to

al., 2008). In this present study the union of these two events is I ‘mixed event’.

Unfortunately, problems occurred with the SMPS system during the period 24-27 July mfieﬂé_m S

impossible to realize a detailed analysis of grbeomnmc { e Mlovdoves

5

In order to understand the annual behaviour of the total and modal particle number
) ) ) . Lcmp:u-&\ o )
concentration and the impact of this special event -over mean values, Table | lists the

statistical parameters during the entire period of study and enly during the ‘mixed event’.
During this episode, mean total pm ticle number concentration was about 3.2 times higher than
re
g
that usually encountered and his maximum was more than +88660cr?. Clouble ~(he nom '*‘f,’:c X
In general, the particle emissions from forest fires are dominated by an accumulation mode,

(Niemi et al., 2004; Janhill et al., 2010) and occasionally also by a nucleation mode caused

%}' the gas-to-particle conversion of inorganic and organic species reteased during the plume

aging (Reid et al., 2005). In the ‘'mixed event’, the mean concentration for nucleation, Aitken

: _ _ L N
and accumulation modes increased by the factors of 4.7, 2.9 and 1.3 respectively amv 5
_ o Yefse fo atmes piIeesy,
nucleation rgo?e was the most influenced. Because @t ultrafine mode Lhanoes fast and is not ¢
jdle
transported in the atmosphere as far as accumulation mode particles, these results can also

DX mi
indicate the glgée{%\sgof the place where this event occurred (only 70 km away). The

S

frequency of some aerosol physical properties for the mixed event is clearly seen in Fig. 4b,

with ~30% of data below 9000 cm’® 3, and ~43% above 24000 ¢cm™. On the Fig.4a |.
ik 3 ot T S A W 5w dist Wl agt chan @ v@r wos P—-ﬁxﬁr siedy

shows'the highest incidence over the smallest diameters wuh ~40% for 16.5 nm. with Tbx ea@piom)
wd;h aVb\‘.QLn )1 ]i:/\hQ‘
IQLL‘(L'\ C-\l\ Mnes } (\U-Lt)

3.2. Monthly and seasonal total and modal concentrations o

wohat (S
The daily numb concenlratlon average was evaluated 1131 g the homly averages and the 75% /776 (C.
CPASIETIVE ceyS e 1dZ-R b 1y (@) ¢
uality criteria. F01 cmmple, a day that represénted a hlgh daily average value was 11 April

2005 with 16532 cm™, during which the presence of a nucleation event increased the
particulate levels at midday. The predominance of the accumulation mode during all day.
allowed to chosen the 20 January 2005 as example of a day with a similar concentration to the

mean level, with 7940 c¢m. Finally, 11 May 2005 was selected as representative of a low
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concentraunon, with Z>20 ¢m . During the day DErore, 1t was drizzlng and thus, ne daaily

concentration average during 11 May was representative of the wet deposition conditions.

Fig. 5 shows the monthly averages-of-the total 'm mod amcle number concentrations, /,,
P N 00. 1 medans ol measis /% LS\.&O
. 10" and 90 ILE‘,nllleS are indicated in subplots, showing a

—

calculated using daily average

high daily variability for the number concentration. The maximum was obtained in July 2006
with 11300 cm ™ and the minimum in January 2005 with 6830 cm™. The mean total and modal

concentrations are also represented (dashed grey line in Fig. 5 and also see Table I).

In Fig. 5b and 5d, the monthly Nyyc and Nycc are plotted and some periods are chosen to

CermPc ety hoo “")Ur les cerm
d.y_m_g)sw ¢ behaviour s (see grey areas). szm&hﬁms_é‘Jae
& ‘Loiﬂtcwt 5{‘{3 .
Periods A (January - March 2005) and B (April - June 2005) are—x-ep:—esemﬂu#eﬁra clear anti-
correlation between Nyuc and Nuce, observing an increase/decrease of Nyuc/Ds Wow (l;o
3 ‘bi'\"—" 5 i 3 y ¢/ /\
respectively during the Period A and gm opposite behaviour during the Period B. R A )
) Lol numlen}
p N
The Period A showed an increase of Nyuc with a rate of 570 ¢m™ mWse of aé\i %h\li\

\ Z
Nace w1th 230/cm month ™. Also 60% ’of the pa1t1cles in the nucleation mode grew to P@ma\ ol

Aitken size range, increasing Najr wnh a rate of 340 cm™ month™. This behaviour may be o< 5
mon

%’1

related to the new particle formation, a process which is promoted with a reduction of Nace

C
and an increase of Nyuc and N yt. as it has been observed. /

———

A—ﬂdﬁdilﬂo the Period B, Nxuc/Nace decreased/increased with a rate ohﬁ?O/bO cm” month™
(@ 'ﬂh‘z LO.AlL h2 Ay ke J
respectwely. t to the presence of large particles from desert dust air mass
and from an increase of atmospheric stagnation which resulted in an aerosol aging and
therefore an increase for Njcc. Higher Nace produced a large surface area concentration
which favoured the condensation of gases onto pre-existing particles and suppressed the new
particle formation (decreasing Nxyc). Both processes are present over the Iberian Peninsula
during the Period B and during spring-summer time in general (Toledano et al., 2007b;

Querol et al., 2008).

