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Abstract. Atmospheric particle size distributions were mea- amined with the use of a simplistic box model. These cal-
sured on Crete island, Greece in the Eastern Mediterraneagulations suggested that the day-time evolution of the Aitken
during an intensive field campaign between 28 August andparticle population was governed mainly by coagulation and
20 October, 2005. Our instrumentation combined a differ-that particle formation was absent during most days.

ential mobility particle sizer (DMPS) and an aerodynamic
particle sizer (APS) and measured number size distributions

in the size range 0.0348m-10um. Four time periods with 1 |xtroduction

distinct aerosol characteristics were discriminated, two cor-

responding to marine and polluted air masses, respectivelyDuring the past decades, atmospheric research has been con-
In marine air, the sulem size distributions showed two par- cerned with the global distribution of atmospheric aerosol
ticle modes centered at 67 nm and 195 nm having total numparticles because of their effects on global climate by in-
ber concentrations between 900 and 2000%nin polluted  teraction with the incoming solar radiation (Haywood and
air masses, the size distributions were mainly unimodal withBoucher, 2000; Lohmann and Feichter, 2005), their oxida-

a mode typically centered at 140 nm, with number concen+ion capacity of the atmosphere (Ravishankara, 1997), and
trations varying between 1800 and 2900¢in Superum  their adverse effects on human health (HEI, 2002; WHO,
particles showed number concentrations in the range fronp004). Aerosols are identified to play a key role on earth
0.01 to 2.5 cm® without any clear relation to air mass ori- radiation budget alleviating Green House Gases (GHGS) ef-
gin. A small number of short-lived particle nucleation events fects, it is therefore vital to understand the past and possible
were recorded, where the calculated particle formation rateguture influence of aerosols on regional and global climate
ranged between 1.1-1.7 crhs~ 1. However, no particle nu- (Solomon et al., 2007).

cleation and growth events comparable to those typical for The Mediterranean area is of special interest for global
the continental boundary layer were observed. Particles conelimate research because its atmosphere is influenced like-
centrations (Diametex50 nm) were low compared to con- wise by continental and maritime aerosol sources and com-
tinental boundary layer conditions with an average concenplex boundary layer processes. Especially for the Eastern
tration of 300 cm3. The production of sulfuric acid and its Mediterranean area, the dominance of northerly winds dur-
subsequently condensation on preexisting particles was exng summer leads to transport of polluted air masses from
the main continental Europe (e.g. Lelieveld et al., 2002).
Moreover, due to its proximity to North Africa, Saharan
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BY (mihalo@chemistry.uoc.gr) ods (e.g. Kalivitis et al., 2007). The combination of solar
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irradiance with the sea water in the marine environment re-winds prevail (Gerasopoulos et al., 2005). A detailed de-
sults in high levels of relative humidity (RH), that causes scription of the measurement site and the prevailing meteo-
aerosols to take up water and therefore contribute signifrology has been given by Mihalopoulos et al. (1997). Further
icantly to direct radiative forcing even in the absence of details on the current operations at Finokalia can be found on
clouds. Indeed, during July/August 2001, Markowicz et http://finokalia.chemistry.uoc.gr

al. (2002) showed that aerosols of anthropogenic origin in

the Eastern Mediterranean area, can contribute to a diurnad-2 Measurements and methods

average reduction of 17.9 WTA in the surface solar radia- ) ) . o
tion, an increase of 11.3 W in the atmospheric solar ab- Ambient particle number size distributions were measured

sorption, and an increase of 6.6 W Ain the reflected solar using a flow-controlled differential mobility particle sizer
radiation at the top-of-the atmosphere. Moreover, Vrekous{PMPS). This instrument follows the general design de-
sis et al. (2005) deduced radiative forcing estimates at the togcriPed in Birmili et al. (1999). Briefly, the instrument con-

of the atmosphere (TOA) in the order of —10 W fnduring sisted of a differential mobility analyzer (DMA; Vienna type,
the dry period (May to October). cf. Winklmayr et al., 1991), combined with a condensation

