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Abstract.  The Antarctic near-coastal sub-micrometre directed in detailed examination of the observed new parti-
aerosol particle features in summer were characterised basete formation events. Indications of the preference of nega-
on measured data on aerosol hygroscopicity, size distributive over positive ions in nucleation could be detected. How-

tions, volatility and chemical ion and organic carbon massever, in a detailed case study, the neutral particles dominated
concentrations. Hysplit model was used to calculate the histhe particle formation process. Freshly nucleated particles
tory of the air masses to predict the particle origin. Ad- had the smallest hygroscopic growth factors, which increased
ditional measurements of meteorological parameters wersubsequent to particle aging.

utilised. The hygroscopic properties of particles mostly
resembled those of marine aerosols. The measurements
took place at 130 km from the Southern Ocean, which was;
the most significant factor affecting the particle properties.

This is explained by the lack of additional sources on the aerosol particle concentration, composition and dynamics in
continent of Antarctica. The Southern Ocean was thus &nhe atmosphere, are important to understand for predicting
likely source of thg particles and nucleating gnd condensingpe particle climatic effects (e.@ellouin et al, 2005 Wang
vapours. The partlcle§ were very hygroscopic (HGF 1.75 alynd Penner2009. Aerosol particle hygroscopic properties
90nm) and very volatile. Most of the sub-100nm particle affect hoth directly Klartin et al, 2004 and indirectly Bilde
volume volatilised below 108C. Based on chemical data, gng Svenningssea004 McFiggans et a).2006 the aerosol
particle hygroscopic and volatile properties were explainedagiative effects. Additionally, particulate hygroscopicity
by a large fraction of non-neutralised sulphuric acid togetheranq volatility can be used as indirect indicators of the particle

with organic material. The hygroscopic growth factors as-cnemical compositiongwietlicki et al, 2008 Svenningsson
sessed from chemical data were similar to measured. Hygroat a1, 2006 Johnson et 812004

scopicity was higher in dry continental air masses compared  Ajthough the physical and chemical properties of Antarc-
with the moist marine air masses. This was explained byic aerosol particles have been widely studieiiiamo et al,

the aging of the marine organic species and lower methane1998 Koponen et al.2003 Park et al, 2004 Shaw 1988
sulphonic acid volume fraction together with the changes inTginiiz et al, 200Q Virkkula et al, 20061, the knowledge

the in_organic aerosol c_hemistry as th_e aerosol_ had travelled,, these particles is yet partly inadequate. Strong seasonal
long time over the continental Antarctica. Special focus wasgq spatial variation of aerosol concentrations and composi-
tion (Adams et al. 1999 Ito, 1989 Shaw 1988 addition-

ally complicate the overall characterisation of the Antarc-

Correspondence tcE. Asmi tic aerosol features. Several studies suggest that the com-
m (eija.asmi@fmi.fi) position of the Antarctic sub-micrometre particles is mainly
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sulphuric acid partly neutralised by ammonfdéms et al.
1999 Ito, 1989 O’'Dowd et al, 1997 Shaw 1988 Virkkula

et al, 2006h. The sub-micrometre aerosol particle features
should therefore be best characterised by a relatively simple
sulphate chemistry.

Antarctica, because of its distance from anthropogenic
sources, is an ideal place to study natural aerosol processe!
Aerosol particle formation events, or precisely, growth of the
tiny nanopatrticles, are observed in numerous places arounc
the world, including Antarcticaulmala et al.(2004 and
references there in). Therefore, the source vapours for sec
ondary particle formation and further condensational growth
must exist there. Nucleation of particles has recently been
linked to gaseous sulphuric acid, but organic material is re-
quired to explain the observed particle growth rates (ud.
mala et al. 1998 Paasonen et al2009. Oceanic dimethyl
sulphide (DMS) can be a source of sulphur dioxide in Antarc-
tica, while the ocean can also be a source of both primaryFig. 1. Map of Antarctica where Aboa station is marked with a
and secondary organic&éntt et al. 2009 Gershey 1983 red star. The colourmap over the land areas presents the altitude in
O’Dowd et al, 2004 Spracklen et al.2009. Kawamura mas.l.
et al. (1996 and Virkkula et al. (20069 have observed or-
ganic carbon in aerosols in Antarctica. This gives a reason
to presume a contribution of organics to particle chemistry in
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There are minor gaps in the data especially in the begin-
I . ning of the measurement period due to technical problems
addition to the sulphate species. . o

aeimd power failures. As a result, hygroscopicity data were

The main aim of this research is to characterise the coast . L )
. ) : available between 10 and 28 January. Volatility data exists
Antarctic aerosol features in summer season. The particulate

. i . only on 29 January. Chemical composition and size distribu-

hygroscopicity and volatility have been examined together, . :
4 : . L . ... tion data exist from whole January 2007.

with the particle size distributions, chemical composition,
relevant meteorology and modelled air mass origin to obtain, 5 |nstrumentation
information on the particle formation and growth processes,
particle hygroscopic and CCN properties, particle chemistry,2 2.1 Hygroscopicity and volatility
and short-term variability of these features. To our knowl-
edge, these are the first aerosol hygroscopicity measuremeniygroscopic properties of 10, 25, 50 and 90 nm particles
made in Antarctica. were measured with a Hygroscopicity-Tandem Differential
Mobility Analyser (H-TDMA). The details of the H-TDMA
setup used are presented Bjn et al.(20073. The H-
TDMA sample air was taken from a PMnlet, extending
2m above the roof with a total line length of 2.5m. Sample
lines were built up of 6 mm stainless steel and copper tubes.

We measured aerosol particle hygroscopicity, size distribu-The H'TDMA consisted of two Differential Mobility Anal-
tions, chemical composition and volatility in Queen Maud YS€rs (DMA): a 10.9cm long Hauke-type DMAL selected

Land, Antarctica. The measurements were conducted at thi€ dry particle size and a subsequent differentially scanning
Finnish research station Aboa (0® S, 1325 W, Fig. 1) 28.Qcm Ipng I_—|aL_1ke-_type _DMAZ measured the humidified
during the Antarctic summer 2006/2007 from 29 DecemberParticle size distributionWinkimayr et al, 1991 Knutson

to 29 January. The station is located about 130 km from the?"d Whitby 1979. Both the aerosol and the sheath flow

open sea on a nunatak Basen in the Vestfiella Mountains. Th¥ere humidified. The relative humidity (RH) in the DMA2

instruments were operated in an Aerosol Research Labora¥@S 90.&0.5%.  Sheath flows, 6£0.2LPM in DMA1

tory (ARL), about 250 m from the main station facing south- @nd 10.6:0.1LPM in DMAZ, were controlled with needie
west, at an altitude of 496ma.s.l. The opposite directionVa/Ves. Both DMAs were operated in closed loopskinen

was declared as the contaminated sector {2005) due and Makek, 1997). The residence time of the humidification
to diesel generator and motor vehicle emissions at the sta/@S around 2, and thus adequate for the such small parti-
tion. The data, measured during southwesterly winds fror-l€ Sizes Kerminen 1997). The scanning time of the DMA2

the contaminated sector were omitted from further analysis, Was around 15min per size and the distributions of the four
particle sizes were measured in an hour. The sample flow rate

was 1LPM and prior to the H-TDMA a neutraliser (Ni-63,

2 Methods

2.1 Measurements
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3_70 MBQ)_ was used to obtain a steady-s'_[ate charge diStribu"rable 1. Hygroscopic growth factors of ammonium sulphate deter-
tion. Particle numbers were measured with a TSI Condensas,ined in H-TDMA calibrations.

tion Particle Counter (CPC) model 301Qyant et al.1992).
Mobility distributions measured with DMA2 were inverted Size [nm] HGFE
using functions byStolzenburg(1988. Lognormal modes

were fitted to the inverted humidified particle size distribu- 28 %iggg
tions. The hygroscopic growth factors (HGF) were deter- : :