If the trends of \\U( and Nacce during the Periods A and B are compmed it 1s possible to

conclude that -t-he.ﬁecwasehncmase in the accumulation mode of 0.5 cm’J is related to an

TN - .
increase/decrease in the nucleation mode ow X‘tlt/"llzk Kmﬁej‘tﬂ"f fem
5’7\@/\

On the other_hand, the great v uabiht amon‘tgrtvl:& same months-tm several vea(:ui i‘;il}kll‘l e %‘Z"MV‘Q)
m awnount AyH ot o
c centration Qel-&ﬂeﬁs dlll\/\ ]ienod B and Period C

(April — June 2006) &virces. “st..%n April 2005 and 2006 there~Were™a mean values with
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P
dependence o% Nt with the season is a behaviour not observed in other rural background

4uU40 cm - oand Z/71U cm - (1.0 umes lOWBl) respec ]VC,ly [OT" Nyyce anda with 1220 ¢cm - and

3 5 o
1940 cm™ (1.6 times higher) for Nace. It ‘eaﬁ—be related to the trend toward rl-re-mtreﬁ:;}f of
#he desert dust episodes observed since 2002 (Toledano et al., 2007b). PomLuf\ ﬁﬂu Qﬁ"*

]
2 oo o Apik
From the % bt . a trend i (-A)NMT w1th a rate 1150

“Awas observed, such as the correlation line shows in Figure Sc. It is not possible to

- this behaviour, since 1t would take many more years wijth

Jaec I on ~{—€A m el
. The ‘mt}%j c%r%é&t—reﬂ—be{ d”letn—ﬂ.’j a -a-weak-annuaheyele 3f
) ._)LJ 7 w C vp\ e (T

e Woase wn M reed tp
& g N rm pnM‘V\&pﬂ\ g . The non-

areas, which usually shows a clear rxgcmwum duuno summer tlme (Laakso et gl., 2003; Styoi
REP WSe UM dus| eve: b €

et al., 2003; Venzac et al., 2009). In contnst 0thc1 in-sifu compounds such as tropospheric

ozone at El Arenosillo station exhibits an increase of 50% for its concentration from winter to

summer times, (Adame et al., 2010).

An often applied approach is the use of equations to describe the size distribution as separm]
modes, i.e., as lognormal aerosol size distribution. This technique was applied over the mean

size distribution per month which was lognormal fitted in four modes. The average geometric|

mean diameter (GMD) observed at El Arenosillo, was about 16 nm, 42 nm, 103 nm and 237
nm, respectively for the nucleation, Aitken, accumulation 1 and 2 modes. Typical continental
environments show normally only one accumulation mode which presents a GMD greater
than 150 nm (e.g. Birmili et al., 2001, Tunved et al., 2003: Venzac et al., 2009). This
accumulation 2 mode was made up to larger particles and it could be related to the presence of

the desert dust events over the Iberian Peninsula.

3.3. Diurnal evolution of the modal size ranges

The diurnal evolution of the total and the modal paiticle number concentrations were

calculated from hourly averages for each month. The(mean/diurnal cycles of Nr. 10™ and 90"

percentiles are indicated in Fig. 6a and of Nyuc, Nayr and Nace in Fig. 6b. Higher values for

{ ;
Nt were found during day time because of an increase F\;i}'NVL-C and Nar, gémg the maximum
€Cov N
concentration around noon. As Fig. 6a shows, the 90™ percentile is the most appropriate

l,? ot W qn 'jblt-'w‘) "d’l

statistic parameter to obse1 ve this tendencv

Cclvdmethcbina wiuanced weat ALy 2604 Has
The highest values for Nyuc were obser ved in April 2005 and in July 2006 with 10200 cm” at

12:00 GMT and 10:00 GMT Y spectively. The maximum for Najr was found in July 2006
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Fig. 7 shows the daily mean cycles per season for the total and modal concentrations which
were calculated from the daily mean cycles per month (more details in Fig. 6). Nucleation and
Aitken modes governed the daily behaviour during spring-summer times. During winter-

; ’ : : h) Mo
autumn times the daily evolutions were determined Q,m the nucle tion) mode. The

maximum for Nyuce were reached at 11:00 GMT and 10:00 GMTaand for N at 11:00 GMT
fduring spring and summer imes res ectiveq/Wer time there was a delay of
[_during spring p y?ﬁ; g y

1-hour between the maximum for Nyyc and Najt.
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This observation that the particle growth rate was higher during the spring months”™ ﬁm\é&

