Atmos. Chem. Phys., 11, 8793808 2011 iy —* -

www.atmos-chem-phys.net/11/8791/2011/ Atmospherlc
doi:10.5194/acp-11-8791-2011 Chemls_try
© Author(s) 2011. CC Attribution 3.0 License. and Phys|cs

Size-resolved CCN distributions and activation kinetics of aged
continental and marine aerosol

A. Bougiatioti!, A. Nene$-34, C. Fountoukis®#, N. Kalivitis 1, S. N. Pandi¢-°, and N. Mihalopoulos!+*

IEnvironmental Chemical Processes Laboratory, Department of Chemistry, University of Crete, Voutes, 71003,
Heraklion, Greece

2Earth and Atmospheric Sciences, Georgia Institute of Technology, Atlanta, GA, 30332, USA

3Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA, 30332, USA

4Institute of Chemical Engineering and High Temperature Chemical Processes (ICE-HT), Foundation for Research and
Technology Hellas (FORTH), Patras, 26504, Greece

SDepartment of Chemical Engineering, Carnegie Mellon University, Pittsburgh, PA, 15213, USA

Received: 15 March 2011 — Published in Atmos. Chem. Phys. Discuss.: 21 April 2011
Revised: 16 August 2011 — Accepted: 17 August 2011 — Published: 30 August 2011

Abstract. We present size-segregated measurements of Introduction
cloud condensation nucleus (CCN) activity of aged aerosol

sampled at Finokalia, Crete, during the Finokalia Aerosol
Measurement Experiment of summer 2007 (FAMEQ7).
From analysis of the data, hygroscopicity and activation ki-
netics distributions are derived. The CCN are found to be
highly hygroscopic, (expressed by a size- and time- average
hygroscopicity parameter-~ 0.22), with the majority of par- of CCN concentrations (Cubison et al., 2008; Roberts et al.,

. S R0 . :
ticles activating at~0.5-0.6 % supersaturation. Air masses 2002; Ervens et al., 2005; Dusek et al., 2006: Quinn et al.,

originating from Central-Eastern Europe tend to be associ- : ;
ated with higher CCN concentrations and slightly lower hy- 2008). These studies help evaluate theory and also quantify

groscopicity & ~ 0.18) than for other airmass types. The CCN prediction error associated with simplifications taken

particles were always well mixed, as reflected by the high ac-tO calculate CCN in indirect effect studies; if propagated

L . ST . through a global model simulation of the aerosol indirect ef-
tivation rat|o§ and narrow hygroscopicity distribution widths. fect, this error can be expressed as an indirect forcing uncer-
Smal_ler part|cle§~e4p nm) were found to be more hygro- tainty (Sotiropoulou et al., 2006, 2007).

scopic 6~0.1¢ units higher) than the larger ones100 nm).

The particles with diameters less than 80 nm exhibited a di- Many of the recent CCN studies have focused on the im-
urnal hygroscopicity cycle (with peaking at~14h local ~ Pact of organic compounds in the aerosol phase. These or-
time), consistent with photochemical aging and volatiliza- 9anics due to their chemical complexity and abundance in
tion of less hygroscopic material from the aerosol. Use ofglobal ambient aerosol (Zhang et al., 2007) introduce un-
bulk chemical composition and the aerosol number distribu-Certainties in predictions of CCN concentrations. Labora-
tion results in excellent CCN closure when applyingtler ~ tory experiments suggest that the solubility of organic-rich
theory in its simplest form. Using asymptotic and threshold particles in water is important for their CCN activity (Cruz
droplet growth analysis, the “aged” organics present in the2nd Pandis, 1997; Bilde and Svenningsson, 2004), although

aerosol were found not to suppress or delay the water uptakiesidual water, inorganic water uptake, mutual deliquescence
kinetics of particles in this environment. and metastable states may allow sparingly-soluble organic

material to be available for activation as if they were com-
pletely soluble in water (Chang et al., 2007; Raymond and
Pandis, 2002, 2003; Broekhuizen et al., 2004; Bagtral,

2006; Marcolli et al., 2006; Chang et al., 2007; Bilde and

Correspondence toA. Nenes Svenningsson, 2004). The existence of surfactants that de-
BY (athanasios.nenes@gatech.edu) press surface tension has also been shown to enhance CCN
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Predicting the global distribution of cloud condensation nu-

clei (CCN) is required for an improved understanding of

aerosol-cloud-climate interactions (IPCC, 2007). Recent
tudies address the relative importance of aerosol size distri-
ution, particle composition and mixing state on predictions
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activity (e.g., Kuwata et al., 2008; Moore et al., 2008; Asa- vealed that the solute contribution was negligible and the pri-
Awuku et al., 2008; Padret al., 2010). Despite these effects, mary effect of the organic matter on CCN activity is through
the converging view is that the compositional complexity of its impact on surface tension. When this analysis was ap-
organic aerosol tends to yield material with little variability plied to WS extracts of secondary organic aerosol (SOA)
in hygroscopicity, so that bulk chemical metrics of the or- from biogenic and anthropogenic parent hydrocarbons (En-
ganic phase (such as oxidation state) may serve as an indicgelhart et al., 2008, 2011; Asa-Awuku, 2009, 2010), a re-
tor of its CCN activity (Jimenez et al., 2009). markably constant emerged (0.15: 0.08 when surface ten-