. : X X L 25 1.64:0.01
mined as the median size of the fitted mode divided by the 10 158:0.02

dry particle size. For comparison, data from one day were
inverted with the routine bysysel (2009. The difference
between the inverted spectra achieved using the two methods )
was insignificant. As the ARL had no air conditioning, the tra Il suppressors and KOH-eluent. The cations were anal-
indoor temperature fluctuated. To maintain the measuremerse€d using a 4mmi.c.250 mm length CS-12A analytical
temperature of the H-TDMA constant, the DMA2 flows were column, a 4 mm i.ck50 mm length CG-12A guard column,

in an isolated space equipped with air conditioning. The tem-2 4 mm CSRS-ULTRA Il suppressor and methanesulphonic
perature of the DMA2 was kept in 2G:1.0°C. acid eluent. The uncertainty of the ion chromatogr_aph anal-

Dry scans were performed before and after the measuretSis i of the order of 10-15% for all analysed ions and
ments. Additionally, calibration scans with ammonium sul- the guantification limit for major ions was 2.5 ngml The
phate were made every second day. Results of the calibratioflank samples, one for each analysed sample, were handled
scans are presented in Talile similarly and subtracted from the final presented results.

For the last measurement day, 29 January, the aerosol hu- T0 compare with the aerosol physical measurements,
midifier was replaced by a thermodenuder to make VoIatiIity—the chemical mass balance was calculated for the smallest
Tandem Differential Mobility Analyser (V-TDMA) measure- (=1 um) impactor stages. Details of the analytical procedure
ments. Details of the thermodenuder and the calibratiorAr€ presented byeinila et al.(2000. The degree of neu-
are presented bghn et al.(20071). Even though the ther- tralisation of the sulphuric acid with the ammonia was calcu-
modenuder losses depend on the temperaWehqer et al. lated based on N}Vnss—SCﬁ* equivalent molar ratio. If the
2002, they were not corrected for two reasons: 1) The tem-ratio was< 1, the aerosol was considered to be <_:omp_osed
perature range used was small, and 2) in V-TDMA, similarly ©f ammonium bisulphate ((NJHSOy) and sulphuric acid
as in H-TDMA, the absolute concentration is often insignif- (H2SOs), while with the ratic-2 the aerosol was assumed to
icant as only the peak diameters of the distributions are exPe ammonium sulphate ((Nf£SOs) with some excess am-
amined. However, it should be stated that in case of an exterd0nia. In between the aerosol was considered as a mixture
nally mixed aerosol there is a possibility that highly volatile Of (NH4)2SO; and (NH)HSO;. The sea salt mass concen-
particles are lost during heating. In this case, without know-tration was calculated as C+1.45Na* (Bates et a.200%,
ing the total aerosol number after the first DMA, the volatility Quinn et al, 200%, Virkkula et al, 20068.

of the aerosol can be underestimated. Organic and elemental carbon (OC and EC) samples of be-
low 1 um particles were collected using two quartz fiber fil-
2.2.2 Chemical sampling and analysis ters (Whatman Q-MA 47 mm) placed in series in a filter cas-

sette system (Gelman Sciences). Prior to the sampling, the
The size-segregated samples were taken using a 12-staggiartz filters were cleaned at 530 for six hours. In order
Small-Deposit-area low-pressure Impactor (SDpénhaut  to collect the submicrometre particle size fraction of PM only
et al, 1996. The SDI flow rate was 11 LPM. Substrate ma- (aerodynamic particle diameterl um, PM), the four upper
terial was polycarbonate (poreless polycarbonate film fromstages (8—11) of the Berner low pressure impactor (BLPI)
Nuclepore, thickness 10 um) punched to 21 mm diameterwere installed prior to the filter to remove supermicrome-
The theoretical aerodynamic cut-off diameteBsd) of the tre particles. The cut-size of the preimpactdsg) is deter-
SDI stages at 20C and 1013 mbar are 0.045, 0.086, 0.15, mined by the lowest stage, the others are used to divide the
0.23,0.34,0.59, 0.80, 1.06, 1.66, 2.68, 4.08, and 8.5 um. Th®M loading to several stages and to ensure removal of parti-
mass concentrations of sodium (Na ammonium (Nl{), cles well above the lowest cut-size. The nomingh value
potassium (K), magnesium (M), calcium (C&*), chlo-  for stage 8 is 2 um with a flow rate of 24.5 L mih but since
ride (CI), nitrate (NG), sulfate (S@~), MSA (CHsSC;)  the flow rate of the BLPI was increased to 80 L minthe
and oxalate were determined from the polycarbonate subDso value for the stage 8 decreased to 1 um. Calculation was
strates using ion chromatographs (Dionex ICS-3000). Thebased on the theory presented Rgder and Marpl€1985
samples were extracted with 3 ml of deionised water (Milli- assuming that the flow is incompressible and the Stokes num-
Q, Millipore Gradient A10). The anions were analysed us-ber is 0.24.
ing a 4mmi.dx250 mm length AS-11 analytical column, a A 1.0 cn? piece was cut from the quartz filter for the anal-
4mmi.dx50mm length AG-11 guard column, ASRS ul- ysis. The operation principle of the thermal-optical-analyser
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is shortly following: OC is volatilised at four subsequent and 25nm to ensure the similarity and quality of the mea-
temperature steps in pure helium (He) atmosphere aftesurements. In the inversion the particle diffusional losses in
which the EC is determined in a mixture of oxygernpf@nd  the DMPS were taken into account. Losses inside the CPCs
helium at two temperature steps. Optical correction is ap-and DMAs were measured after the campaign while diffu-
plied for the separation of pyrolysed OC from EC. The tem- sional sampleline losses were approximated based on the
perature program used was similar to the EUSAARbro-  flow rates. It is possible that diffusional losses were slightly
gram Cavalli et al, 2010. In total 13 blank samples were underestimated, as the concentrations in the first channel of
collected, and their concentrations were subtracted from thehe DMPS were low even during nucleation events. Thus,
presented results. The uncertainty of the OC and EC resulteeliable DMPS data was considered to start at 4 nm size. In

was estimated to be 20%. order to assure the quality of the DMPS data, the total parti-
The water-soluble organic carbon (WSOC) was analysedle number concentrationl0 nm was additionally measured
by the total-organic carbon analyser TOGp¢ from Shi-  with a TSI 3007 condensation particle counter.

madzu. The high sensitive catalyst was used to increase the The Air lon Spectrometer (AlS), manufactured by AIREL
sensitivity of the method. The non-purgeable organic car-Ltd., Estonia, classifies the air ions according to their electri-
bon method (NPOC) used in the TOC analyser has been desal mobility (Asmi et al, 2009 Mirme et al, 2007). The AIS
scribed in detail byTimonen et al(2008. The preparation consists of two cylindrically symmetrical mobility analysers,
of a sample for the analysis was following: a 2<piece  one for positive and one for negative ions. Both analysers are
was cut from the PM quartz filter, submerged into 15ml operated in parallel. The inlet of the AIS was a copper tube
of deionised water and rotated for 15 min prior to the anal-with an outer diameter of 35 mm and a length 0.5m. The in-
ysis. The estimated error of the WSOC results is 15% forlet was led through the ARL wall at the height of about 2m
atmospheric concentratiore? pg nm 3 and 10% for concen-  above the ground. The AIS measured the air ion mobility dis-
trations>2 pg 3. tributions over a mobility range of 0.0013-3.16¢ur 1 s,
SDI-impactor and OC/EC sampling system were mountedThis corresponds to a diameter range of 0.8-42 nm in normal
outside and the filters were stored in cold to prevent volatil-temperature and pressure. As a result a number mobility (and
isation of organic material. Thus, the cut-sizes are particlesize) distribution of positive and negative ions, divided into
ambient diameters. Samples were collected for 48 h eacR8 mobility (and size) sections was achieved with a 5min
within two to three days, depending on the wind direction. resolution.
If the wind blew from the polluted sector (28&275), the ] )
sector control switched off the sample collection. 2.2.4  Supplementary instrumentation