This may be due to during spring time, the pollination of the forest around El Arenosillo was

at the height of the VOC’s emissions to the atmosphere. Moreover, the particle area surface

"é,‘w

c)m\“\‘i -\-\mf,
was lower in spring than in summer time, because of the number of desert dust episodes was w\nmf\ffw*""
. . E (P
also lower. They could allow the condensation process over the new particles was more \'f\:i"a“ ._\2
efficient and thus, the particle growth rate in spring was higher than summer time. ©nthe PR :
AU
\b'rﬁeﬁ-rana*’thc colder seasons (autumn and winter) had theirf maximums for Nyye at 14:00 a0
. : : , Sane
GMT and 13:00 GMT respectively and for Najr was during night-time. bu\% J
a5 Mg '
The decline for Nyxuc and Nyt in the afternoon was faster during summer time than spring )
time. Moreover, L nted in the late afl n an increase of concentration for
\“\ ",N\ YW LAV
all of the particle sizes. Maybe, at night time the VOC’s concentrations were higher than
during day time, in spite of lower emjssions, due to the shallower and morg¢ stable nocturnal -

2 em‘/\“W\La&\JCK; N coNA LG WARZELANG T aivn L
boundary layer (leda et al., 2000). It could produce a particle growth by CO’IULIIEHIOI’I of small és\ ]luh
particles and by condensation of volatile organic components over pre-existing particles ?L‘TJPP ,?,h

“un MNed
(Kulmala et al., 2001; Rodriguez et al., 2005), and then to explain the increase for Nyuc and cM‘Ff-’*é_
. Ny e
N7 in the late afternoon. wy f\j“" 2
—\/bu’. Jea
.\1)1{\ lej
me he minimum levels for Nt during the cold seasons werea 15% lowel than : cmé)‘
an e Wy
bt rm months, arrchf could be due to an increase of the atmospheric mixing and then [h
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2005; Venzac et al., 2009). Lk,ecl( C o Ct?m ffubv VPDD i
:/V\c'vwmm ;th.a m (\w Ay

With the aim to study the relation between different paltu,le 317e ranges, the linear correlation
coefficients between hourly Nxuc&Napr (R = 0.40), hourly N\”&NAC( (R 0 38) and hourly
Nyvuc&Nace (R = 0.09) were calculated. As expected, - M”\& \J\Uc&\hn-} and

Nair&Nace were statistically dependent on each other in-a-dat at

by the previous mentioned processes such as nucleation, con ensation and coagulation. What

s surprising 15%% correlation Nyuc&Nace 4 = daily and monthly (
averages smce increas%ég to R = 0.33 and R = 0.66 respectively. Thapj the %W' CLﬁJr\
between these two modes is observed again, as was showed™in Section 3.2, when long-term

-

scale was used.

3.4. Study of representative episodes

If there is no strong synoptic forcing, the coastal areas are influenced by mesoscale processes

[

because of the dlumdw ing and cooling differences between the land and sea. In an area A
Y

El AICI’]OS]HO N determ nes the regional atmospheric conditions which affect the re-

c,uculatlon of aerosol particle emitted by local and long-transport sources. Fhe—mantal
W cam, ut\d‘\mw‘ﬂt

e
Lﬂi&gmdfgg daily evolution of the particle size distribution asd the“wind directj on allowed Ig-o
d;"lf'V. 'i'LOO e ﬁi’# =

igh particle number concentration} the first, related

to the sea-land breeze days and the accumulation of the pollution in the wind flow; and the
nuclecoon vt
second, to the new particle formation by nucleation processes. Theseastenes were observed

as much under breeze re-circulation as synoptic forcing.

With the aim to present the main properties of the particle size distribution, initially each day
was classified on the basis of the sea-land breeze phenomenon and for which, the
methodology used in Adame et al., (2010) was applied. Then, all data-base (604 days) was
separated in 106 days (18%) and 498 days (82%) with and without atmospheric re- Cncuhuon
Do Loy b
respectively. The classification can be observed in Fig. 8. Adame et al., (7010)-em4;e.d,lhe

existence of two different sea-land breeze patterns, called pure-breeze and non-pure breeze. In

oW -
our work, the differences in both pattems#rrﬁ- n xpld% because they were presented in
Sy g ,AC’;\CW\—L( e CQ(Z‘-"'D ‘!"'\ ’( . Mo e
great detail in : ~thear hev ; Yoo, .
i : e TTA
wind direction depending of sea-land breezq ty re—0-¢ o 7S

oy

s 7 ‘kf‘
. Z‘Aﬁé 75—{7;445: s



30Y UILy), 118 ITOM INW (HUEIVa INQustrial areas) 10r non-pure drecze. Fig. | sTuares betieT these show 3
370~ \éﬁferent particle sources.’m our data-base, the 106 days influenced by sea-land breeze can be
371  segregated in 51 days (8%) for pure breeze type and in 55 E‘lys (9%) fot non-pure breeze
372 type. The percentages showed in brackets in this section me\\rem the 604 days of the

373  entire data-base.