Atmospheric particle number size distributions are amongpamcIe counter (model 3010, TSI Inc., St. Paul). The system

the most important parameters from which the atmospheric,sc"’mned across a particle size range between 18 and 800 nm.

effects of an aerosol population can be derived (Penner et al§he"?‘th air was _cwculated in a closed loop and mamtamgd at
1998). Since particle number size distributions can be mealclative humidities between 10 and 30%. The aerosol inlet

sured with high time resolution, they can be used to distin-V&S equipped with an Andersen kdsampling head. Be-

guish between different air mass types, as well as to identif)f:ause of the high abso'“,te humidity prgsent in a”.‘b.‘e”t a_ir,
particle formation, and possibly transformation and removalaerosOI samples were dried before mobility analysis in a dif-

processes. In situ observations of particle number size dis‘iUSIon drier based on the Nafii membrane technology

tributions in the Eastern Mediterranean are thus importan{F)erma I?ure LLC Inc., Toms River, USA.)' This O!rylng .Step
for evaluation of these processes, however they are scarcdvas crucial because the laboratory container at Finokalia was

and have been limited to restricted periods in urban area@r-conditiongd .V\,’ith temperature cgntrol at’ez so that in :
(e.g. Petja et al., 2007) the case of significantly higher ambient temperatures to avoid

To better understand the variability and climatic role Wgter condensation in the aerpsolllmes entering the con-
tainer. Based on laboratory calibrations, the effect of parti-

of aerosols in Eastern Mediterranean, intensive measure-

ments of atmospheric aerosol particles were conducted be(Ele losses during the passage of aerosol through the diffusion

tween August and October 2005 at a remote location OIfhr'erDK/?ssbe n?glected for thf 3|ze range 18-800 nm where
Crete Island (ARIADNE -Aerosol Physcal and Chemial € system was operated.

I dentification on Cete). The main goals of the ARIADNE In addition to the DMPS, coarse particle number size dis-

. . . : ributions were m r r n aerodynami rticle siz
field study were to determine representative atmospheric pall- butions were measured across an aerodynamic particle size

ticle number size distributions and analyze them accordingfS gnégre thév- eriggé?:f‘;; 17]‘?;["?:::9 aSnt as;O?ySgrE_'zzzrggg ‘s
to their potential source regions. Additional results from the izer ( ’ ' - =t Fadl, ’

campaign, such as the hygroscopic particle properties an nd Leith, 2003). To obtain complete particle number size

. : o . : istributions in the range 18 nm—L®n we have transformed
chemical particle composition will be presented in a separat(%he APS distributions %rom aeroéilmr]lamic to electromobility
paper.

diameter.

During ARIADNE concurrent measurements were carried
out in order to fully characterize the physico-chemical prop-
erties of atmospheric particles in the area of Eastern Mediter-
ranean. PMp particulate matter was monitored using an
Eberline FH 62 I-R Particulate monitor and ozone concen-
fration was measured continuously by a Thermo Electron

2 Experimental
2.1 The atmospheric research station at Finokalia, Crete

Particle measurements were conducted between 29 Augu ) ' a v
and 20 October, 2005 at the Finokalia research station, 49C- Finally, regular sampling of TSP using filters andgM

remote coastal site in the northeastern part of the island opMall Deposit area low pressure Impactor sampling (SDI;
Crete, Greece (320N, 25°40E). Heraklion, the largest city Maenhaut et al., 1996) was provided to determine the chem-
on Crete with a population of about 140.000 inhabitants caric@l composition of the observed atmospheric particles.
be found 70 km east of Finokalia. A major urban agglom- The identification of the wind direction and air mass origin

eration on the northern shore of the Mediterranean is Athendvas based on 5-day back-trajectories calculated by the HYS-
(~4.5 Mio. inhabitants), located about 350 km northwest of PLIT model (Hybrid Single-Particle Lagrangian Integrated

the station. Athens and other urban centers of continental Eulrjéctory Model; Draxler and Hess, 1998).