Weather parameters: temperature, pressure, relative humid-
ity, global radiation, wind speed and wind direction, out-

A twin-Differential Mobility Particle Sizer (DMPS) mea- side were recorded automatically with a year-round operat-

sured particle number size distributions in a size range ofn9 Milos-500 station located next to the ARL.
3-1000 nm with a 10 min time resolution. The twin-DMPS

consisted of two DMPS systems that were operated in pary Results

allel. A short Hauke-type Differential Mobility Analyser

(DMA) (Knutson and Whitby1975 Winkimayr etal, 199) 3.1 Meteorological conditions, origin of air masses and

of length 10.9 cm classified smaller particles (3—25nm) in variation of aerosol particle total number and vol-

10 separate sections according to their electrical mobil- ume over the whole measuring period

ity. Sheath flow was operated in closed-logKinen and

MakeB, 1997. The sample and sheath flow rates were 4The meteorological parameters: temperature, pressure,
and 20 LPM, respectively, and a calculation time of 45 s perglobal radiation and wind speed, and their variation during
channel was used. The particles were detected by a TShe period of measurements (Fig) give an overview of
condensation particle counter (CPC) model 303®lzen-  the weather conditions at the Aboa. Measured temperatures
burg and McMurry 1997). A Hauke-type DMA of length  were typical of the summer season, varying between 0 and
28.5 nm classified the bigger (10-950 nm) particles in 30 sec—10°C. Relative humidity varied in a range 30-100%. The
tions. The sample and sheath (closed-loop) flow rates were RH directly affects the particle physical form in the atmo-
and 5LPM, respectively, and the calculation time per chan-sphere. At these humidities it is unlikely that ammonium
nel was 6 s. Bigger particles were detected with a TSI modekalts would crystallise but will retain their hygroscopic hu-
3010 CPCQuant et al.1999. The twin-DMPS system was mid form. The tendency of the particles to retain their lig-
used in a PM inlet with a total line length of 4m. The in- uid form is even stronger for complex internal aerosol mix-
let top extended 2m above the roof. A neutraliser (Ni-63, tures including organicsMarcolli et al, 2004. The sun

370 MBq) was used to gain steady-state charge distributiorstayed above the horizon throughout the day, but the amount
of the particles. DMPS size ranges overlapped between 1@f incoming global radiation had a distinct diurnal cycle

2.2.3 Particle and ion size distributions

Atmos. Chem. Phys., 10, 4258271, 2010 www.atmos-chem-phys.net/10/4253/2010/
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the particles. The possible particle sources in Antarctica in-
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2 10 ; ‘ J although there is a discussion on the importance of the differ-
o 10 ? 10 = 20 Z ¥ ent vapour sources)Dowd et al, 1997 Park et al. 2004
S 102NV vris ey W Y
> ‘ ‘ ‘ ) _[—pwmrs Shaw 198&
10 c|——CPC . . . .
7 10° ? 10 15 20 2 Air mass back trajectories were calculated with the
% 10:1M N”WM% NOAA/HYSPLIT (Hybrid Single Particle Lagrangian Inte-
> 10 5 10 15 20 2 3 grated Trajectory ModelDraxler and Rolph2003 Rolph,
Time pon] 2003 model 120 h backwards every six hours for the heights

of 10, 500 and 1000 m. The trajectories for the three heights
Fig. 2. Weather parameters and aerosol total number and volumé:‘hqwed similar h'StOF}’ and were examined as a function of
concentrations measured at Aboa. Panels present temperature, réll€ir latest contact with the ocean (F@). The model re-
ative humidity, global radiation, wind speed, particle total num- Sults suggest air masses of recent marine influence before 11
ber and particle total volume in January 2007 from top to bottom,January, and on 13 and 23 January. In contrast, between 18
respectively. Both the intergrated number concentration from theand 22 January, and on 24 January, the air masses travelled
DMPS data and the total number measured with CPC are presentegbove the continent for at least 5 days backwards. Roughly
The volume concentration is calculated from the DMPS data. the period of January 2007 can be divided into 3 parts: recent
marine (days: 1-13 and 23), continental (days: 18-22) and
. ) o mixed (days: 14-17 and 24-28).
following the solar zenith angle. Thus, the radiation values A qiher way to examine the aerosol history was based on
were high with the maxima at around midday (solar time). ihe measured data. Since the DMS oxidation is the only
On sunny dg\ys maximum solar radiation was on the ordef,,yn source of the methanesulphonic acid (MSA), the rela-
of 800 Wnt <. Cloud cover reduced the incoming radiation e mass contribution of MSA can be used as an indicator of
as for example on 2 January when the dallly radiation r_"ax"marine influences. We calculated the MSA to nsé—S@;-
mum was only on the order of 400WTh High solar radi- (a1 mass ratio derived from SDI-samples (F4y. Typically
ation values and low RH values are shown to be favourablg,, antarctica the ratio extends from around 0.1 in central
conditions for new particle formatiorHamed et al.2007.  Antarctica to close to 1.0 in the Antarctic peninsula and the
Wln_d speed was high in the beginning of the measur_emenéouthern Ocean (e.gegrand et al.1992). At Aboa in sum-
period but decreased to below 1_0rﬁsift§r 7January. High  ner season, average ratio of 0.28 and 0.39 was observed by
wind speeds intensify the vertical mixing and are seen tOxarminen et al(2000 in sub- and supermicrometre ranges,
lead into formation ok 10 nm intermediate size ions at Aboa respectively. By comparing Fig8.and4 we observed that
(Virkkula et al, 2007). in general the ratio was higher in marine air masses, thus
Particle total number and volume concentrations (B)g.  coinciding with the trajectory analysis. However, the sam-
determined from DMPS data (sizesl um) in January 2007 ple collected between 18 and 21 January showed a ratio as
were on the order of, or slighly lower, than previously mea- high as 0.4, thus contradicting the modelled continental ori-
sured at AboaKoponen et al.2003 Virkkula et al, 20063.  gin. It should be kept in mind that both methods include large
The total number concentration varied from 50 to 30008m  ncertainties and they are vulnerable to different sources of
giving the average and median values of 374 and288-  errors. Therefore, no firm conclusions can be drawn based
spectively. The integrated total number concentration fromgp, individual trajectories. Both the ratio MSA/nss-?Oand
the DMPS agreed well with the number measured by thethe trajectories must be examined in particle source analysis
CPC alone. The new particle formation events are visibleang considered as indicatives of the general trends in air mass
in the data as increased concentrations, especially on 20 angdovements.
21 January. The total volume concentration was on average
0.2 un? cm~3. Underestimation of the volume was possible 3.2 Hygroscopic growth factors
due to the relatively long sample line (4 m) leading to gravi-
tational losses and low statistics of the measurements of th&hroughout the measurement period the humidified distri-
larger sized particles. bution was one-modal, which indicated an internal mixture
The origin of the air masses gives indications of the par-of the particles. Particle hygroscopic growth factors (HGF)
ticle sources and sinks and was used to study the history ofluring the period, total of 18 days, were high (Fi). The
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Fig. 3. Time of propagation (in hours) over the continent since last Fi9- 4. Ratio of MSA [ng 3] to nss-sulphate [ng ] in a size
contact with the ocean calculated for trajectories arriving at Aboar@nge of 0.045-20 um at Aboa, January 2007.

at 10 (blue circles), 500 (red circles) and 1000 (green circles) m
heights. Small number therefore corresponds to recent marine influ-

ence. Trajectories were calculated 120 h backwards every six hours . R I
If the air mass spent the last 120 h over the continent, no circle was 1755 F g =%+ e A
plotted. 17p &M X ?,i'."-. A\ S, a ég nm HGF=L.67 E
165f " 4 Fx v
. N 250
average HGF of 90 nm particles at 90% was 1.75 thus eX-u 16/ ) 1
ceeding the HGF of ammonium sulphate (which was 1.71, T ; g5} . J 4
Tablel). The average hygroscopic growth factors of 50, 25 15l < s 1
and 10 nm particles were 1.67, 1.§3 and 1.49, resp_ectively. ' - > ..-.-‘, 10 nm HGF=1.49
They were on the order of ammonium sulphate particle hy-  1.45¢ - . - 7
groscopic growth factors. Some variationin HGF values with 1 4/ ) v p

time was also observed. This variation showed no definite 13 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
diurnal cycle with the exception of 25 nm size, where on av- o 12 1 16 N
erage, slightly increased values were observed in daytime.