374 With-regard-to chleation events, which will be characterized in more detail in later sections,
375  have been classified into two types depending on the wind direction during the_pj;c_v.i.o&s hours "“’ﬁ of b
376 Affthe nucleation burst particles: Event N,tﬁif the wind was coming from NE and Ngisif was
377  from NW. ﬁie{hllcleation events were not observed in the remaining wind sectors. N; and N»
378  episodes were detected under the breeze and non-breeze patterns and th@a-zﬂs occurrence has

e patlerm— heeze & Nen
379  been evaluated for each ene (scc Fig. 8). As no differences were observed between beth, these pet NS

380  have been combined and Event N; occurred for 48 days (8%) and Event N, for 42 days (7%),
381  as Fig. 8 shows.

382  If the days with Events N; and N, are removed-en the classification of non-breeze and breeze
383  days, 48 days (8%) were representatives of pure breeze pattern (PB days), 36 days of non-
384  pure breeze pattern (N-PB days) and 430 days of no breeze pattern (71%). These will be

385  discussed in detail below.

386  3.4.1. New particle formation events (N1 and N»)

387  Fig. 10 shows some selected examples of the different short time events. The cvolution of
R
388 N\qﬁ the total area surface concentration (St), du_evaﬂS the wind direction eaﬁ-—be also
T/
389 —e%erved- he first short time event analysed was due to the new particle formation by gas-to-
390  particle conversion. Three nucleation events with different characteristich are showed in Fig.
391 10a, 10b and 10c which appeared during 11 April 2005, 8 June 2005 and 18 December 2004

T
392 respectively. Fherrs—mam [)lOlethb were calculated using the methodology presented in

393 Birmili et al., (2003). The first cme stm Led at 09:30 GMT and it had a total duration of 19.2 h,

394 a particle formation rate of 3.5 cm™ s and a cr:cggh slte of 3.8 nn% h’ Bm—\he second one
h

4y :

-3

B \1
395 started at 08: ‘30 GMT and it was a lower n ati n and f01 mation rate : 2
Hos © ’W/\/\/
396 1€s’pﬁtﬁa‘y—bem2 its growth rate higher w1th 53nmh’

397  The homogeneous nucleation process enhanced the particle concentration at diameters below
398  the detection limit of our particle spectrometer. The growth toward greater diameters, due to

399  the condensation and coagulation processes, caused an increase of number concentration, at



40U TITSL TOT e nucleatuon mode ana later, 10T AITKEN and accumulaton size ranges, SeeR-as tne
5 el yed
401  evolution of mode d1ametel e.y “in Fig. 10a and 10b. The ‘banana’ shdpe 3

—

402 for thef,L\l’il,e»en{s dllows dcteammmo that these events were pr oduced 51multanw \/\d,u ¢

N5
403 ge area (at least 100 km)mpal ticles whiteh—are formed m—e&her-pﬁfnt ar wmo
forge area (at S L s

404 during_ the tmnspon 0"l Arenosillo site and theirs size§ were measured Avithtreof -t
ok nudeadion  ~ Becau
405  whrafme-mode. “sampling size started at 14 nm, it is not possible to conclude that

406  the formation processes took place in the sampling site. These two nucleation events were

407  characterized by a slow increase of St and by a fast increase and later decrease of Ny with

408  the maximum around midday.

409  Meteorological analysis showed thdt they occurred when the wind was blowing from the NE
. . . ; ' v 5 Lt PP“\.V-‘?W

410 direction during the prior_hours ef-its_apparition, (see Fig. 10a and 10b). 'Fhey have-been

411 calledBventN,.  Uhwy Fhone avend® ape e dzashic N ep s,

OH \ta,vv\' the wﬁ 5 WD c"\\\k’cbt—m GcQ'-"h‘) w""Ll @W{’"i& g p.,fvx, bc;,_k;.:n/\
412 This 1s fol 2 : (Chaai

d,
L2 " /ib n ’P.p e
413 m&w&&ﬁ& fthe day 11 April 2005. G-n-w:n.t@ the initial size of the new particles C—‘Cti\&@- -

Eyaniic \

414 was 1 nm, the lowest diameter measured in El Arenosillo was 14 nm and the growth rate was
415 3. 8 nm h’tﬁ—le formation occt ned 3.7 h before that the particle arrived to the spmpling site.

A5
| occuree \ S wis Tsbsax
416 %en"rr'h'tppeﬁgdufﬁ{ 05:50 G‘\/IT During-that-tine, \\WMI El

| | 2 SES TS i
417 Arenosillo, the average wind speed was 4 m/s, which— : that the first

418  monitored particles were formed as very-close to 55 km away in NE sector. Due to the
419 changes in the wind direction occurred after 12:00 GMT, the particles that previously passed
ey ety ‘H&\
420  on El Arenosillo during the morning are again measured in the afternoon.-
/gb ) wele M alex
421 growt'through the condensation and coagulation processes, 4t—was possible to observe a \

422 nucleation event sedeng.