rope and Asia are the main sources of pollution transported
over eastern Mediterranean, mainly in summer when N-NW
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" A'W" ;;.L,,W eas (Seinfeld and Pandis, 1998). During the first period of
b) 23/8 28/8 219 719 12/9 17/9 22/8 27/8 2/10 7/10 12110 17110 22110 27110 the field Study (28 AUgUSt—S September) air masses from in-

dustrialized areas over Turkey, Eastern and Western Europe
resulted to high aerosol loading over Finokalia station. On

Fig. 1. Particle concentrations at Finokalia, Crete between 289 September, particle number concentrations started gradu-

August and 20 October, 2005a) total number ¢18 nm), (b) ally decreasing and henceforth lower levels of concentrations

Young Aitken (18-50 nm), Aitken (50-100 nm), accumulation were established with observed elevations mainly due to cer-

(100-1000 nm) and coarse (1-1f) particle concentrations. Pe- tain episodes.

riods A, B, C and D are defined in Table 1. During this study, four periods were distinguished by dif-

ferent levels of total particle number concentration, which

also corresponded to different air mass origins as shown in

3 Observations Fig. 2: Period A (21-25 September) represents air masses
_ . originating over Western Mediterranean, with particle num-
3.1 Particle number concentrations ber concentrations ranging between 900—1200%rfin-

terquartile range), and thus this period corresponds to mar-

The total particle number concentration at Finokalia sta-itime aerosols. During period B (27—-30 September) norther-
tion for the period 28 August-20 October 2005 is shownlies prevailed, introducing pollution aerosols from continen-
in Fig. 1a. Three frequency ranges of variability were evi- tal Greece and Eastern Europe, resulting in elevated particle
dent: the low-frequency variability demonstrating the reduc-loadings (2300-2900 cn?). During period C (1-4 October)
tion of particle number from late summer to autumn, the mid- maritime aerosols enriched with pollution from Western Eu-
frequency variability in the order of few days, possibly cor- rope, leaded to intermediate concentrations in the range of
responding to different synoptic conditions and air mass ori-1200-2000 cm®. Finally, period D (5-12 October) was in-
gins, and finally the high-frequency variability represented asfluenced by continental air masses arriving from Turkey and
short-duration, episodical spikes. the Black Sea, resulting in total particle number concentra-

The influence from air masses with different characteris-tions of 1800-2500 c®. The above defined periods will
tics is examined with back trajectory analysis using the HYS-be used for identifying average distributions accounting for
PLIT model. Throughout the whole period air masses fromdifferent types of air masses. Representative particle num-
the wide NW-NE sector prevailed (83% of the period), indi- ber concentration values for each period are summarized in
cating influence from continental Europe sources. During theTable 1.
rest of the days air masses originated either from W or SW. To understand the variability of total particle number con-
The average total particle number concentration was aboutentrations, particle number time series for different size
1800 cnT3, the maximum was 4560 cnd and the minimum  ranges are plotted in Fig. 1b. We have discriminated between
was 360 cm?, the latter being typical for remote coastal ar- the following size ranges: Young Aitken (18-50 nm), Aitken
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£ Table 1. Classification of four distinct air masses and their corre-
% sponding total particle number concentration (Diamet&8 nm).
& o SO e Qe

§ 100 MC:D b o= = Period Duration Particle Type ~ Number

; gin"" Concentration
% 18 SIPAA)/ _/\AW (Cm—3)

S o0 2 4 6 8 1°P 12 ’ Al“ 6 18 20 22 24 A 21.09.0510:30- Marine 900-1200

- erio 25.09.05 00:00

E B 27.09.05 18:00— Polluted 2300-2900
8 30.09.05 18:00

GE, C 01.10.05 22:00- Marine 1200-2000
5 04.10.0510:00  (mixed)

g D 05.10.05 00:00- Polluted 1800-2500
E 12.10.05 00:00

E, mation as can be seen in the Young Aitken mode (Fig. 1b).