The HGF values detected in this study are similar as mea-
sured previously in marine environments (eMpssling et Fig. 5. Hygroscopic growth factors (HGF) of 90, 50, 25 and 10 nm
al.,, 2007 Tomlinson et al.2007). Swietlicki et al. (2008 particles as a function of time presented in red, blue, green and black
summarise various HGF measurements around the world andots, respectively, measured in January 2007 at Aboa. The lines
discuss the composition of the marine “more hygroscopic”present the average HGF values during the measurement period.
particles. They suggest three alternatives: partly neutralised
DMS-derived sulphate, aged sea salt with inorganics and
sodium sulphate, sea salt mixed with inorganics and organ¢R?=0.11 and 0.08) also with the air mass recent contact with
ics, or a combination of these. These all can be considerethe ocean. Recent contact with the ocean possibly has a cou-
as possible cases also in this study. pling with the RH and humidity. Thus, moist (marine) air

As discussed in previous section, meteorology affects thevas found to decrease 50 and 90 nm patrticle hygroscopicity.
particles. We examined the role of meteorology with a linearIincreased hygroscopic growth factors of 25 nm particles were
regression model and calculated the correlation of measurediso connected with low RH and humidity but not with the
meteorological parameters and air mass origin travel timeravel time from the ocean. This is believed to be explained
from the ocean with the hygroscopic growth factors. The by the fresh origin of the smaller sized particles in compari-
resultingR? values and their statistical significance are pre- son with the larger sizes, which have been influenced by the
sented in Tabl@. As expected, none of the meteorological air mass for a longer time. Larger particles additionally con-
variables alone can explain a large fraction of the measuredain a bigger fraction of cloud processed aerosol particles.
variation in HGF values. Yet some connections were found.No definite connections could be found between 10 nm HGF
At 50 and 90 nm sizes the low HGF values were connectedzalues and weather, mainly because of the lack of HGF data
with the high relative humidity®2=0.23 and 0.18), high ab- for 10 nm particles. Additionally, correlation of HGF with
solute air humidity £2 = 0.31 and 0.20) and to some extent solar radiation and temperature was tested but appeared to be
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Table 2. Correlation between wind speed (WS), relative humidity (RH), global radia@ntémperature®), absolute humidity of the

air (Hum) and trajectory travel time from the ocea¥r), and hygroscopic growth factors of 90, 50, 25 and 10 nm particles presented with
calculated linear regression coefficieRE] values. TheAt values were calculated only for the trajectories which had been in connection with
the ocean during the past five days. In brackets it is marked if the correlation is positive (+) or negatide ¢ marks those correlations
which were found to be statistically not significant (p-vah@e05).

Size [nm] WS RH R T Hum At [h]

90 0.02¢) 023() 0.01(+) 0.01¢)* 031() 0.11(+)
50 0.02¢) 0.18() 0.03(+) 0.006)* 0.20() 0.08(+)
25 0.02¢) 020() 0.12(+) 0.01(¥f 0.15F) 0.04(+)
10 0.01 ¢)* 0.05()* 0.01(+y 0.01(+} 0.06¢) 0.12(+)f

mostly non-existing. Only increased radiation seemed to in- water droplets, decrease the vapour source, which can
crease the growth factors of 25 nm nucleation mode particles  further affect the particle chemical composition.
(R?=0.12), as could be expected based on a diurnal cycle of ) o ) )
the 25 nm HGF values. This indicates a possible role of pho- 3) The third option is difficult to predlct' asthe mterfgrence
tochemistry for the freshly born secondary particle chemical of water vapour for several inorganic and especially or-
composition. ganic gas-phase chemical reactions is unknown. Addi-
The effect of RH and moisture on particle HGF could be ~ tionally the particle chemistry, and furthermore hygro-
due to 1) recent marine connection of the aerosol, 2) de- ~ SCOpIC properties, are affected by aqueous phase reac-
creased source of condensing hygroscopic vapours through ~ tions taking place in liquid particles (e.gane et al.
diminished gas-phase oxidation chemistry and increased 2001 Volkamer et al.2009. Findings byBuchholz et
vapour sink, or 3) different chemical reactions taking part @l (2009 suggest that secondary organics generated in

in dry and moist aerosols.

1)

2)

sunny conditions are more hygroscopic and also more
CCN active than those generated under cloudy condi-

The majority of Antarctic boundary layet1 um par- tions. Additionally Buchholz et al.(2009 observed
ticles in summer compose most likely of sulphates of that increased organic aerosol hygroscopicity with ag-
marine origin Bigg et al, 1984 Gras 1983 Ito, 1989 ing was enhanced in sunny conditions. If we assume
O’Dowd et al, 1997 Shaw 1988 possibly together that higher RH predicts cloudiness, this could partly ex-
with some organicsawamura et a).1996 Virkkula plain our results. However, if we only consider the wa-
et al, 20069. If the decreased hygroscopicity is due ter content of the air without the cloudineg2pulain

to the vicinity of the particle source (ocean) this could et al. (2010 observed that secondary organic aerosol
refer to the aging effect of the aerosol particles con- hygroscopicity increases with increasing water vapour
taining organics Buchholz et al.2009. Another op- mixing ratio.

tion would be a gradual neutralisation of sulphuric acid ] )
with ammonia to form ammonium bisulphate, letovicite 10 conclude, organic species heterogeneous and gas phase

((NH4)3H(SQs)2) and ammonium sulphate particles. chemical reactions and aging of secondary organic aerosol in
O’Dowd et al.(1997) observed that Antarctic particles Sunny conditions could affect the increased HGF values with
in marine air masses were more neutralised than partig:iecreasing RH and water content, assuming they indicate the
cles in polar air masses, which implies that the South-Vicinity of the marine source and decreased cloudiness. Also
ern Ocean is the source of ammonia in Antarctica. Thisthe degree of neutralisation of sulphuric acid might depend
leads to higher hygroscopicity of the polar (continental) ON the air mass origin and affect the hygroscopicity. Humid
air mass particles, as the sulphate particle hygroscopicMarine air masses, containing larger amounts of neutralised

ity decreases with the degree of ammonia neutralisationSulPhate particles and less aged organics would thus lead to
lower particle hygroscopicity.