Fhads
423 In Fig. 11a the median 'mmi}l evolution of the particle number size distribution for the 48
Event N1 ispresented:

: i
424 days (see Fig. 8) '
425 Seleetingthe PBdays and those with the windblowing fromrthe-NE-direction-durine-at-day .

426 @i Fig. 12 are plesent% the main characteristi€of the datty-mean of the particle concentration

LV\_ J\ch\b@'\n o . s
427 some aerosol physical properties and some meteorological parameters. The daily

428 mean properties for all days are in black colewr and the days with Events N; are presented in
429  red colowr. Fig 12a shows an anti-correlation between Nyye and total area surface
430 concentration for accumulation mode (Sacc), while in contrast, Nyce & Sacce and St & Vo are

SEN SN
431 highly correlated (see Fig.12c and Fig. 12d). The Events N, fred-spets) are associated Ez; low

14



g
452 OF medium values ol dacc, Nace and V. KIS due [0 the PréSernce-ol pre-existng particles
AT e
433 ptowde!\ enough area surface to ase tﬁe precursor gases in-the condensation process-aife then

U\_(/"ﬂx*‘_)

ool haten
434 tmmefeﬁ'scgtﬁ: size but nTtIhe particle rfﬂéf;@mn-ﬁmﬂnﬁsphme Then, these gases-are-not
435  .used in the nucleation

f‘QQJ{ﬁu\ JVU
436 Nyuyc is also represented by means—of some meteorological factors such as AT (temperature

437  difference between minimum and maximum every day) and wind speed, (see Fig. 12e and 12f
438  respectively). Atsretatedto-the-mixine-status-of-the-atmosphere—Sines; Higher values of AT
439  are representatives of better mixing. In Fig. 12e, it is evinced that the Events N; were
440  produced with AT above 10 °C. This observation was 111eady~1—@§1ﬁd in Buzorius et al.,
441  (2003) where, it was concluded that days with new particle formation appeared with
442 advection of cold air toward surface and then with high values (iAL\D

=

443( Fmay, Fig. 12 showéd Events N, occurred when the wind speed was higher than 2 m s and

444 the highest Nyyue was reached during the highest speed averages.

445  In order to propose a methodology for the quantification of the aerosol physical properties and

446  meteorological parameters which are necessary for predicting the Events N; at the southwest
wWe. (‘v Vh(& “H"\&';;t-

447  Spain, some statistical parameters have been evaluated. Fhenthe conclusions have-been-that—

448 60 % of Events N, can be pl‘edicle(i_{ the wind is blowing from the NE direction in the morning

449  and there are a Syce below of 11190 um? cm™ (30" percentile), a AT higher than 12 °C (10"

450  percentile), and a wind speed higher than 2.3 m st (10" percentile).

451  Particle number size distribution evolution during 18 December 2004 is chosen as an example
452 (see Fig. 10c¢) to display the second type of nucleation event. These events happened when the
. . OV ) .
453 wind was blowing from NW-N directions. They ould be explained as a secondary particle
454 formation which was produced by the emissions from the industrial areas situated around
: C A dnen
455  Huelva City. Because of the \-\'mdeﬁ-ect's-, e anthropogenic pollution with a continuous high
ucla o Mede
456  level 0[ precursor gases canbe-ableto caus\)m increase of the concentration for Lh‘H‘ﬂ'FI'ﬂC‘Si—ZG—

CRALTO
457 -a—é?%% over the sampling site during an elapsed time between 2 and 8

igﬁ ()\.\Ie/ pl«)b‘\_//QQ c-'mg’\} asd) r*\) P ul’low‘_;/ L,l aNe _
458 xd Event N, and—#—s—also different than %he-'Umdlyzed previously, because the

‘Uf'b.
459  highest plateau concentration of Nyye was maintained over time. So, Nyye in Fig. 10a and

460  10b present a slight diurnal trend toward the larger particles sizes, which was chargcteristic of

\‘Qkﬂxj\_\ : r¢m<"i&
461 Event Nj. while in Fig. 10c the mammum of Nnue q%a-y‘ﬁenaeq dn&rmﬂ the Event N,. ftean- ’(_6
1+ Y VIS 2L aoicge | came Gz W \\av\‘z]l
462 e the—pam-sle—seﬂres-ef-the Event N, cotld-be= large 'um and, T ‘P

I4)

[1\;—\0 C%M% [,vw\é e (hae {_D - \-&cxu’tacinViSH(, S é [(é’u?_. cowx VQ'(’S(OVI i



463 e g ,
464 mmmels However, in the case ot&the Event N, it could be a m source &m&h@n all