;:,3 These spikes are evident when very low number concentra-

5 tions of accumulation mode particles are observed, especially

° when maritime air masses prevailed, such as periods A and C

£ / of Fig. 1a. Since accumulation particles are limited in num-

2 0 2 4 6 8 10 12 14 16 18 20 22 24 ber, precursor gases are not scavenged onto preexisting par-

900 Period C ticles and formation of new particles is possible as discussed

E in Sect. 3.3.

é 100 e T es e - . 3.2 Particle size distributions

s >3 Qi OO o

2 2 3.2.1 Air-mass specific size distributions

E Bt 1t rrrrrrrr T T T 11|

e 0 2 4 6 8 10 12 14 16 18 20 22 24 Apart from the particle number concentrations, number size

. Period D distributions were additionally examined. The mean diur-

dN/% R — nal evolution of the number size distributions for each of the

1000 1396 1950 2723 3803 5311 7416 1036 1446 2020 2820 3939 5500 distinguished periOdS A’ B' C and D Of Flg 1 are presented

in Fig. 3. Two typical size distributions were found during
the period under study, characteristically for background and
olluted conditions respectively (Fig. 4). During the preva-
ence of maritime air masses, considered as background for
the remote coastal station of Finokalia, a bimodal size distri-
bution was found (Fig. 4a).
(50-100 nm), accumulation (100—1000 nm) and coarse (1- During these cases the Aitken and the accumulation modes
10um). On average, half of total particle number was de-were well distinguished, and the aerosol loading in both
rived from the accumulation mode, one third lied in the modes was low to moderate. An additional characteristic
Aitken mode and the rest were Young Aitken mode parti- of these cases was that the Young Aitken mode included
cles. Coarse particles were limited in number, however wheronly a small fraction of the total particle number. When
reaching their maximum concentration, they can be a signifidocal/regional sources or long range transported air masses
cant portion of the total particle volume and particle mass adnfluenced the area, then pollution particles were superim-
discussed later. The low frequency variability of the total par-posed on the background bimodal distribution. The result
ticle number concentrations was controlled by both Aitkenwas a unimodal size distribution (Fig. 4b) in the accumula-
and accumulation modes, indicating the equally significanttion mode range with high aerosol loading (notice the dif-
role of the regional/local sources and transported particleserent colour scale in the two graphs). A very interesting
during this period. phenomenon is evidenced in Fig. 4b. Between 12:00 and
The accumulation mode, corresponding to transported pol20:00 LT particles below 40 nm vanished and then appeared
lution aerosols, is mainly responsible for the mid-frequencyagain. This phenomenon has been observed several times
variability e.g. 11-14 and 27-30 September 2005. Finally, aduring the two month measurement period and is explicitly
certain number of spikes were related with new particle for-investigated in Sect. 4.

Fig. 3. Average diurnal cycle of the particle number size distribu-
tions during the four periods defined in Table 1. Abscissa represent
local time.

Atmos. Chem. Phys., 8, 6728438 2008 www.atmos-chem-phys.net/8/6729/2008/



N. Kalivitis et al.: Particle size distributions in the Eastern Mediterranean troposphere 6733

900 Finokalia, 13 October 2005 4000 4 ® Period A (maritime)
€ 1 = A.‘.A A Period B (polluted)
£ 3500 D= 139 10m) AA v Period C (mixed)
s o=173% oo\ ; A
£ E FS "

[7] 3 D
3000 ‘ A
_5 100 A
b4 4~ 2500 D,=53% 06(m) i a
° [ 0=143%+ 002 : :
§ BITrTT—TTrTT T T T T = 3 :
22000 | A D=
o 0 2 4 6 8 10 12 14 16 18 20 22 24 fa) ' 4 L D195 2(m)
o 1. Y . 0=135: 001
3 T 1500 D =66+ 08(m)
dN/diog D, (e’ % lo=157¢ ao2 - A
a) 100 130 170 220 280 360 470 600 790 1020 1310 1700 2200 1000 4 v x '-';V'.' . & Bv=164t 4(m)
1 G S A 0=138% 003
Finokalia, 28 September 2005 500 Y v -
~ 900 : le:A' ve L.
1E=, 0 '!.'-.'." ey f’".'éf.f:.:. .
] 10 100 1000
k7] D _(nm)
E 4
]
©
3
£ — A0 9T Fig. 5. Particle number size distributions representing different de-
o 0 2 4 6 8 10 12 14 16 18 20 22 24 grees of anthropogenic influence: Air masses A, B and C defined in
dN/dlog D, (cm”) Table 1.
|