In lieu of the above, single-parameter approaches, such asion effects are deconvoluted;0.3 when they are implic-
the hygroscopicity parameter, (Petters and Kreidenweis, itly included in thex calculation). Analysis of the WS frac-
2007) have been effectively used to parameterize the cumulaion from biomass burning (Asa-Awuku et al., 2008) also re-
tive effect of organics on the solute term obKler theory (the  vealed a similar hygroscopicity parameter<0.3). Pado et
theoretical basis of most approaches used to describe CCHI. (2010) determined the hygroscopicity of the WS fraction
activity). Typical values of this parameter are- 0 for insol- of Mexico City aerosol collected during MILAGRO-2006;
uble wettable materials that do not significantly affect waterx was 0.28t 0.06 and remained fairly constant regardless
activity via adsorption (Kumar et al., 2009, 2016)0.1 for  of location and organic fraction, reflecting a compensation
oxidized secondary organic aerosols (Engelhart et al., 2008)etween shifts in molar volume and surface tension depres-
2011; Duplissy et al., 2008; Petters and Kreidenweis, 2007 sion. All together, these studies suggest that the hygroscop-
Asa-Awuku, 2008, 2009; King et al., 2010%0.6 for am- icity of oxidized organic aerosol may be predicted solely
monium sulfate and nitrate, 0.95-1 for sea salt (Niedermeiefrom knowledge of the water-soluble fraction of the mate-
et al.,, 2008) and~1.25 for pure sodium chloride particles rial. Bougiatioti et al. (2009) tested this postulation for East-
(Rose et al., 2010). The effective hygroscopicity parame-ern Mediterranean CCN and found that predictions of CCN
ter of multicomponent aerosols can be approximated by anotably improved when using the measured WS fraction and
volume-weighted average of thevalues of the individual a prescribed =0.3. Given the correlation between the latter
chemical components (Kreidenweis et al., 2008; Gunthe etind the WS fraction of organic aerosol (Weber et al., 2007;
al., 2009). Continental and marine aerosols tend to clusteHennigan et al., 2009), the constant value seen for\kfy
aroundk ~0.3 andc ~0.7, respectively (Andreae and Rosen- give rise to the observed correlation between the oxidation
feld, 2008; Kreidenweis et al., 200808chl et al., 2009), state and- of organic aerosol (Jimenez et al., 2009).
with a fair amount of variability across space and time, de- Another uncertain aspect of cloud droplet formation is
pending on the organic mass fraction (e.g., Gunthe et al.the impact of slowly-dissolving compounds, droplet surface
2009; Dusek et al., 2009, Cerully et al., 2011), relative abun-films and aerosol amorphous states on the activation kinet-
dance of ammonium sulfate (Cerully et al., 2011; Mochidaics of CCN. If prevalent, these kinetic limitations could have
et al., 2008, 2010) as well as the particle size (Wiedensohlean important impact on cloud droplet number and size dis-
et al., 2009; Rose et al., 2010). Furthermore, the mixing oftribution (e.g., Chuang et al., 1997; Nenes et al., 2001a,
non-hygroscopic primary organic aerosol (POA) and black2002; Lance et al., 2004). Observational studies on the acti-
carbon (BC) particles with photochemically produced hygro- vation kinetics of ambient or complex CCN (e.g., Moore et
scopic species take place in a few hours during daytime, sugal., 2008; Ruehl et al., 2008, 2009; Sorooshian et al., 2008;
gesting that away from primary sources, the number concenkance et al., 2009; Padlret al., 2010; Cerully et al., 2011)
tration of CCN may be predicted accurately enough for cli- have tested this hypothesis by comparing the size of activated
mate model applications assuming an internal mixture andiroplets (from the CCN in question) against those obtained
using only the bulk chemical composition (Medina et al., from calibration salt aerosol (used as a standard of rapid ac-
2007; Lance et al., 2009; Sotiropoulou et al., 2006, 2007;tivation). Differences in droplet sizes can be used to detect
Wang et al., 2010). kinetic limitations and can be parameterized as changes in

Size-resolved CCN activity measurements can also behe water vapor uptake coefficient, as long as the concentra-
used to infer the origin of the observed hygroscopicity in tion of CCN in the instrument is not high enough to deplete
ambient (and compositionally complex) aerosol samples, prisupersaturation (Lathem et al., 2011). Evidence to date sug-
marily through characterization of their water-soluble (WS) gests that dry organic-rich aerosol with low hygroscopicity
fraction. Padd et al. (2007) first introduced the method may exhibit activation delays, while aerosol rich in inorganic
of Kdhler Theory Analysis (KTA) to infer the molar vol- salts or water-soluble organic carbon tends to exhibit rapid
ume and solubility of organic compounds from size-resolvedactivation kinetics (Moore et al., 2008; Ruehl et al., 2008;
CCN activity of aerosol generated from atomization of an Shantz et al., 2008; Asa-Awuku et al., 2009, 2011; Badr
aqueous solution and demonstrated its applicability to samal., 2010; Cerully et al., 2011). Size-resolved droplet growth
ples of known composition. Moore et al. (2008) extendedanalysis data provides information on the kinetic heterogene-
KTA to include an inference of molar volume and surfac- ity of CCN, allowing for the determination of kinetic pa-
tant characteristics for marine organic matter isolated fromrameter distributions (Ruehl et al., 2008, 2009) which would
seawater collected near the Georgia coast. The analysis r&ot necessarily be seen when applying “Threshold Droplet
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Growth Analysis” (TDGA) on polydisperse CCN measure- 2.2 Instrumentation
ments (Bougiatioti et al., 2009).

The Eastern Mediterranean is a climatically sensitive areaPrior to measurement, the ambient aerosol was dried down to
of the globe. Aerosols play an important role, with a top of ~5 % relative humidity (RH) with Silica-gel diffusional dry-
the atmosphere radiative cooling up to five times larger tharers (Fig. 2); this ensures that particle sizing is not affected by
warming from greenhouse gases (Vrekoussis et al., 2005). Imesidual aerosol water, which can bias the analysis of CCN
the summertime, the combination of anthropogenic aeroso#ictivity data for very acidic particles (Murphy et al., 2008).
inflow, the scarcity of precipitation and persistently high RH The dried particles were subsequently charged by passing
values in the area can result in doubling (or more) of the to-through a Kr-85 bipolar charger (TSI Model 3077) and clas-
tal aerosol light scattering compared to winter (Kalivitis et sified by electrical mobility with a Differential Mobility An-
al., 2007). The organic aerosol is always in a highly oxi- alyzer (DMA; TSI Model 3081). The DMA was operated
dized state, regardless of the aerosol source region (Hildeat a 10:1 sheath-to-aerosol flow ratio (6 and 0.6 Imifor
brandt et al., 2010), with about 70% of the total organic the sheath and aerosol flows, respectively). The classified
mass being water-soluble (Bougiatioti et al., 2009). Ear-aerosol was then split into two streams, one sent to a Conden-
lier work has shown that most of the aerosol in this re- sation Particle Counter (TSI Model 3010) to measure their
gion activates at 0.6 % supersaturation, characteristic of theoncentration and the other to a Continuous Flow Stream-
aged nature of the aerosols; CCN calculations using the simwise Thermal Gradient CCN Chamber (CFSTGC; Roberts
plest form of Kohler theory (i.e., size-invariant composi- and Nenes, 2005; Lance et al., 2006) to measure the num-
tion, and insoluble organic fraction) agrees with measure-ber of particles which act as CCN. The flows at the CPC and
ments to within 10 % (for supersaturations between 0.2 andcFSTGC were monitored throughout the campaign. The ac-
0.73%). Based on the aerosol “bulk” composition, an av-tivated droplets in the CFSTGC are counted and sized at the
eragex of 0.2440.08 is found for the aerosol at Finokalia exit of its growth chamber with an Optical Particle Counter
(Bougiatioti et al., 2009). The variation of CCN properties (OPC) that detects droplets and classifies them into 20 size
with size however is still unknown and was postulated to ex-bins (with diameter ranging from 0.7 to 10 um). During the
plain the supersaturation-dependent CCN closure bias seetampaign, two flow configurations were used (Fig. 2) which
in Bougiatioti et al. (2009). The present study addressedgliffered as to the point of entry of the filtered make-up air
this issue and presents size-resolved CCN activity measurdlow. In the first configuration (Fig. 2a) a make-up flow of
ments and characteristics of Eastern Mediterranean atmd?.75Imirm? is supplied to the classified aerosol stream be-
spheric aerosols during the Finokalia Aerosol Measurementore splitting the stream for the CPC and the CCN instru-
Experiment — 2007 (FAMEQ7) campaign. The focus of the ment. The second configuration was used after 8 August
subsequent analysis is on the size-dependant hygroscopicit{f-ig. 2b) and involved introducing the make-up flow to the
mixing state and activation kinetics of the aerosol. aerosol stream supplied to the CPC. This was done to reduce