465  particlg emmed simultaneously were ar nv ¢ at El Arenosillo at the same time -amd they-were

466 p@'om up to similar size. s
E{/‘@L U‘ CAVE__
467 --eﬂ'rcrvéise,‘lhey—\*'er&chal -acterized by an increase Sf St only during the last hours of the
Z g |p5 &’\\f"\(f"D
468  episode. Abouttheselation of Event N; wféif-?he aerosol properties and the meteorological
g
469  factors, they—were-similar to those obsewed f01 the case of Event N, in Fig. 12 r‘\lledmn
470  diurnal evolution of the particle number size distribution for the 42 days with presence of

f
471 \Event N, (sce Fig. 8) is presented in Fig. llbj _ boke s
\_/_’,——"‘\__/ N _ewile _%“ \D O.ﬁt:l (“Duf s

472 Fig. 13 shows the number of the events per month (N; and N»). With-the-aim-to evident-the clwe to
ANEyem Jr.gmt,g
473 1q%@se.ulmucl§_gLLbﬂ_Lesults the number of measured months is also indicated. The Event
e
474 N [chsem@ a clear seasonality with two maximum (in March and in December) of 5 and 4
475  events per month respectively. The minimums were reached during summer time, beig-tts-

COLMVVBACLES
476  eceurrenee zero during July and August. Just-as—it-has commented-at some opportunities

7 N’V\}' "k =5 )L C‘j{, h A
477  threughout this repert, “this bg}?fwomould be related to the-x-r:«;q-ecnnﬂ:n-t-—éél-kre1 it desert dust
478  episodes during summer time. Gﬁ-t-he—et-her-hﬁﬂé,—the monthly evolution of the Event N» (see
479 Fig. 13), did not show a clear behaviour.

480 3.4.2. Sea-land breeze days /

| C/ .'> f e)
481 The presence of reegional re-circulations \ the sca-land breeze/ arc very typical over the
p g as ; y yp

e

482  coastal areas during spring and summer time\and they play an important role in transporting
483 air pollution from and towards the urban areas, (Ma and Lyons, 2003; Sorribas et al., 2007;
484  Adame et al., 2010; Wright et al., 2010). As noted above in Section 3.4, two types of sea-land
485  breeze over our study area have been observed: pure breeze and non-pure breeze. Wind
486  blowing at night from the land (NE for pure breeze and NW for non-pure breeze) towards the
487  sca as a result of the nocturnal cooling of the land surface is called land breeze. This local
488  wind produced an accumulation of particles overtheseaat offshore distance. Fhen, khe wind
489  direction changed at round 07:00 GMT and 08:00 GMT for pure breeze and non-pure breeze
490  respectively (Fig. 9a). It was b]ox@ during the day from the sea surfaee (SW sector for both
491  land patterns) towards the land as a result of diurnal heating of the land surface (sea breeze).
492 Then, the accumula[e&kﬁldrft\ﬁz{lg vcftltsw’trm]sportcd%ﬁh?lzmcl, increasing the background

493 levels.
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Fig. 14 snows ine meaﬁ\aally paruicle numbper size distribution and mean daily evoluuon or

modal concentrations corresponding to 430 NB-days, 48 PB-days and 36 N-PB-days (see the 5 % N

. . . X : \ < ']Ll\_\f
day segregation in Fig. 8). 10" and 90" percentiles are also represented. C\m’\"r WMasX W

To quantify the effect of each type of breeze, due to the accumulated particles at-offshore
distaiicé, NB days were chosen as reference of the modal concentration reached. For NB days,
the maximum cqncentration of Nyue (Nxvemay) was 3450 cm” (Fig. 14b.1). It was a 30%%01‘
PB and a 50% LFS?KPB days higher than for NB days (Fig. 14b.2 and 14b.3). tn-the_case of (g
NarTmax, during NB daysi&%’ was 4280 ¢cm™ and for PB and N-PB it was 30% and 110%
higher respectively (Fig. 14c.1, 14c.2 and 14c¢.3). And finally, Nacemax was 2000 cm‘3,
increasing by 90% for PB days and decreasing by 5% for N-PB days (Fig. 14d.1, l4d 2 and

14d.3). &r? it 1s concluded that the two breeze patterns were a particle source

-f-or“ - the ?IB M cnl ‘—8_
S@me—#&e&ei-s—t-ha

2 ultrafine)size range and @nlLP_B_sceuau-e—wﬁhiﬂ the accumulation mode.