100 140 190 260 360 490 670 920 1260 1740 2390 3280 4500

b)

Owing to the lower size limit of our DMPS system, a par-
ticle formation event was defined as a period when high con-
Fig. 4. Extreme cases of particle number size distributions duringcentrations of particles occurred in the smallest size inter-
the influence of(a) maritime air and(b) polluted continental air. /| (18-25 nm). Between 29 August and 20 October 2005,
Abscissa represents local time. only three new particle formation events were observed at
Finokalia. These three cases met the criteria given in Bir-
mili et al. (2003) to qualify as a significant particle forma-
For a more detailed investigation of typical characteris-tion event. The time for the Young Aitken curve to rise from
tics of the measured particle number size distributions, av4/e of maximum to maximum value was between 0.5 and
erage distributions have been calculated for periods A, B, C1 h, and similar values were found for the declining branch.
and D. In Fig. 5 the distributions for periods A, B and C Maximum number concentrations50 nm ranged between
are shown as representative of maritime, polluted and mixed 4002400 cm?, which corresponded to 40-55% of the to-
conditions while the distribution for period D is identical to tg] particle number concentration.
period C but with lower loading. Log-normal distributions  Formation rates for particles with diameters larger than
have then been fitted and average geometric median diame-8 nm (3g) ranged between 1.1 and 1.7 chs ! and were
ters and standard deviations were extracted. In the case fetermined by dividing the concentration of new particles
maritime/background air masses (period A) the Aitken andformed by the time necessary to reach the concentration max-
the accumulation mode peak diameters were found at 66 anghum (Kulmala et al., 2004; their Eq. 3). This is a good
195 nm, respectively, while during period C the influence gpproximation for air masses reaching Finokalia during this
from anthropogenic sources was seen as an enhancement gériod which can be considered relatively clean and homoge-
the Aitken mode towards peak diameters of somewhat fineheous since the pre-event concentration of particles remained
particles (53 nm). During period B (polluted air masses) thepe|ow 1200 crm® and back trajectory analysis showed that
average typically observed unimodal size distribution waswestern winds prevailed. Therefore the effects of both coag-

centered around 139 nm. ulation and transport can be considered small compared with
particle production.
3.2.2 New particle formation Figure 6 presents one of the three particle formation

events, starting on 23 September at 11:00 LT. The occur-
The particle number size distributions during the ARIADNE rence of small particles<50 nm) is limited to under two
field experiment were screened for possible events of sechours. This observation suggests that the particle forma-
ondary particle formation. The formation of new particles tion took place in a small cell of the atmosphere only. All
from gaseous precursors represents a major source of partevents observed during our experiment occurred during mid-
cle number (Kulmala et al., 2004), and it was not clear beforeday, suggesting that photochemical processes play key role.
our observations whether this phenomenon would happenin It is an important observation that despite the large
the East Mediterranean region frequently. amounts of solar radiation encountered almost every day in

www.atmos-chem-phys.net/8/6729/2008/ Atmos. Chem. Phys., 8, 6738-2008
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Finokalia, 23 September 2005 pactor measurements were accommodated (Gerasopoulos et
2 al., 2007) taking into account the conversion from aerody-

namic to physical diameters. For the estimation of the; PM

mass concentration we assumed that the fine mass fraction

corresponds to the mass collected on the impactor stages

with cutoff diameter smaller than 1.38n (physical diame-

0 i ter) (Saarikoski et al., 2005). This cutoff diameter is the most

0 2 4 6 8 10 12 14 16 18 20 22 24 representative of the fine particulate mass, leading however

dN/diog D, (em’) to an overestimation of fine particle apparent density.