Increased RH, which further increases the particle sur- A factor we found to affect the HGF variations was the rel-
face area, leads to an enhanced sink of condensablative humidity in the first DMA (Fig6). The HGF decreased
vapours. Hamed et al (2009 studied the concentra- with both increasing DMA1 RH and increasing time. If the
tion of gas phase sulphuric acid as a function of RH HGF actually decreases with the DMA1 RH, this could sug-
and observed a decreasing trend. They speculated thaest substances which do not exhibit deliquescence, such as
RH might have a similar effect on condensable or- some organics, MSA or sulphuric acid. However, the cor-
ganics. Both the suppression of source through in-relation is not well-defined and might also be a secondary
creased RH and cloudiness, and enhancement of sinkffect of other influences, most probably the connection of
through increased particle surface area, and possibi\sample air RH with the outdoor air RH. This correlation was
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8 Size: 90 nm - Size: 25 nm Table 3. Variables (VAR) of particle total numbetVot), hygro-
scopic growth factors (HGF) and air mass origin corresponding to
17 o, particle number size distributions grouped into three clusters (C1,
178l 1- IR C2, C3) presented in Fig. Average and standard deviation of total
' X0 A 165 et particle number [cmi®] and HGF of 90, 50, 25 and 10 nm particles
(TR :-. -: L4 w s . [ . 5 e .
9 P o S TN are presented for each cluster type. Additionally, the influence of
1l . - 16 W :~ . marine, mixed and continental air masses are shown in [%)]. The air
’ . masses were devided based on the lowest (10 m) trajectory propaga-
155 tion time from the ocean using boundarie4 h (marine), 24-72h
(mixed), and>72 h (continental).
1.65 15
2 3 4 3
DMAL1 RH [%)] DMAL RH [%]
VAR C1 Cc2 C3
10 12 14 16 18 20 22 24 26 28 Ntot 1350890 316150 29680
HGF90 1.720.03 1.76:0.02 1.73£0.02
HGF50 1.630.03 1.680.03 1.68:0.02
Fig. 6. Hygroscopic growth factors (HGF) of 90 nm (left figure) HGF25 1.580.05 1.64:0.02 1.64-0.04
and 25nm (right figure) particles as a function of the dry DMA1 HGF10 1.5@-0.04 1.5@0.10 1.4740.05
RH. Additionally, the time (DOY January 2007) is presented with Marine 19 35 48
colour. Mixed 11 18 34
Cont. 69 47 18
discussed above. Additionally, in the beginning of the pe- ©
riod on 10-12 January the HGF values of 90 nm particles e’ ~e-C1 (%)
were low compared to the 25 nm HGF. Probably there were fon G o
differences in the chemical composition between these sizes ** s 8 |
either as a consequence of separate sources, aging effect ¢ ; |
particle chemistry or changes caused by cloud processing o =% ; :
larger sized particles. 3 # b
. . .. 3 1000 / Y
To give an idea on the modal characteristic of the aerosols z Y _
during our measurements, the particle number size distribu- cool
tions were grouped into three clusters. The clustering was D,ﬂ'°‘!*\:~%_° Nyor=287 o
done for normalised size distributions to find the differences a4 TeoBeeilne,
in aerosol modal features. A matlab routine, where variance i0° 10° 107 T

Diameter [m]

within the cluster was minimised and between the clusters
was maximised, was used. The average size distributions in
each cluster are presented in Figand their couplings to  Fig. 7. The average particle number size distributions, resulting
particle hygroscopicity and air mass origin are presented irfrom grouping the data into three distinguishable internally similar
Table3. The most predominant size distribution contained aclusters. The numbers in coloured boxes present the average to-
strong Aitken mode and weaker nucleation and accumulatiorial number concentration in each of the clusters while the legend
modes. The average total number concentration in this clusPresent the prevalence of each cluster type as percents.

ter was 309 cm?® and the particles at all four sizes were very

hygroscopic (Table). This size distibution type occured

during both marine and continental air masses. The seconglains the differences occasionally observed between hygro-
most common size distribution type was characterised by &copic behaviour of different particle modes might be related
dominant accumulation mode and was prevailing during ma1o marine origin and cloud prosessing of aged accumulation
rine transported air masses. Compared with the predominaritode aerosol. Additionally, decreased hygroscopicity was
cluster type, a decrease in 90 nm particle hygroscopicity wagonnected with the secondary new particle formation.
observed. This could indicate the effect of cloud prosess-

ing on marine accumulation mode particles leading to de-3.3 Particle formation and growth

creased hygroscopicity. The third cluster type was the most

rare and comprised of a dominant nucleation mode. Conti-The detected new particle formation events were classified
nental air masses and decreased hygroscopicity of all partiaccording toYli-Juuti et al. (2009. Compared to previous
cle sizes were observed to be characteristics of this clustegears Yirkkula et al, 2007 Koponen et a.2003 the num-
Average number concentration in this cluster was the high-ber of events was lower and from DMPS data, only three
est, being 1353 cre. To summarise, the cluster analysis ex- class | events could be observed (Ta#)e With such a
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Table 4. New particle formation event classification between 29 Table 5. Total particle (DMPS), negative ion (ANgg) and posi-
December 2006-29 January 2007. The numbers refer to number dive ion (AlSpog growth rates at different size sections: 2—4 nm,
days of the total of 32 days. All types were not classified (n.c.) from 4-10 nm and 10-20 nm for class | and Il events (see Tébl@he

DMPS data. range of all the determined growth rates is presented, if the value

was calculated for many event days. Note that in some events,

EventClass DMPS Algec AlSpos only the growth rate of the largest particles could be determined
and the ranges of growth rates are therefore not directly comparable

' 3 2 2 between different size sections.

I 3 3 1

Apple n.c. 2 1 Size DMPS  AlSec  AlSpos

Hump n.C. 1 0 range [nm]  [nmi1]  [nmh71]  [nmhTY

Wind/snow n.c. 6 0

Mixed n.c. 3 3 2-4 - 15 -

Non-event 18 13 11 4-10 0.8-2.1 2.3 1.7

Undefined 5 2 2 10-20 1.3-25 1.2-2.4 15-2.6

Bad data 3 0 12

neously as the negative cluster ion concentration declined

low statistics, we were not able to reliably track the prin- (Fig. 8). This effect was only observed in negative polarity,
cipal differences in weather patterns between nucleation an@ossibly as an indication of sign preference of the nucleation
non-nucleation days. Particle formation was detected in botl{Laakso et al.2004 Winkler et al, 2008 Kurtén et al, 2009
marine and continental air masses. All together, formationNadykto et al, 2008. Similarly, growth of negative cluster
events were detected on 21% of the classified days. Additionions to>1.5 nm sizes was as well observed in four (out of the
ally, in the beginning of January when wind speeds were higtfive) events, but these events were too weak to be analysed
(Fig. 2) many wind initiated events were observed. Thesein detail. Two examples of the observed charge preference in
types of events at Aboa were first reported\igkkula et al. nucleation are presented in Fij.Additionally, in a paper by
(2007). Classifications of positive and negative ion formation Virkkula et al. (2007 (and Fig. 7 therein) similar behaviour
events were congruent with each others on those days whesan be observed. Thus, the initial growth of negative ions
data from both polarities existed. seems to be characteristic to Antarctic new particle forma-

Growth rates were calculated for class | and Il events andion events.
for different size ranges separately, when possible. The cal- On the strongest event day, 21 January, formation of 1.5—
culation method was similar as presenteddaf Maso etal.  3nm negative ions lasted for several hours and at the same
(2009. A log-normal mode was fitted to each particle size time, the particles grew to larger sizes. The growing mode
spectrum. The growth rate was then calculated by fitting awas detected in positive cluster spectra at 4 nm size, as an in-
linear line to the peaks of the fitted modes as a function ofdication of aerosol neutralisation (Fig). The growth rate of
time. This method was unsuccessful for the smallegtrfm) negative 2—4 nm ions was 1.5 nm’ The growth rate of 4—
particles when the shape of the particle mode was not welll0 nm positive and negative ions were 1.7 and 2.3 nfj te-
defined. Thus, for the smallest sizes, the method presentespectively. Simultaneously measured neutral particle growth
by Hirsikko et al.(2005 was used, where for each size one rate was only 1.3nmtt. A possible reason for the higher
normal mode was fitted and the modal maximum value wadon growth rates could be the gradual neutralisation process
used for linear fitting. In most of the event cases, only atowards the steady-state charge distribution which can artifi-
growing mode of-10 nm particles was observed. These par-cially increase them.
ticles grew at a rate 1.3-2.5nm%h and the differences be- The negative ions appeared to have a significant role
tween particle and ion growth rates were small (T&leThe iy the initial phase of the formation process on 21 Jan-
4-10nm particle growth rates could be analysed for threqary. Recently, the relative importance of ion-induced, or
events and on those cases, their growth rates were similar tyn_mediated, nucleation compared to the atmospheric neu-
larger, 10-20 nm, particle growth rates. However, with only 3 particle nucleation has been under intensive discussion
a few event cases, no further conclusions on the size deper(KaZ” et al, 2008. Thus, we calculated the total 4 nm parti-
dence of the growth can be made. For refereN@kkula  cje formation rate {s) from the DMPS data, using measured
et al.(2007) observed higher growth rates for larger than for 4_10 nm particle concentrations, and compared it with the
smaller ions at Aboa. From our data, the only day when thenegative 2nm ion formation rate/4{yeg), calculated from
growth rates could be calculated for 2—4 nmions was 21 Janghe AIS data in a size range of 2-3nm. Formation rates for
uary. Thus, this day was selected for further studies. particles and ions were calculated with methods presented