R

e
that PB days were influenced by continental air mass{see Fig.

wns mest H.wrtCrC‘
1 and 9a) and mﬁsmfﬁ‘k&ﬂg&ﬂi@iﬂﬂﬂiﬂﬁm the accumulation mode. On-the-other

ln P uy\lf.\r,
, marine am& usmal aerosol had an influence on the concentrations measured during

M Towk > contnbute todtie J
N-PB days, ultrafine range. o T Ve ndicahion uf
'-MPH.W\ 55 Cu/\.C)SfJ\ Qf

For PB days, the daily evolution of Nyyc presented three minimums (Fig. 14b.2), which were
reached at 08:00 GMT, 18:00 GMT and 02:00 GMT. This behaviour was only observed in
this scenario. The first minimum may be caused by the mixing processes that seutd begin
after sunrise and therefore Tie bréakdown ¢F the mixed layer, which incrcas‘e%‘jhg particle
diluti,on.@afﬂ the second and third minimums and the maximum concentration at 20:00 GMT
hm‘{ already been discussed carlier in Section 3.3 due to the evolution of Nyyce and Nar
observed in Fig. 7 during the summer months. During these months, the occurrence of the

breeze phenomenon is higher as the maximum gradient of temperatt{(‘_c between land and sea
. i . i . __)L:( & é“; B
is reached. Tha Fig. 14b.2, Lt-:rﬁ—reé;'rred that the behaviour eanm

57

h_ ‘&( U5 \ n
«be observed in Fig.7 is only caused by the PB scenario. Fulme oks will be améeel—é—kn@ MJJ’&TJ}}

mmz\ wi | \\/\d\k}t’. “m.m-\ —thetelation ships oo
the reason tor this behaviour, whieh—w-be_ meteorological

parameters with vertical resolution and the aerosol data.

The evolution of Nyye during N-PB days presented an absolute maximum at 10:00 GMT,

A58 two hours before thag PB days (Fig. b.2 and b.3). This behaviour could be related to the
Z s . . . :

+ramsport particld@ggﬂ (wind speed), which for N-PB days is generally higher (see Fig. 9b).
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While

e
AS—ORE—AS—RE Maximum concentration at noon I0r IN-FB and FB days was due 1o the
ecireu\ahen of . .
accumulated particl€{produced by the land breeze, the maximum concentration for NB davs
‘ o I . y

(> &L'H‘Y\ ’gy\ﬁ'vﬁ L CPS0%eS

1. The difference between the
mean size distribution of Event N; (Fig. 11a) and the mean total particle concentration of NB
days (Fig. 14b.1, 14c.1 and 14d.1) was the maximum of the total particle concentration
reached. Thus, for the case of Event Ny, that maximum was greater than 17000 cm™ and for

the case of NB days was around 10000 cm™.

@ 15 September 2004 has been selected as example of an N-PB day (Fig. 10d). The wind
direction evolution shows that land breeze propagated in offshore direction (from NW-N)
during the night, the onset of sea breeze was at 09:30 GMT and then the sea breeze blew
perpendicular to the coast (from SW). 40 minutes hte14a11_c£lflss with high particle
concentration came to the sampling area dﬁd-ﬂ-w"rs—mfluenc@a- during the next five hours.

I NS E-
Concentrations wer

by 12, 3.8 and 2.6 for the, nucleation, Aitken and

&b 'u"‘,‘ [[JL&(\( e\ TR, J.Jg-.‘:_,‘f"\rwl[} (O,
dCCLIlﬂU] ;on modes Total SLll|ld(,€ concentration -was- also increased. This event was the
pe - <
lonoest ob%uve during the data-base analyzed. During the DAMOCLES campaign, these
type of episodes were also differentiated using PM and chemical composition measurements

over this area, (Pey et al., 2008).

4. Conclusions

et

In this paper, an zmasyms about the sub-micron particle number size distribution in Southwest
2("0\,[3.{‘ wede_
Spain is presented. H-was measured continuously during 604 days at El Arenosillo Station
which is located in a rural and coastal background environment. Mean total concentration was
-3 - -3 -3 -3
8600 cm™ and mean modal concentrations were 2830 cm™, 4410 cm™ and 1720 ecm™ for
Nxuc. Narr and Nacce respectively. The most significant episode was a ‘mixed event’ of a

strong desert dust intrusion plus a forest fire occurred during 27 July — 4 August 2004. It

increased the mean modal concentrations by 4.1, 2.8 and 1.2, respectively.

About—the—medalparametefs fhe mean size distribution_per-month was separated in four
/—_—_—‘—.——

O\fﬂv)
modes and the mean geometric diameters were about 16 nm, 42 nm, 103 nm and 737 nm for f’w‘t{““
L_‘ ‘S’!—‘I‘ \.MhN
nucleation, Aitken, accumulation 1 and accumulation 2 modcs 1espect1\felv C”‘Lz?’q(:‘&’
eo.u,mmmvm 3 o,
Daily mttm@extnbﬂed an absolute maximum of the total concentration around noon, which "" h'l
was governed by Nyuc and Najr during the warm seasons and esty by Ny during cold or )