the CFSTGC measurement uncertainty due to low particle
_ concentrations (Moore et al., 2010).
2 Observational data set The instruments were operated in Scanning Mobility CCN
Analysis mode (SMCA; Moore et al., 2010), where the DMA
voltage is continuously cycled between a minimum and max-
imum value and the time series of CN and CCN concentra-

25°67 E: http:/finokalia.chemistry.uoc.jof the University tions are recorded. The particle size distribution is then ob-

of Crete and constituted part of the Finokalia Aerosol Mea-t@ined from the CN timeseries of a scan cycle using well-
surement Experiment — 2007 (FAMEQ7) campaign (Bougia_establlshed SMPS inversion techniques (e.g., Wang and Fla-

tioti et al., 2009). A more detailed description of the site 981 1989). The same inversion procedure is applied to the
can be found in Mihalopoulos et al. (1997) and Sciare etCCN timeseries to obtain the CCN size distribution and the

al. (2003). This study focuses on the period during Whichsizg—resolved “activation _fraction" (ratio of of CCN concen-
size-resolved measurements of CCN were carried out (July tf2tion 0 CN concentration) and the droplet size from ac-
mid-August). HYSPLIT backtrajectory analysigngw.arl. tivated CCN as a function of mobility dlamgter. Mult|ple
noaa.gov/ready/hysplitd.htinshowed that throughout the CSNarge corrections were applied to the CCN inversion, as de-
campaign a diversity of air masses was sampled, with infly-{2iled in Moore etal. (2010).

ences from Europe, the former Soviet Union and Asia Minor 1 nroughout the campaign, the CFSTGC was operated at
(Fig. 1a, b) to air masses with less anthropogenic influencé total flow rate of 0.5Imin', with a sheath-to-aerosol

originating from the marine boundary layer or the free tropo-floW ratio of 10:1, and a top-bottom column difference,
sphere (Fig. 1c, d). AT, between 4 and 15K. CCN concentrations were mea-

sured at each supersaturation for 6min, yielding size-
resolved CCN activation curves that cycled through 5 dif-
ferent supersaturations every 30min. Calibration of the

2.1 Measurement site

Measurements took place at the Finokalia statio? 325N,

www.atmos-chem-phys.net/11/8791/2011/ Atmos. Chem. Phys., 11, 83082011
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Fig. 1. Maps indicating the location of the sampling site and three-day HYSPLIT back trajectories for characteristic types of air masses
sampled during FAMEO7(a) 14 July 2007(b) 17 July 2007(c) 24 July 2007, andd) 1 August 2007.

instrument supersaturation was attained with the use of clas2.3 Aerosol chemical compaosition and size distribution
sified NaCl aerosol and following the procedure of Bougia- . . ) .

tioti et al. (2009). The CCN instrument was calibrated at the”r Scanning Mobility Particle Sizer (SMPS) was used to mea-
beginning and the end of the measurement campaign and wad/ré the particle size dlstrlbut_lon for mpblllty dl_ameters b_e-
found to have very little variability between them (Bougia- "Ween 20 and 460 nm by placing them in 100 bins and using
tioti et al., 2009). For the lower supersaturations (0.2 and® Sheath-to-aerosol ratio of 10:1. The SMPS consists of a
0.38%), the relative variability in instrument supersatura- Sc@nning Differential Mobility Analyzer (DMA) running in
tion did not exceed 1% between calibrations, whereas forS€"€S with a Condensation Particle Counter (CPC) for which

the highest supersaturation (0.73 %) the variability was un- complete distribgtion is obtained every 3min. The total
der 3% (Bougiatioti et al., 2009). aerosol concentration (CN) was measured by a Condensa-

tion Particle Counter (CPC; TSI model 3010) with a 50 %
particle detection efficiency at 10 nm diameter.

Atmos. Chem. Phys., 11, 8793808 2011 www.atmos-chem-phys.net/11/8791/2011/
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Fig. 2. Schematic of the setup used for the size-resolved CCN measurements.

2.4 Analysis of SMCA data particles of sizedp that are CCN aff), is thus determined
and fit to a sigmoidal function:

Each constant supersaturation segmerfi-tnin long) was .

screened to minimize observational biases and examined foka( §) = CCNC(S, dp=consd _ E @)

minimal fluctuations in the CFSTGC flow chamber tempera- CN(dp=const 1+(S/85%)¢

ture gradient and stability of the flows (data exhibiting max- . . .

imum temperature deviation of more than 15% from theWhereE is the asymptote of the sigmoid for large su/persat-

setpoint are discarded). The size-dependant activation ratigrations,s” 1s the Io*cfatlo.n of the |nflect!on point and’ is .

function, Ra(dp), is then determined by computing the ratio a fitting constant. E* indicates the fraction of hygroscopic

of CCN over CN concentration as a function of dry particle particles of sizelp, 5™ indicates their “characteristic” (most
diameter.Ra(dp) is then fit to a sigmoidal curve: probable) critical supersaturation, ad,is related to the ex-
. a p .

tent of their chemical heterogeneity. Figure 3b presents typi-

CCN(dp) E cal examples oR,(S), for 60 and 100 nm particles, obtained
Ra(dp) = CN(dp) = do5o\ C 1) at 3 August, with the error bars representing the observed
1 (—) daily variability.