e s T e e For the days with impactor samples, a Piime series

was reconstructed from the continuous fgMata set shown

in Fig. 7, assuming a constant RNM ratio during each

2-3 day sampling period. Within ARIADNE, nine impactor

samples were available and the apparent fine particle den-

sities are shown in Fig. 8. In all cases, median densities

the cloudless atmosphere over Crete, we recorded no largd@nged between 1-1.7 g cth Considering that the main

area nucleation and growth events that are rather typical foPart of the fine particle mode consisted of ammonium s;;lfate
the continental boundary layer (e.g., Kulmala et al., 2004;(Sciare et al., 2005), which has a densitypsfl.75 g cnr

Heintzenberg et al., 2007). It remains a current subject ofLide, 1991), and organic matter assuming here a density of
speculation why this is so. Reasons could be the lack of=1-2 g_chTS (Turpin and Lim, 2001), the calculated values
aerosol precursors, the scavenging of precursors by a larg¥€re within a range of rea_ll§t|c densities for fine partlf:les.
particle surface area in a regime of high relative humidity, orAlthough chemical composition measurements are available,
the lack of a vertical atmospheric exchange that is necessarg diréct comparison is not easy due to the numerous assump-
to lift precursors to higher levels where temperatures are lowons made in the calculations.

and thus favorable for particle nucleation.

Particle diameter (nm)

Fig. 6. New particle formation event observed on 23 September
2005 at Finokalia. Abscissa represents local time.

3.3 Apparent particle density and mass closure considera4¢ Disappearing Aitken particles: observations and
tion model simulations

Particle number concentrations measured by electromobility.1 Systematic disappearance of Aitken particles
analysis (e.g. SMPS) are based on the electromobility diam-
eter which, after the elimination of multiple charge effects, The systematic disappearance, or depletion of Aitken parti-
is the particles’ Stokes’ diameter. On the other hand othercles with diameters below 50 nm was observed at Finokalia
techniques (e.g. gravimetric, APS) provide aerosol measurestation as a reoccurring feature. Example for this behavior
ments based on aerodynamic diameters and thus any conare pictured in Figs. 6, 9a and 10a. As can be seen in Fig. 9a,
parison with the above requires assumption for particle shaphis disappearance of Aitken particles took place gradually
and particle density. Combining SMPS data with mass con-over hours, so that it is unlikely that it can be explained by
centrations, we estimated the range of apparent densities ar&ir mass changes that involve rather abrupt changes in con-
then discussed how realistic these densities are. centration. The disappearance was identified at almost half
Towards this direction particle volume concentrations of all days, and its special pattern highly differed case by
were calculated from number concentrations assumingase.
spherical particles. Volume concentrations were calculated Two patterns of Young Aitken particles depletion have
separately for the fine and the coarse modegsn{lcut off), been observed. The first pattern is characterized by a gradual
and are plotted together with the R§/mass concentration depletion of the particles. In general, this pattern is not nec-
at Finokalia station for the same period (Fig. 7). Here, it essarily related to diurnal variation of solar irradiance, as its
is evident that the fine aerosol fraction controlled by far theinitiation appeared in the late afternoon or even before sun-
variability of the total particle mass concentrations. Sincerise. The second pattern occurred only during day time and
the number concentration of coarse particles is very low, in-the maximum depletion was observed at noon or in the early
ducing significant errors in the coarse particle volumes, weafternoon while the depletion rate was more rapid. Both the
have confined the estimation of apparent densities to the findepletion intensity and the frequency of the Aitken mode de-
fraction of particles €1 um). pletion events, decreased from summer to winter (not shown
For this we need PMdry mass which was calculated here), indicating that they were strongly dependent on so-
assuming that continuous Riylmeasurements correspond lar irradiance variation and its impacts. The main mecha-
to dry mass and additionally using the SDI mass size dis-nism driving this process is suspected to be either condensa-
tributions during that period. PMPMjg ratios from im-  tion of gas phase species onto small particles or coagulation

Atmos. Chem. Phys., 8, 6728438 2008 www.atmos-chem-phys.net/8/6729/2008/
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Fig. 9. Particle number size distributions at Finokalia on 7 Oc-
processes. In order to study the impact of such a processpber 2005: (a) Measurement illustrating the gradual disappear-
simulations of HSOy condensation on the measured distri- ance of Aitken mode particlegb) box model simulation starting
butions and coagulation within the existing particle numberat 08:00 LT and involving only condensation and particle coagula-
size distribution were performed. tion. Abscissa represents local time.