On 21 January, the new particle formation event startecby Kulmala et al.(2001) andKulmala et al.(2007). At the
with an increase of the 1.5-3nm negative ions simulta-time of the event, the/; was 1.6:0.1cn3s~1 while the
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Fig. 8. In the upper panel, the measured HGF values for the four

particle sizes as a function of time on 20 and 21 January, 2007. In_ ] - o

the lower panel, the aerosol particle and negative ion number siz&19- 9- Negative (upper panels) and positive (lower panels) air ion

distribution as a function of time measured on 20 and 21 JanuarynUmber size distributions on 21 and 27 January, 2007.

2007. The y-axis shows the size ranging from 0.8 nm up to 1 pym.

Colour presents the concentration. Particle size distributions above

5nm size are measured with the DMPS and below that are the diseurred on 20-21 January (Fif). Those two days included

tributions of negative ions measured with the AIS. the strongest particle formation events of the period (8g.

The simultaneous air ion distribution spectrum shows that

the formation and growth of small 1-2 nm ions on 21 Jan-

uary occurred in the measured air mass. On 20 January we

could only identify the growing mode-10 nm, but not the

initial phase of the formation event. These two events had

a definite effect on the particle hygroscopicity. The 25nm

particle HGF values declined rapidly at the time when the
rowing mode reached this size. Slightly lower HGF values

a/ere also measured for 50 and 90 nm particles, possibly as

a consequence of particle dynamics and/or different air mass

origin. As the particles grew and aged, their hygroscopic-

In addition to the direct ion-induced particle formation, a itygi]ncreased. goth the ?act that for?nation at 13/3 nm siges

fraction of neutral particle formation can be explained by re-\vas observed at the measurement site and that the HGF val-

co_mblnatlon of negative and pos[tlve clusters and their nuck_a—ues of these particles approached those determined on non-
ation. Therefore, also the formation rate of 2—3 nm recombi-

s | lcul ing th H hucleation days imply that the origin of summer Antarctic
’,:Aa“"r! c ustersl, ;V;OS ca_lrcr:]u ?ted using the sfame mEF Oq aS Werosol can be the Antarctic boundary layer. Even though
anninen et al(2009. The formation rate of recombination the hygroscopicity of recently nucleated particles was lower,

3q-1 e i O i !
cIus_ters_,Jrec, was 0.16:0.04 cn™s™~. As positive ion for jt increased within some hours to the previously measured
mation in the size range of 2-3 nm was not observed, tota

ion-mediated particle formation rate was thus calculated as
a sum of negative ion and recombination cluster formation

rates and was on the order of 0.4ths 1. Compared to the ; ) .
growth, while organics are generally less hygroscopic than

. . —1 . _ .
total particle formation rate, 1.3cris™, the ion-mediated sulphate. Oxidation of the organic aerosol further increases

contribution was thus on the order of 30%. Even though, L Lo .
S . the hygroscopicity which is detected as an increase of HGF
at least in this one event case, the neutral particles seem to

dominate the formation process in Antarctica, the contribu—Wlth time. This hypothesis is as well supported with the pre-

. . . ! . vious results from Aboa by/irkkula et al. (20063 where a
tion of ions to particle formation was higher than on average , ~ =~ "™ T .

. ; . decline in the refractive index was observed during nucle-
in boreal forest regionManninen et al.2009.

ation events as a possible indication of the biological parti-
3.4 Closer look at the hygroscopic growth factors cles.
during new particle formation The air mass origin based on backward trajectory analysis
was continental during the event days, 20—21 January. As the
In addition, we examined the recently nucleated particle hy-air masses turned from continental to marine on 22 January,
groscopicity. The most pronounced decrease in HGF octhe size distribution changed rapidly and the growing particle

JonegWas 0.3:0.1 cn3s~1. FromJ, we could further cal-
culate the 2 nm particle formation raté&} with the method
presented byerminen and Kulmalg2002. Using values
0.1cnf s~1, 1000 kgnT3 and 1.3 nmh? for the diffusion
coefficient, particle density and particle growth rate, the total
2 nm particle formation ratelo, became 1.20.1cnm3s 1.
The calculated particle formation rate was thus on the orde
of those detected in the boreal forest region (Bgl. Maso

et al, 2005.

Reduced hygroscopicity of freshly nucleated particles
could indicate an important role of organic vapours for the
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mode disappeared. However, high MSA to nssﬁ—Sfatio on 11 ;
the event days implied marine influences. Thus, the origin of . gg o
the nucleated particles remains partly unclear. i e e S 25 nm
3.5 Particle volatility > 0.9- ¢
o
8
The V-TDMA measurements were made during one day ~ %8
only. However, they revealed some more interesting fea- gf l
tures of the aerosols and can thus be not excluded. Inter- °7| o
estingly, that these highly hygroscopic particles were also °
highly volatile (Fig.10). Major volatilisation occurred be- 06 ' .

tween temperatures 50 and 8D. At 100°C 90 and 50 nm ‘ ‘ ‘ ‘ ‘ ‘ ‘
particle diameters had decreased about 40% corresponding t %% 30 40 50 60 70 8 90 100
a major volume loss. Diameter of 25 nm particle decreased Temperature {'C]

about 20% between 40 and 10D. Differences in volatili-

sation between partlt_:l_e sizes can b.e understood by d|fferer‘1_'..g_ 10. Diameter of volatilised, initially 90, 50 and 25nm sized
sources and composition of the particles and by the enhanc n-volatilised, dry particles as a function of volatilisation temper-

neutralisation of smaller sized sulphate particlB&Kos et atyre presented in red, blue and green dots, respectively, measured
al, 2009. This would, however, indicate that the most of on 29 January, 2007.

the particle mass is sulphuric acid, only partly neutralised by

ammonia. Indeed there are observations of sulphuric acid

particles in summer Antarctic boundary layer, e.g.Bigg and in the surroundings have been presentetlitikula et

et al.(1984; O’Dowd et al.(1997), which is confirmed also  al. (2006 andTeinila et al.(2000 where more information

by modelling studiesAdams et al.1999. Particles of sim-  on the typical ionic composition of different particle modes
ilar hygroscopicity and volatility as here were also recently can be found. In this work, we focused on the most abun-
measured in south-eastern PacificTioynlinson et al(2007). dant chemical species observed in thepum particle mode.
They measured hygroscopicities of particles to be on the orThus, the chemical mass balance was only calculated for the
der of, or even higher, than those of ammonium bisulphatesmallest patrticle sizes, following the mixing rules described
Additionally, they showed that 200 nm particles were morein Sect. 2.2.2.