i i _ _ Equation (2) expresses the cumulative distribution func-
whered, is the particle dry diametef; is the asymptote of o of critical supersaturations observed for particles of size
Ra(dp) for large particle sizesipso is the characteristic dry 4 Assuming that this distribution arises solely from chem-
diameter for which 50 % of those particles act as CCN (andicg) heterogeneity of the particles (for a sheath-to-aerosol
corresponds to the inflection point of the sigmoid) and 446 of 10:1 used in this study, Lance (2007) showed this
is an empirical coefficient. Equation (1) describes the size+q he 5 very good assumption for values@f> —10, as

resolved CCN data well (e.g., Fig. 3a); the fitted Sigmoids e \yigth of the DMA transfer function introduces relatively
upon integration also reproduce the measured CCN concensm,| dispersion), one can obtain a probability distribution

i ithi 2_ - L e
tration to within 2.3 % £ =0.98; not shown). of hygroscopicities as follows. From the definition of
. Ra(dp) can be used to study the sae—dependent hygroscopspe can express* = w (c*)~Y2 and$ = wi —1/2 wherew =
icty and mixing state as follows. The function is evaluated at o o\ 1/2
ZQ, 30, 40_, 50, 60, 70, 80 ar_1d 100 nm for all sigmoids qb- ( ;;Zg ) andic* is the characteristic (most probable)
tained during a supersaturation cycle. The supersaturation P
dependant activation ratio functioRa(S), (the fraction of  hygroscopicity of the distribution. Substitution into Eq. (2)

www.atmos-chem-phys.net/11/8791/2011/ Atmos. Chem. Phys., 11, 83082011
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1.2 fl(Kﬂ(*)zp(K/)dK/
b (Lance et al., 2007; Cerully et al., 2011).
gpoc’)dx’
describes the “chemical dispersion” or the degree of chemi-
cal heterogeneity (i.e., mixing state) for the CCN of diameter
dp. The upper limit of hygroscopicity in the integrals is set
to unity (instead ofx) to reflect the range of found in the
atmosphere (Cerully et al., 2011). Bath and«™ are deter-
mined using the method discussed above for each diameter
and supersaturation cycle-80 min).

2.5 Activation kinetics

CCN/CNratio,

CCN activation kinetics and changes thereof from the pres-
ence of organics can be determined from the droplet size of
activated CCN measured at the OPC of the CFSTGC for all
Dry Diameter (nm) supersaturations considered. Most often, TDGA is applied
1.2 to polydisperse CCN, which exhibit a range of critical super-
©60nm saturations and droplet sizes at the exit of the CFSTGC. If
104 ©100nm I L.l activation kinetics is as fast as for the pure salt, the droplet
) /,-—%’ sizes observed in the OPC will thus be equal to (or larger)
08 - 3 6’ than the standard for the range of supersaturations measured
K4 (Sorooshian et al., 2008; Moore et al., 2008). If the sizes
06 4 R of the droplets formed on ambient aerosol are statistically
’ ; smaller than the sizes of those formed on pure NaCl aerosol,
1 then the presence of organics likely delay CCN activation. In
i this study, shifts in activation kinetics are detected by com-
i paring the size of the activated ambient and (NaCl particles
i/ (b) with (i) Sc equal to the instrument supersaturatisg, (i.e.,

0
0 20 40 60 80 100 120 140 160 180 200

0.4 1 '

0.2 1

Activation fraction (CCN/CN)

¥ for particles with diametedpso), and, (i) particles of 100 nm
0 s . . dry diameter (which tend to yield droplet sizes insensitive to
0 0.2 0.4 0.6 0.8 their critical supersaturation; Ruehl et al., 2009).

Supersaturation (%)

2.6 Ancillary measurements

Fig. 3. (a) CCN activation fraction and distribution from 25 July The chemical composition of the aerosol was determined b
at 11:49a.m. (UTC + 2) with sigmoidal fit at 0.3 % supersaturation P y

and(b) example of CCN activity spectrum from 3 August (00:12— analysis of polytetrafluororoethylene (PTFE)_(RMPM1~3
11:58 a.m. (UTC + 2)) for 60 and 100 nm particles. and PM.3-10) and quartz (PN and PMo) daily and 4-h
filter samples, respectively. PTFE and quartz filters were an-
alyzed for water-soluble ions after extraction in ultrasonic
provides the hygroscopicity-dependant activation ratio func-bath with nanopure water. The solutions obtained were an-
tion, Ra(k), (the fraction of particles of sizé, that are CCN  alyzed by ion chromatography (IC) for anions {CIBr—,

with hygroscopicityx), NO;z, SG;~, C,0%7) and cations (K, Na*, NH}, Mg?",
CCN(k,dp = cons} E* Cat), using the procedure of Bardouki et al. (2003). Quartz
Ra(x) = = ) filters were also analyzed for organic and elemental carbon

= o '/2 ;
CNGe,dp=c0nsh 1 4 e+ /i) / using the OC/EC analyzer (SUNSET Laboratory Inc.) and

Differentiation and normalization of Eq. (3) provides the for water-soluble organic carbon (TOCcWh, Total Organic
probability distribution function ok, p(k), for particles of ~ Carbon Analyzer, SHIMATZU). Auxiliary chemical mea-

diameterdp (Lance et al., 2007; Cerully et al., 2011), surements (@ BC) and meteorological parameters (wind
oo speed and direction, pressure, temperature, relative humid-
() = L dRa(k) _C' (k)< ()  ty)were also continuously monitored.