4.2 Model description
reactions, but rather a plausibility check whether condensa-

A simplistic aerosol dynamics box model was applied to sim-tion and coagulation played a substantial role in the observed
ulate the potential effects of coagulation and condensation onliurnal cycle of Aitken mode concentrations.

the particle number size distribution. The objective was not The submicrometer particle population was described by a
to achieve a full microphysical description of aerosol dynam-sectional aerosol model. Experimental particle number size
ical processes - this would require the implementation of gadlistributions served as the initial input of the model. Two
phase chemical reactions, mass transfer rates, chemical reggrocesses were allowed to modify the particle number size
tions within the particle as well as heterogeneous chemicadistribution, condensation of sulfuric acid and coagulation.

www.atmos-chem-phys.net/8/6729/2008/ Atmos. Chem. Phys., 8, 673282008
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Finokalia, 1 2 : - -
900 inokalia, 15 October 2005 " The coagulation losses of particle number size concen-

tration were calculated using the Dahneke kernel for par-
ticle diffusion in the transition regime (Seinfeld and Pan-
dis, 1998). Since the size distribution change of low-
concentration polydisperse aerosol populations is predomi-
nantly located in the size range below 100 nm, our aerosol
model only accounted for coagulation losses of smaller par-
ticles onto bigger patrticles. In fact, no gain in particle diam-
eter of larger particles was considered, thereby avoiding the
need to numerically treat the complicated transition of larger
particles from one to another size bin.

On any account, several limitations of the model need to be
kept in mind during the discussion of the simulation results:
The absence of condensable species beyo@hi(this lim-

)
Particle diameter (nm) ~ Particle diameter (nm)

b 18 o o . : .
) itation is thought to be critical only for species with a diurnal
dN/dlog D (cm®) . L. .
o —— O e cycle different from that of solar radiation), no new parti-
100 1% 180 0 30 440 590 800 1070 1440 1940 2000 3500 cle formation was considered during the mid-day observa-

tion period (i.e., only the existing size distribution is allowed
Fig. 10. Particle number size distributions at Finokalia on 15 Oc- to evolvg W'th_ time), th_e rgguwemgnt of a quasi Lagrangian
tober 2005{a) Measurement illustrating a rather abrupt disappear- OPservation, I.e., no significant air mass changes were ac-
ance of Aitken mode particles during mid-ddly) box model sim-  counted for during the simulation period.

ulation starting at 11:00 LT and involving only condensation and _ _
particle coagulation. Abscissa represents local time. 4.3 Comparison between model results and observations

Two case studies were chosen to model the depletion of

Condensation of condensable species will cause a growth ofoung Aitken particles. The aim was to explore impacts of
individual particles and process the particle number size disvariable precursor concentrations and condensational growth
tribution. Since condensation in the transition regime causegf the particle population and compare the results with ob-
a growth of all particles by a similar diameter increment, served number size distributions. Consecutive runs assum-
condensation was accounted for by moving the sections ofng different levels of HSO4 were performed in order to es-
the aerosol model. As sulphuric acidA5,) was assumed  timate the total amount of vapors required to simulate the
as the only condensable species, condensational growth washserved depletion of Young Aitken mode particles. In both
governed by the diffusion of sulphuric acid monomers. Masscases best coherence was achieved using peak values for sul-
transfer rates were calculated assuming spherical particles, fric acid of 1—2-10” molecules cm3. The above mentioned
mass accommodation coefficiemtof unity, and Dahneke’s  values are representative for the site of Finokalia station (Bar-
interpolation formula for vapor diffusion in the transition douki et al., 2003). Dry particle density was assumed to be
regime (Seinfeld and Pandis, 1998). Immediate neutralizaq 6 g cn3 based on chemical analysis results for the inves-
tion with ammonia was assumed to take place, forming par+igated period, while wet particle growth factor was assumed
ticulate ammonium sulphate. 1.15. Sensitivity tests showed no temperature dependence in