volatile than 50 nm particles, while at 150 200 nm parti- The chemical analysis revealed that Aitken mode particles

cle diameter decreased on average by more than 30%. were more neutralised compared to the accumulation mode
particles, as expectedBickos et al.2009. On average, in

3.6 Size dependence of particle ionic composition the 12 samples collected, approximately 40% of the stage 1

mass was ammonium bisulphate, 20% was ammonium sul-
Even though each particle of specific composition has a parphate, 30% was sulphuric acid and 10% was MSA. The frac-
ticular hygroscopicity and volatility behaviour, their mea- tion of sulphuric acid and MSA was higher in the next two
surements alone can not directly specify the particle com-stages (stages 2—3). The mass concentration of the sulphate
position. Chemical analysis of size-segregated particle masgpecies ((HSOs), ((NHa)HSO), ((NH4)2S04)), MSA and
can assist in determining the particle composition with thesea salt in particles between 45 and 231 nm in size (aero-
downside that the short-term changes are lost. The ioniglynamic wet-diameter) was calculated together to represent
composition was analysed from SDI filter masses, measure¢he composition of the Aitken and lower accumulation mode
with 2—-3 day resolution. Mass concentrations of determinedand thus, the composition of the largest particles measured
ionic species and their modal distribution (at TaBleesem-  with the H-TDMA. Their composition was dominated by sul-
bled those previously measured at Abdaifila et al, 200Q phuric acid (Fig12).
Virkkula et al, 20068. The most abundant ionic species in
the smallest sizes were nss-sulphate, ammonium and MSA.7 Organic carbon in sub-micrometre particles
(Fig. 11). Most mass was concentrated on stages 4 and
5 (diameters 230-590 nm), which were dominated by nssRelative abundance of sulphur compounds showed only mi-
sulphate. At larger sizes the mass fraction of sodium, nitratenor changes with time. Next, we will consider the variation
and chloride increased, as an indication of sea salt particlexf the total sub-micrometre mass and include organics to the
Small amounts of oxalate were also observed. In larger parpicture.
ticles small amounts of magnesium, potassium and calcium Measurements byirkkula et al. (20060 and Kerminen
were found which suggested primary emitted soil particleset al. (2000 suggest that in samples collected at Aboa an
but could also be related to primary sea spray aerosol. Premportant amount of mass remains unexplained by the anal-
vious results of the particle chemical composition at Aboaysed ions in both sub- and super-micrometre ranges. They
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Table 6. Average concentrations [ngTd] and standard deviations of SDI measured ions and organic carbon and water-soluble organic
carbon at ranges:z1 um,>1 pm and total in 12 collected samples. OC and WSOC were only measured below 1 um and backup filter masses
are substracted.

Species <lpummearstd >1pm mearstd Total meattstd

nss-scﬁ— 226.6£102.9 28.112.6 254.8111.4
cl- 1.4+2.0 18.2:16.2 19.5:17.4
NOZ 24425 16.0:10.4 18.5:12.3
MSA~ 71.7+44.8 10.2:7.9 81.9:51.1
Ox%~ 0.47+0.16 0.410.23 0.88:-0.34
Nat 11.5+7.8 24.9:16.0 36.4£22.2
NHj 6.6+2.8 0.9:0.6 7.6:3.2
nss-KF 0.10+0.09 0.26:0.44 0.3%0.46
nss-Md¢™ 0.06+0.14 0.06:0.00 0.06:0.14
nss-C&" 2.8+2.1 1.2£0.6 4.0:2.4
ocC 45+32 - -
WSOC 158 - -

100 100
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Fig. 11. Average relative masses of ten most abundant ions mea-

sured with a 12-stage SDI impactor in January 2007 at Aboa. TheFig. 12. Relative mass composition of five components in aerosol
SDI-stages 1-12 cover a aerodynamic size range from 45nm up tparticles as a function of time measured in January 2007 at Aboa.
20 pm. Each colour corresponds to an analysed ion which arg; Na The fractions of massed are calculated using the summed masses

NHj{, Kt, Mg?t, c&*, MSA™ (CH3SG;), CIT, NOg, 80‘21_ of the three lowest SDI-stages corresponding to a size range from
and Oxalate (Czoi_-) Additionally, the average sum of the ion 45 nm up tlo 231 nm. Each colour corresponds to a chemical com-
mass concentrations at different stages are given in figure. poge'\;‘tsvxh'(?h are: bSOy, (NH4)HSOy, (NH4)2S0y, Sea Salt (SS)

an .

suggest that organics might be an explanation for the missing .

mass. Additionally, the volatility measurements made here2mounts of organic carbon present also on the coast of the
suggested that there are more volatile species than the sufintarctica. It is well known that ocean is a source of pri-
phuric acid concentration alone would explain. Already pre-mary and secondary organic aerosols (€gntt et al.2009
vious studies have implied the existence of organic specie§€rshey1983 O'Dowd et al, 2004 Spracklen et al2008.

in Antarctica Gaxena1983 Saxena et al.1985. Kawa- The vicinity of the ocean does therefore suggest that organ-
mura et al(1996 measured water-soluble organic carbon in €S, also other than MSA, could be found in the aerosols at
aerosols at the Syowa station and their results indicated a mdbe Aboa. Additionally, the finding of oxalate from SDI sam-
rine origin of the organics and further transformation by pho- P1€s supports this.

tochemical oxidation. Additionallyyirkkula et al. (20069 Water-soluble and total organic carbon concentrations
measured organic carbon concentrations during a cruise fromere measured in sub-micrometre particles and the insolu-
South Africa to Antarctica and their results showed smallble organic carbon fraction was estimated by subtracting the
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WSOC from the total OC (Tablé). Using a factor of 3.2 for OM lower estimate OM upper estimate
the water-soluble organic carbon and a factor of 1.3 for the 90 ‘ ‘ 900 T s

. . . NH,)H(SO,
water-insoluble organic carbon, as suggestedimpin and 800 {800 EENQL;A“’

Lim (2001, we could determine the total mass of organic 79

Sss

MSA
WINSOM
WSOM

compounds (Figl3). However, it is not straightforward to < En
- ) . £ 600 £ 600
measure organic carboiyrpin et al, 2000. Besides the > > e Dues me
problems in determining the actual mass from the measurec 5500 5500'
carbon, the mass of carbon in the aerosol phase is typically 7' 400 < 400}
estimated by subtracting the backup filter from the front fil- 2 300 2 200!
ter. This includes some uncertainties and to give an approx- = =
imation of these uncertainties here, we made both lower and 2% 2001
higher estimate for the organic mass (Fig). In higher esti- 100 100f
mate the backup filter mass was not subtracted. The mass @ o
the five most abundant ions measured with SDI-impactor in 0 Breporn 2 0 Trepoyy P

stages 1-7<€1 um) and the mass of water-soluble and insol-

uble organic matter (WSOM and WINSOM) patrticles below

1 um in size were compared with the mass measured with th€ig. 13. Mass concentration of P\ aerodynamic diameter below
DMPS in the aerodynamic size range of 45nm-1 um. Thel um) as a function of time at Aboa in January 2007. Black line
organic carbon in MSA was subtracted from the measuredresents the mass calculated from the DMPS data assuming a den-
organic carbon in WSOM. sity of 1.7 gcnm3. Coloured bars present the chemical components

DMPS and chemical mass balance calculations Showeaf the particles. Each colour corresponds to a chemical component
. . . ) which are: SOy, (NH4)HSOy, (NH4)2S0y4, Sea Salt (SS), MSA,
similar temporal behaviour of particle mass (FIg). I.t ap Water-INSoluble Organic Matter (WINSOM) and Water-Soluble