* 2
E* dk 2 K(C*/2+1)|:1+(K*)C /2]

ra
from which one can compute the dispersion (standard devi-
ation) of the hygroscopicity parameter arountl as a,(z =

Atmos. Chem. Phys., 11, 8793808 2011 www.atmos-chem-phys.net/11/8791/2011/
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9000 " p——— Figure 6a shows campaign averagegldp) at different

otal —_— .2% . . .
80001 o CON 0.58% — CON 0.51% supersaturation levels. As expected, the diameter at which
7000

‘f — CON 0.66% — CON 0.73% half of the particles activatelgso), increases with decreas-
ing supersaturation, althougka(dp) is remarkably consis-
r;f tent throughout the measurement period. The CCN activity
[ '|,
(K l\ ¥
W i
L

6000 -
5000 -
(portrayed by the relationship betwesganddpsg) for the
whole measurement period is presented in Fig. 6b. The hor-
izontal error bars represent the variabilitydgso throughout

4000 4
3000 -

Number Concentration (cm-3)

20009 | ! A L h . ’ o ) .
10004 “ kl “ % A thg .study period; the varl'a.blllty reflects the shifts in gerosol
0 . . . . . mixing state and composition throughout the campaign. The
17 137 67 97 2277 257 287 317 38 6B vertical error bars denote the standard deviation of the in-
Date strument supersaturation between calibrations. The aerosol

sampled throughout the measurement period is highly CCN-
Fig. 4. Time series of.the CN and CCN measurements throughoutytive even at the lower supersaturations. Figure 6¢ and d
the measurement period. showR(S) for 40, 50, 60, 80 and 100 nm particles measured

on 14 July and 24 July, respectively. The case of 24 July

is chosen for being close to the campaign averages (within

3 Results and discussion 15 %) and representative for the northeast and southeast sec-
tor. For air masses coming from Central and Eastern Eu-
3.1 CCN Measurements rope (Fig. 6¢) the activation fractions are somewhat lower

and do not exceed 80 %, even at the higher supersaturations
The complete time series of the CN and CCN measurementsand larger particle sizes. This is not the case for local air
obtained from the integration of the SMPS and CCN activ- masses (Greece) and masses originating from the rest of the
ity spectra can be seen in Fig. 4. The CCN generally corgeographic sectors (Fig. 6d), where the majority of the par-
relate well with CN, with CCN concentrations increasing ticle sizes £50 nm) are activated and form CCIR{> 0.8)
(as expected) with supersaturation. Throughout the meaeven at 0.5 % supersaturation. Despite these variations, the
surement period, CCN concentrations at each supersaturghape of the activation curves does not change significantly
tion level varied by up to a factor of 7. The measured CCNwhich implies that the size dependence of the particle com-
concentrations at 0.51, 0.66 and 0.73 % supersaturation wefgosition does not vary much over time. It is possible that the
often very similar and close to CN concentrations (with av- Jower R, values observed for air masses coming from Central
erage values of 20081304 cnt3, 2205+ 1407cnt® and  and Eastern Europe are due to external mixing with bound-
2203+ 1432cnr3, respectively). A two-sample t-test was ary layer aerosol and some less-hygroscopic material (e.g.,
performed on CCN timeseries observed at the highest supekoot). Indeed, for the time period of 14—24 July, BC aver-
saturations (0.51, 0.66 %, and 0.73 %). It was found that thea_ge concentrations were in the order of (498.47 ng nr3
data at 0.51% supersaturation are statistically different (atvhile for the rest of the measurement period (10-14 July
the 95 % confidence level) from those collected at 0.66 anthnd 25 July—6 August) average BC concentrations were of
0.73%. Data collected at the latter two levels however werep.67+0.24ng 3. The particle size distributions (Fig. 7)
statistically indistinguishable. The high activation fractions during that day (14 July) exhibited a bimodal profile, with
at these supersaturations (&8.0), and the small change a pronounced maxima in the small particle range (40 nm).
between 0.5% and 0.75 % suggests that most particles arg&nother possible explanation for the decrease inRheal-
activated at~0.6 % supersaturation. This behavior is con- yes is the mixing and subsequent dilution of the aerosol with
sistent with the findings of Bougiatioti et al. (2009) and re- “cleaner” air masses from aloft (Fig. 1a).
flects the characteristics of aged aerosol, where most parti-
cles are relatively large and contain significant amounts of3.2  Time series and chemical composition
soluble material.

CCN size distributionsdCCN/dlogDyp) were calculated The complete time series of characteristic parameters de-
by multiplying Ra(dp) (EQ. 1) with the corresponding aerosol rived from Ra(S) (e.9., E*, «*, o,) and the chemical com-
particle number size distribution obtained from the SMPSposition measured throughout the campaign are illustrated
(Moore et al., 2010). Examples of CCN size distributions in Fig. 8. The average particulate matter concentration of
at the different supersaturations are shown in Fig. 5. As thehe PM, fraction during the measurement period was of
supersaturation increases, the CCN concentrations also irk3.75+ 4.8 ug nt3, accounting for 46 9.5% of the total
crease with the distributions converging towards the aerosomass. Ammonium sulfate accounted for 82.9.2 % of the
total number distribution. At the lowest supersaturation total inorganic PM mass fraction, with the remaining inor-
(0.2%), all particles with diameters above 90-120 nm acti-ganic mass consists mostly offiK and on occasion, small
vate, while all particles above 60 nm form droplets at 0.38 %.amounts of NQ and CI. The sulfate volume fraction on
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Fig. 5. Examples of daily average CCN distributions from 2 August at different levels of supersaturation.

Table 1. Average concentrations for organic components and major ions fara®d PM .

PM; \ PMqg

Concentration  10-23 July 24 July-6 Augﬂst10—23 July 24 July—6 August
(ug nr3)

oC 2.58+1.12 3.04£1.55 | 3.16+1.48 3.72£1.69
EC 0.36+0.25 0.32£0.17 | 0.39+0.19 0.4£0.22
WSOC 1.74+-0.86 1.93+0.84 | 1.55+0.62 1.6140.99
504217 7.01+2.4 5.53+1.69 | 8.36+1.37 6.98+1.01
NO5 0.17+£0.12 0.06:0.04 | 2.53+£0.14 2.56+0.09
ClI- 0.35+0.23 0.05£0.04 | 2.73+0.95 1.47+0.58
Kt 0.47+£0.28 0.24£0.11 | 0.69+£0.18 0.34£0.07
Nat 0.03+0.01 0.03£0.02 | 0.48+0.33 147404
NHZ 2.12+0.61 1.8£0.5 | 2.32+0.33 2.08:0.3
cat 0.3+0.23 0.02£0.02 | 1.12+0.31 0.9A40.45

average was 08 0.06 (Fig. 8b) and the sulfate concentra- the aged nature of the aerosol (Jaffrezo et al., 2005 and refer-
tion had a campaign average of &@.8ugnT3. As ex-  ences within) and is consistent with RM/SOC reported for
pected, air masses originating from Central-Eastern Européhe area (Bougiatioti et al., 2009). The carbon components
presented a higher particle load, which is expected for anand major ion average concentrations for Pahd PMg are
thropogenic emission-laden air masses, but with a smallepresented in Table 1.