18
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oot
seasons. 1Nn1s maximum was pl'OClL!CCGAIOI’ the new parucie rormaton and T1or ine

accumulation of particle during the t ¥y}pml air mass recirculation over the coastal areas such
as the sea - land breeze. and direction, two types of nucleation events
(called Ny and N,) were detected. 60% of these were related to NE and NW wind directions
respectively, a Sacc below of 11190 umz cm'3, a AT higher than 12 °C and a wind speed
higher than 2.3 m s”'. Events N; were an example of the influence of regional sources and
they were characterized by the aerosol number transfer from the nucleation to the Aitken
mode due to particle growth. However. Events N, showed the weight of local industries over
the rural and coastal background levels and they did not Mﬁi‘ﬁicle size growth. The
number of Events N; per month presented the maximum values during spring and winter with

: e ttene .
5 and 4 events respectively and the annual edolation could be related to the frequency of
: . : Mey
desert dust episodes. The menthly-evelution-ofthe Events N, did not show a clear behﬁt‘i

The influence of the sea — land breeze processes has been p1csentc€ by 1r/neans of two different
¢

patterns (pure and non — pure breezes), O'bS‘Cﬁi-Hg*-Eh-ﬁ{BO{th\i:eT‘é pafticie sources within

ultrafine size range. If the maximum particle concentrations for NB days are chosen as

reference (3450 cm™, 4280 ¢cm” and 2000 c¢m” for Nnue, Nair and Njce respectively),

Nnuvcemax Was increased about 30% and 50% for PB and N-PB days respectively, and Nairmax

about 30% and 110% respectively. Nacemax Was only increased about 90% for PB days.

e

——

Because Events Nj, Events N> and the N-PB and PB days were well determined from the
wind sectors, the horizon of the sampling site could be divided into two hemispheres. High
particle number concentration hemispheric (HC) from SW to NNW in clockwise presented

(9120 + 264) em™ and lower purticle number concentration hemispheric (LC) from N to SSW
—

—
in clockwise (6550 = 780) cm’

S TP =€ t}‘-&. LL{K W\U‘Q@ S UC.S‘J;\A
Aﬁmrt%a Cyclc al%@‘vvtd-t-a-eeﬂel-uda that the increase or decrease of 1 cm™ of Nyuc was related

AN
to opposite trend of 0.5 cm” sarf Nacc an% moreover; that- the relation between monthly

Nnuce&Nacce was highly correlated with R=0.66. Itecould-be-explamed-because of the-presence

of-large-particle -estuted—+n—anje r&:ul aging and an increase of
Hwas Sug 5¢° ‘3‘ PN ) PALIINCE- (fr o B
Noace—Heproduced a large surface area concentration which favoured the condensution proceg

onto pre-existing aerosols and suppressed the nucleation events (decreasing Nyue).Fhis anti-JL

fcdﬁ"elation between both modal concentrations produced a weak seasonal evetution of Nr.

J_\ SuUVe
L(L C?L/\
33?\& e
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Nronl Nucleation Mode Aitken Mode Accumulation Mode

(cm™) (cm™) (cm™) (cm™)
Entire period of study
Mean 8660 2830 4110 1720
STD 6740 4500 3220 1120
Max non-event 83222 68938 35171 6750
Min 140 12 60 32
Median 7090 1470 3260 1530
10™ percentile 3250 340 1370 480
90" percentile 15450 6800 7730 3160
During the mixed event
Mean 27620 13320 12020 2270
STD 27060 21900 8500 1240
Max 188700 152340 37310 14950
Min 2220 13 670 600
Median 22440 7240 9800 2000
10" percentile 6520 900 3770 1020
90" percentile 47790 24500 25870 3580

Table 1. Statistic of the total and modal concentration for 1-hour year data series and only for
the mixed event (desert dust episode plus forest fire) happened during 27 July — 4 August

2004.
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IfT. It 1s defined as the Correction Factor (FC).
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(Narr) and accumulation (Nacc) modes.
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March (winter) and April-June (spring).
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Figure 8. Representative day’s segregation by means of sea-land breezes (pure and non-pure)

days and nucleation events (N; and N»).
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Figure 9. Daily evolution of mean (a) wind direction and (b) wind speed for pure (51 days)

and non-pure (55 days) breezes patterns during data-base used for this analysis.
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Figure 10. Daily evolutions of the particle number size distribution at El Arenosillo Station,

during (a) 11 April 2005, (b) 8 June 2005, (c) 18 December 2004 and (d) 15 September 2004.

Total surface (black line), concentration for nucleation mode (red line), wind direction (green

line) and mode diameter (black diamonds) are also represented.

36






v] 4+ 8 12 16 20 24
Time (h)

Figure 11. Mean particle size distribution for new particle formation with (up) wind blowing
from NE (Event Nj, 48 days) and (down) blowing from NW (Event Nj, 42 days) at El

Arenosillo Station.
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Figure 12. 24-h averaged of several submicron aerosol physical properties and meteorological
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Figure 13. Percent of days per month with Event N; and Event N,.
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