H2SO; concentrations were calculated from a simple the range 283 K to 313 K, which is representative for the
chemical mass balance model considering production Vvidemperatures recorded during this study.
the reaction of OH and SQand the loss onto pre-existing  The first case study corresponds to the event of 7 October
aerosol (i.e., the condensational sink term CS) by using &005 and is representative of the first pattern (gradual deple-
pseudo-steady state approximation (e.g., Weber et al., 1997)ion). As shown in Fig. 9a the depletion of Young Aitken par-
k - [SO,][OH] = [H2SOy4] - CS 1) ti_cles began around 08:00 LT and Igsted for about 10 h The

simulated condensation process (Fig. 9b) agrees well in both

with k=8.5-10'3cm® s~ (DeMore et al., 1997). The diur- pattern and the depletion diameter cut off of 30 nm. Within
nal cycle of OH was assumed to closely follow that of solar the entire run, the bimodal distribution and the convergence
radiation. A general mean diurnal cycle with a peak value ofof the two modes to one, at the end of the run, are well simu-
2.10" cm~3 was assumed for this study, based on earlier worklated. The modelled and observed total particle number con-
at Finokalia (Berresheim et al., 2003). As shown in previ- centrations, corresponding to the value at the end of the run,
ous studies for the Mediterranean atmosphere, the simplisticoincide within 7%, ensuring the stability of the air mass and
mass balance approach was able to reproduys®C4 con- the validity of the comparison made.
centrations with a measure of determinatiofi= 0.86 (Bar- The second case of 15 October 2005 is characteristic of
douki et al., 2003; Mihalopoulos et al., 1997). the second pattern described above (Fig. 10). In particular,
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an abrupt depletion was observed after 11:00 LT with a to-observed. It is currently unclear why the production of new
tal duration of about 6 h (Fig. 10a). The observed deple-particles in the Eastern Mediterranean atmosphere is sup-
tion diameter cut off is 40 nm and is well captured by the pressed, given its high potential of photochemical precursor
model. The enhanced Aitken mode values after 14:00 LT argroduction.
simulated in the model and the evolution of the distribution On almost every second day, the diurnal cycle of the par-
follows in general the nature of the measurement (Fig. 10b)ticle size distribution featured a systematic disappearance
The deviationbetween the modelled and observed total partdepletion) of Young Aitken particles. Two types of deple-
ticle number concentrations at the final stage of the run istion were observed, a gradual one with in general low de-
about 30%, possibly indicating inflow of accumulation mode pletion rates and one with higher depletion rates which was
particles. observed only during daytime and correlated with solar radi-
Although the approach followed is simplistic, we were ation. We compared these observations with simplistic box
able to reproduce the time scale and the intensity of the phemodel simulations of the particle size distribution involving
nomenon of depletion of Aitken mode particles, as well asonly condensation of }504 and coagulation on larger parti-
the evolution of the particle number size distribution. Anim- cles. Despite the simplistic approach, the relative agreement
portant conclusion hereof is that the formation of particlesof observations and simulations suggest that during the days
<50 nm seems to be absent despite the large amounts of sof Aitken particle depletion, condensation and coagulation

lar radiation observed. are the main factors shaping the evolving size distribution.
The comparison adds up to the impression that nucleation of
5 Conclusions new particles is either insignificant over the Eastern Mediter-

ranean, or that newly formed particles are rapidly scavenged
An intensive field study was conducted at the environmentabefore reaching the observational size limit of 18 nm.
research station Finokalia of the University of Crete, Greece,
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