amount of sulfate (5.3 1.6 ugnT3) and therefore this can The effective hygroscopicity parameter (Fig. 8a) derived
explain the lower hygroscopicity values observed during thatfrom the PMy filter analysis was 0.22 0.04, which is in
period. These air masses usually contain a larger numbesimilar tox (0.24-+ 0.08) derived from PNp measurements

of small particles that demonstrate larger activation diame-at the same location but over a different time period (Bougia-
ters, lower activation fractions, as well as lower hygroscop-tioti et al., 2009).« is calculated from the soluble fractions
icity. The particulate organic matter (OM) concentrations of the organics and the sulfate £ xses+ korgeorg), With
remained close to the mean value ot @.7ugnt3, nev-  ks= 0.6 andkog= 0.16 (Bougiatioti et al., 2009). From
ertheless it is expected that the CCN activity is influencedthe SMCA analysis, we can derive a size-distribution aver-
by the nature of these organics (“fresh” vs. “aged”). From age hygroscopicity paramet&t,

the organic carbon analysis, the fine mode (PNMepre- ~

sented 72.&17.7 % of the total organic carbon concentra- [k (dp)n(dp)ddy

tion, varying from 1.1 to 6.1 ugn?. The WSOC analysis =0 )
showed that 51.6 7.6 % of the total (bulk) organic carbon o0

was water-soluble, with this ratio reaching 6Z6.6 % in Of”(dp)ddp
the fine fraction. Although high, this ratio is consistent with
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12000 — where n(dp) is the aerosol number size distribution func-
—240uly tion (obtained from the SMPS observations). The avekage
1August over the measurement period was (43@.04, and is some-
what higher than the derived from the P\-filter measure-
ments but closer to the derived from the daily PMfilters
(0.31+0.06), suggesting an on average higher hygroscop-
icity of small particles (which would affea more than the
mass-weighted). Nevertheless, both hygroscopicity param-
, eters are not considerably different and close to the average
10 100 1000 value of 0.3 proposed for continental locations (Andreae and
Dry diameter (nm) Rosenfeld, 2008; &schl et al., 2008; Rose et al., 2008).

Figure 8c shows campaign-average value&df«* and
o, deduced fromR4(S); Fig. 8d, e present the same quanti-
ties for 14 and 24 July, respectively. As expected, all par-
ticles are highly hygroscopic throughout the measurement
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Fig. 7. Daily average aerosol size distributions, characteristic of the
air masses sampled.
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measurement periodb) sulfate volume fraction time series afc) chemical and mixing state parametes*( «*, o, ) averages for the
whole measurement period and for 14 J(dyand 24 Julye).

period. Larger particles exhibit somewhat larget (re- on size-dependant hygroscopicity. The chemical disper-
flective of their age, or complete activation at the maximumsion, portrayed by, represents the standard deviation of
supersaturation measured) and lowé&r The latter is con- the fit around«*. It remains low and mostly constant
sistent with more sulfate condensation on the smaller partithroughout the whole measurement period for all particle
cles, and confirms the postulation of Bougiatioti et al. (2009)sizes, consistent with the aged and well-mixed nature of the
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Fig. 9. (a) Time series of the hygroscopicity parametérfor the five dry particle sizegb) diurnal variability of the activated fractiorf(*)

for 14-15 July(c) inferred hygroscopicity parameter*() for 14-15 July(d) E* for 30-31 July, ande) «* for 30-31 July, respectively.

aerosol arriving at Finokalia. Comparing the characteristicsFig. 9a. We can see that the day-to-day variability bfis

of aerosol in different air masses, Central-Eastern Europeatess pronounced as we shift to larger dry particle sizes, with
aerosol (Fig. 8d) exhibits 2.5% smaller hygroscopicity pa-the smaller particles exhibiting greater hygroscopicity val-
rameter than particles from Greece and eastern/southern seges (~0.1« units higher) and variability than the larger ones.
tor (Fig. 8e). The main difference was a small decrease in th&'he greater variability for smaller particles can partially re-
E* values, to around 0.85. This decrease may suggest thdlect their origin, as they tend to be less aged (hence more
the particles exhibit a small (but detectable) chemical heteroheterogeneous in their properties) than accumulation mode
geneity which leads to a small fraction of them not activating particles. After 20 July, the day-to-day variability within
the dry particle sizes decreases, even at the smallest sizes.
This is probably due to the fact that after 20 July the air

in the CFSTGC.

3.3 Diurnal behavior of CCN activity

www.atmos-chem-phys.net/11/8791/2011/

masses arriving at the site originated mainly from the “non-
polluted” areas, such as the Western Mediterranean, Eastern
The complete time series of the inferred hygroscopicity pa-and Southern sector, as well as local Northern sector (Greece
rameterc* given as daily averages, for five of the dry parti- mainland, Southern France and Southern Italy). Therefore

cle sizes examined (40, 50, 60, 80 and 100 nm), is plotted in

Atmos. Chem. Phys., 11, 8308 2011
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100 0.35 3.4 CCN closure

90 1 A closure study for the prediction of CCN concentrations is

5
g
3& § performed using different assumptions about the hygroscopic
R | s &  behavior of OM. The CCN concentration in each SMCA
g 8 scan was calculated by integrating the CCN size distribution,
5 S Ra(do)n(dy)
3 I =) aldp)nidp),
§ o0 | 0.20 .g
2 v
o
8 0.15 i CCN= f Ra(dp)n(dp)ddp (6)
% 0
40 T T T T T 0.10 . ..
9707 1417107 1917107 2417107 29/7/07 3807  8/8/07 The calculated CCN are then compared against predictions
usingk-Kohler theory assuming a hygroscopicity parameter
Fig. 10. Time series of* versus ozone concentration. Kk = kses+Kofo, Wherexs, ko, is the hygroscopicity of the salt

and organic fractions, respectively, arle, their respective

; “ " ; i . volume fraction in the dr rosol. Thr losur roach
in the absence of “fresh” anthropogenic emission-laden air olume Iractio e dry aeroso €€ closure approaches

masses, aerosol chemical composition (hence hygroscopica-rT |Q|ves_t|gatidc:) (ab) E;%S;mlpt% that the_ organic f;actlorlw Islm-
ity) is more uniform. soluble, i.exo, =0, (b) o of the organics are water-soluble

Having in mind that the smallest activation fractions were (as suggested by a carbon mass balance of extracted filters;

found for air masses arriving from Central-Eastern EuropeBoug"”mOtI et al., 2009) and using the respective (variable)

at the beginning of the measurement campaign, we examr_lygroscoplcny parameter resulting from the 4-h filter analy-

ined the diurnal variability of the activated fraction as well as S'SI and,f(c)_uos 'an a F:]r_ef]c_”btﬁd CCN hygI’OTCOFf)ICIty”p _aramtgter
the hygroscopicity for the five dry particle sizes, for 14-15 value ofk = 0.5, WhICh 1S the average value for afl Invest-
July and for 30-31 July (which lies within the more “uni- gated particle sizes overthe_whole mgasurement period.
form” period). The results are presented in Fig. 9b, c, d Table 2 presents the predicted against measured CCN for

and e. It can be seen that increases after 14 h local time, the whole measurement period, assuming that the organics

for all particle sizes considered, with the average values be?® insoluble. Even with this simplified treatment, the CCN

. . 0 2 _
fore, and after 14 h being 0.360.09 and 0.93 0.1, respec- ]?IOSt‘:]re 'Sr:’elry gOtOd (;ela;{/l\\/lﬁ errﬁer.Si 14%, R?=0.93) t
tively. «* also increases after 14 h, but mostly for particles or the whole dataset. €n the average organic water-

smaller than 80 nm diameter. Photochemical oxidation Ofsoluble fraction is considered in the CCN calculations, the
' i 0, —

gas phase chemical species and subsequent condensationC(IJ?SL.”e. erroris further reduped. (+.];i_:8L2 %) and the under

low volatility products is a plausible explanation, as when prediction bias and scatter is diminished (best fit slope 0.97,

2 _ . . . _
e.g. SOA or sulfate condenses upon externally-mixed unac!e = 0.95). The underprediction bias at the low supersatura

tivated particles, it may shift these particles into the CCN tL|Jor_ls |sthalst9 red duced ?jt thtevt\;gg%r/(s)tgerf_atgratlonst(Tak?I? 2).
active spectrum, with a corresponding increas&Ein «*. sing the time-dependan ratio does not substan-

The connection between photochemical oxidation and CCI\fIally affect the closure, as it changes CCN predictions by

activity is corroborated by the similar trends betweérand 0”?/ él%z(noltshor\]/vn). th dicted inst d CCN
O3 concentrations which tend to follow each other (Fig. 10). . a eh aiso s (.)V\./ts € pre tIC € IagalnE % ﬂe?:surﬁ].
Furthermore, photochemical oxidation in the particle phaseg:l;negjsoy?r:giclg;ﬁ'eﬁfsgygoir dv?relzjlative érro' or O/'S
may add functional groups to the organic constituents al- . _ o

y uncti group gan " R?=0.92). The scatter is almost twofold higher than the

ready present, making them more hygroscopic. This is con-

sistent with the conclusions of Hildebrandt et al. (2010), Whotv;:/)(.)l.tca_ses exammeltlj a(ljboye, ;Eﬂeﬁt'\r’]e of the ltJnrtgsoIveq \Zja”'
showed that the OA composition exhibits a statistically sig-a ity In &, especially during the high-concentration periods

nificant diurnal variation with more oxidized OA present in (Fig. 9). Overall, the changes in the predictedetween

the afternoon (although there was no statistically significantthe three calculation scenarios do not affect closure consid-

diurnal variation observed in the bulk composition of the erably, largely because of the generally large CCN activation

non-refractory submicron aerosol). The same trend is Ob_fracnon and homogeneity of the aged aerosol population.

served in the CCN activity (with an increase &ri values
after 14 h) but is less pronounced (Fig. 9). Final§/; on
30-31 July shows a slight decrease (by 8 %) around 14 hlogjgyre 11a shows the application of TDGA to the droplet

cal time, which may be caused by the mixing and dilution growth data for the whole measurement period, for large
of the aerosol with air masses from aloft (Fig. 1d). A two- gerosol particles (100 nm) while Fig. 11b shows the droplet
sample t-test for unequal differences suggests this decreasgses for CCN withS, equal to the instrument supersatura-

is statistically significant at the 95 % confidence level. tion, Sin (i.e., for particles with diameteiyso). The solid line

3.5 Droplet activation kinetics
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Table 2. Regression statistics for the CCN closure.

Supersaturation (%) WSOC/OC=0 \ WSOC/OC=0.7 \ k=0.34
. CCNpredicted 2 CCNpredicted 2 CCNpredicted 2
(number of data pomts) CCNopserved R CCNopserved R ‘ CCNopserved R

0.21 (1012) 0.94 0.9 1.02 0.95 0.97 0.86
0.38 (865) 0.92 0.9 0.99 0.96 0.92 0.92
0.52 (942) 0.98 0.9 1.00 0.96 0.93 0.93
0.66 (816) 0.97 0.9 0.99 0.94 0.92 0.92
0.73 (762) 0.94 0.9 0.96 0.93 0.94 0.89
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Fig. 11. (a)Droplet sizes of CCN at the different supersaturations for ambient and calibration aerosol for large particles (b)®nop)et
sizes of ambient CCN atps50 and (c) Average droplet diameter at different dry particle sizes, all as measured at the exit of the growth
chamber.

represents the size of the activated calibration NaCl particles-7.5% at the lower supersaturations and does not exceed
(with S¢ equal to the instrument supersaturation), while the12.5 % at the higher supersaturations. The variability in the
light-colored round points represent the average droplet sizélroplet size seen in the NaCl and ambient aerosol data is of
from the ambient aerosol activation data with the respectivethe same order as the OPC bin resolution (0.5 um).

standard deviation. For large aerosol the droplet diameter The groplet sizes frompso particles exhibits larger scat-
from ambient measurements is on average above the l0Wggr than for 100 nm aerosol (Fig. 11b). This can also be seen
limit established by the calibration aerosol. The percentilej, Taple 3, which summarizes the average values of droplet
of droplets smaller than the lower limit of the NaCl ones is gjzes for both cases. The difference6(f %) between the
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Table 3. Average droplet size (standard deviation) measured by thef'z‘mbient particles suggests that Fhe mass transfer .coeffi.cient
optical particle counter (um) for different supersaturations. ResultsS the same for all particles, and implies that shifts in activa-

shown for Finokalia and NaCl calibration aerosol with dry particle tion kinetics (which would manifest as changegipare not
diameter of sizelpsoand 100 nm. considerable enough to affect the observed droplet size.

Based on the above it can be concluded that for the range
Supersaturation  Dry diametdpso | Dry diameter 100nm of supersaturatiqns considered, the aged orga.n.ics present in
the Eastern Mediterranean aerosol do not significantly delay

(%) Finokalia NaCl | Finokalia NaCl the CCN activation and growth process. This is consistent
0.21 2.2(0.6) 3.0(0.6) 3.7(0.3) 4.0(0.7) with the abundant amounts of sulfate and highly oxidized or-

0.38 49(06) 54(0.7) 64(03) 6.4(0.8) ganics (the extent of which is expressed by the high ratio

8'22 g'g Eg'g; ?; Eg'g ;'3 Eg-j; g-é Eg-g; WSOC/OC) present in the aerosol, which tends to be asso-
073 81(06) 80(0.6) 93(0.3) 9.9(0.6) ciated with rapid activation kinetics (Pdxdet al., 2010; En-

gelhart et al., 2008, 2011; Asa-Awuku et al., 2009, 2010;
Cerully et al.,, 2011). Although kinetic delays have been
previously observed in aerosol with anthropogenic influence
(Chang et al., 2007; Sorooshian et al., 2008; Murphy et al.,
two average values (2.21 vs. 3.68 um) at the lowest supersgg; Ruehl et al., 2009; Mochida et al., 2010; Asa-Awuku
saturation diminishes as the latter increase$4% at the gt 1., 2011), this effect was not seen at Finokalia. This may
highest supersaturation). This is consistent with growth viape a consequence of the highly aged (oxidized) nature of the

water vapor condensation, which tends to narrow the dropleherosol combined with its preconditioning (wetting) in the
distribution as the supersaturation (and exposure time) inmarine boundary layer prior to sampling.

creases. Activated CCN witK; ~ Sj, occasionally yields
droplets that are smaller than those from calibration NaCl
particles. Given thaRa(dp) is steepest atpso, small fluc- 4 Summary and conclusions
tuations in the instrument conditions, the presence of some
multiply-charged particles and the finite width of the DMA  Sjze-resolved CCN measurements from 0.21 to 0.73 % su-
transfer function may broaden the distribution of ambient ac-persaturation, aerosol size distribution and chemical compo-
tivated droplets beyond what was seen in the NaCl calibrasition were carried out at the Finokalia measuring site of the
tions. Nevertheless, the percentile of droplets smaller tharuniversity of Crete during the FAMEQ7 campaign in summer
the ones formed from NaCl does not exceed 6.5 % (of the to2007. The sampled aerosols arrived at the site after long-
tal number) for the higher supersaturations and7s8 % for  range transport with the organic fraction being mainly sec-
the lower supersaturations. These occurances are not correndary, “aged” and highly oxidized. The majority of the par-
lated with airmasses; it is therefore unclear if the observedicles tend to activate at a supersaturation of 0.6 %. When air
scatter in the droplet values is associated with experimenmasses originated from Central-Eastern Europe, aerosol par-
tal uncertainty rather than a kinetic limitation caused by theticle concentrations were higher and a statistically-significant
presence of the organics in the aerosol sampled. lower hygroscopicity parameter value was observed. The hy-
Finally, in Fig. 11c we plot the average droplet diameter groscopicity of small particles (40 nm) is @.lnits higher
as a function of the CCNc instrument supersaturation for 5than the one of larger particles (100 nm) with all particles be-
different dry particle sizes. The vertical error bars repre-ing highly hygroscopic. Particles smaller than 80 nm exhibit
sent the variability in the average droplet diameter through-higher hygroscopicity values after 14 h local time, which is
out the study period, calculated separately for each supersa¢onsistent with the condensation of secondary aerosol and
uration and each dry particle diameter. The horizontal er-oxidation of organic constituents in the particle phase.
ror bars represent the maximum supersaturation uncertainty Application of Kohler theory using measurements of bulk
(8%) quoted for the instrument (Rose et al., 2007). Thecomposition and size distribution resulted in excellent CCN
droplet growth is slightly greater for larger dry particle di- closure. Assuming that organics are insoluble, closure was
ameters (Table 3); this is because their critical supersaturaattained to within 2.8-14 % for all supersaturations and
tion is lower than for small particles hence grow for a longer with including the effects of the water-soluble organic frac-
time period during their residence in the CCNc. As the drytion reduces the underprediction bias (to +.82 %) and the
particle sizes augments however, the activated droplet diamescatter (fromR? = 0.93 to 0.95). This level of closure is
ter values converge, especially at the higher supersaturationsonsistent with the measurements carried out at Finokalia by
This is consistent with droplets approaching the asymptoticBougiatioti et al. (2009). Our results show a relatively lower
limit of diffusional growth,Dp — 2G 1 Sin, wherer is the ex-  error in closure than studies with aerosol with a variety of
posure time of the CCN to supersaturati and,G isthe  distinct local sources (e.g., Medina et al., 2007; Gunthe et
water vapor mass transfer coefficient to the droplet (Nenesl., 2009; Lance et al., 2009; Asa-Awuku et al., 2011), which
et al., 2001b). The convergence to a common limit for all tend to overestimate CCN concentrations (especially under
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polluted conditions). Finally, analysis of the droplet sizes ble and surface active species, Geophys. Res. Lett., 31, L01107,
using asymptotic and threshold droplet growth analysis sug- doi:10.1029/2003GL018202004.

gests that the activation kinetics of ambient CCN is mostly Cerully, K. M., Raatikainen, T., Lance, S., Tkacik, D., Tiitta, P.,
similar to NaCl calibration aerosol. This finding is consistent  Pe&ja, T., Ehn, M., Kulmala, M., Worsnop, D. R., Laaksonen,
with evidence to date that highly oxidized aerosol grows as 'éc hslrzgtki]\;aii.oglllkiﬁggcg?:?b g\r.(:ea'lo\?(;?essc;l :ﬁ’\%gﬁ‘;’g’rﬁ'g’uﬁzd
quickly as callb_ratlon salt aerosol. The present study.results the 2007 EUCAARI campaign, Atmos. Chem. Phys, Discussq,
suggests that, in the case of hygroscopic aerosols, in areas

o by local e e 11, 15029-15074]0i:10.5194/acpd-11-15029-2Q12011.
not influenced by local sources, CCN activity and dropletac-cpang R, v.-w., Liu, P. S. K., Leaitch, W. R., and Abbatt, J. P.

tivation kinetics can be successfully parameterized and pre- p . comparison between measured and predicted CCN concen-

dicted, even when size-resolved chemical composition mea- trations at Egbert, Ontario: Focus on the organic aerosol fraction

surements are not available. at the semi-rural site, Atmos. Environ., 41, 8172-8182, 2007.
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