. . ) - ) %Drganic Matter (WSOM). Factors 1.3 and 3.2 were used to convert
Considering the lower organic estimate only, the fractionfom organic carbon (OC) to WINSON and WSOM, respectively.
of organic matter (excluding MSA) in the total ionic mass | eft panel presents the lowest estimate for the OM (front filter —
was 2-46%, with an average of 22%. Probably the mass obackup) and right panel the highest estimate for the OM (front fil-
organic substances lied somewhere between the lower an@r only). Organic material are determined from Pfilter samples
higher estimate as it was likely that DMPS slightly underes-and others from SDI-impactor samples.

timated the total mass. The finding of an important fraction

of organic matter in the aerosol phase can also nicely explain

the temporal variations observed in H-TDMA data, which they were left out from the calculations. At the first estimate,

were discussed earlier. the organics were excluded from the HGF calculations. In
additional estimates, 30% and 20% of the organics were

3.8 Hygroscopicity closure between chemistry and included to the total mass of the ions. The HGF values were
H-TDMA calculated using the Zdanovskii, Stokes and Robinson (ZSR)

mixing rule Stokes and Robinsod966),

Even though we now know that there are organics in sub- 3.1/3
micrometre range we do not know their exact contribution in GFmixed(RH) = (Zvi "GR(RH)®) @
different sizes. Thus, to make a closure from H-TDMA, V- !
TDMA, size-segregated chemical ion and OC data, we needvhich assumes individual compounds,in a mixture take
to use some rough estimates. up water independently with respect to their volume frac-

Literature values for hygroscopicity of J90y, tions,v;. Densities used to convert between mass and volume
(NH)HSOs, (NH4)2SOs, Sea Salt (SS) and MSA can fractions are presented in Table A density of 1400 kg i
be found from various sources, (edphnson et al.2004 was estimated for organic matter based on literature values
Peng et al. 2001h Peng and Chan2001a Tang 1996 for dicarboxylic and multifunctional acid$?éng and Chan
Topping et al. 2005. We used values 1.6 for MSA, 2.3 for 20013.
sea salt, 1.7 for ammonium sulphate, 1.8 for ammonium The organic matter hygroscopic growth factor was difficult
bisulphate, and 1.9 for sulphuric acid, to estimate theto estimate, as it varies largely between spedi@n@kidou
45-230nm particle hygroscopic growth factors at 90%et al, 2009. For this reason, two different scenarios were
based on the measured ionic species (Taf)le As the  added. First, we assumed a value of 1.4, which is relatively
measured masses were small and sensitive to large errorBigh for organic matter. This selection was based on mea-
we used the sum of the three lowest SDI-stages (ER,. sured HGF values for multifunctional and dicarboxylic acids
corresponding to Aitken and lower accumulation mode sizeqPeng et a].20018, and is in agreement with the values re-
(45-230 nm), to estimate the HGF values. However, as theently estimated for marine organidddrsey et al.2009.
masses of nitrate and oxalate were small at this size rangd,he assumption of dicarboxylic acids in Antarctic aerosol is
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1.9

Table 7. Density and HGF values used for different species to | N D! + ORG (HGF=1.4, Vf=30%)
estimate their contribution to the measured 90 nm HGF values in B oo R (HOF=L2, VI20%
Flg 14 —6— HGF 90 nm
1.85] 1
Species o[kg/m3]  HGF
HoSOy 1830 1.9 ¢ 18 ]
(NH4)HSO, 1780 18
(NH4)2S04 1769 17 |~ i
SS 2165 2.3 175 1 ]
MSA 1481 16 d ]
ORG 1400 1.4/1.2 I( I( m I I‘ I( |
L7 5 10 20 25 30

Timel[sDOY]
supported by observation&Kgwamura et a).1996. Addi-

tionally, for some organic species the HGF values can be on

the order of the ammonium sulphate HGF valuEletcher Fig. 14. Hygroscopic growth factor estimates based on HGF liter-
et al, 2007 or even higherReng et a.20018. HGF sim-  ature values of BSOy, (NHgq)HSOy, (NHg)2S0y, Sea Salt (SS),
ilar to those of inorganic aerosols have been measured foMSA and organic species (ORG). The volume fractions (except
inorganic-dicarboxylic acid aerosol mixturesvise et al, ORG) were derived from the masses of SDI-impactor three lowest

2003. In second scenario, the fraction of organics and their>tades prese.nmd In Fig2. Estimations were done W'th.('n green)
HGE d d. AHGE val 1.2 d ith and without (in blue) the additional organics. For additional organ-
were decreased. value o 1.2 was Used, as L Nag v scenarios were tested. In the first scenario, 30% of organics

been observed to be generally representative for atmospheri@oy, addition to the total mass of inorganic species) with HGF of

organics in many environments (e@yse| 2007). 1.4 were added (dark green) while in the second scenario 20% of or-
The growth factors estimated without the organics resultedyanics with HGF of 1.2 were added. HGF and density values used

in too high values (Figl4). In contrast, the calculated av- in the chemical species HGF estimation are presented in Table

erage HGF of 1.75, matching the measured value, was ob-

tained by adding 30% of organics with HGF of 1.4. How-

ever, similar decrease in hygroscopicity was also obtained; 9 Dpiscussion

by adding 20% of less hygroscopic organics with HGF of

1.2. This shows that some amount of organics are needed t?he comparison with chemical species and measured 90 nm

explain' the measur_ed HGF of particles. The two additionalHGF values was successful. However, relatively high HGF

_ . ) tsalues were used for sulphuric acid and organic species. For
the organic mass fraction. The temporal behaviour of the P g b

timated HGE. which reflected the mi it . | sulphuric acid, the HGF value of 1.9 is justified with the fact
e? |mahe ical » Which refiec .?. e}mnor IVT]”? lons ('jn'\;es' that H-TDMA measurements were made between 2—-4.5 and
ative chemical mass composition ot the sulphates an 0% RH while most of the earlier measurements are made
in the lowest SDI-stages, was close to the measured HG

between 10 and 90% RH, which affects the HGF of highly

(Fig. 14). The remaining discrepancies between modelle ) - ; ; ;
and measured HGF values are thought to be reasoned by Vsﬁvater soluble sulphuric acid. The high HGF, 1.4, for organ

. : . . o . ics could be explained by aging as the aerosol travels from
ations in the organic mass fraction with time and its hygro

: " This i I ted by the fact th tth'the ocean to the measurement site. It is well known that or-
scopic properties. 1his 1S well supported by the fact thal €., yios can hecome more hygroscopic with time via oxida-

calculated HGF is overestlmated N marine air masses wﬁon processes. However, in our case, the aerosol was rela-
to 13 January) and underestimated in continental air mass R/ely hygroscopic and yet, at the same time, very volatile
(18 to 22 January) when using a constant organic HGF an here are some indications of organic species which do be-

volume fraction. Now, the observed behaviour of decreasingc - . .
L A ) ; both h d latile b
HGF with increasing RH can be explained by changes in sul- ome DOth More Nygroscopic anc more volatie by aging

; . ; (Asa-Awaku et al.2009 Meyer et al, 2009 Poulain et al.
Ehate chem!stry, MSA volume fragnon anq organic aerOSOI201(). However, as organics are highly variable species it
ygroscopmty qnd/or volume fraction, a's.d|rect results fromis not straightforward to estimate their properties, and espe-
armass travel time from ”‘? ocean. Addltlo_nally_, the \_/olu_me cially not in an environment so unique and practically miss-
fraction of the sum of organics and sulphuric aqd varied n aing all anthropogenic influences. Therefore, an additional
range 55-80%. Assuming both of them were highly volatile,

Id lain th d volatile fracti fih ¥ scenario using an organic HGF of 1.2 being in closer agree-
\(/:\igscou explain the measured volatile fractions ot the parti- o+ \vith numerous previous studies, was added. Also, what

was not measured nor considered here was the role of amines.
Amines have been observed in the particle phBsedanti et
al,, 2009. They can serve as bases for aminium salts and
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make a significant contribution to marine secondary organic Particle hygroscopic properties imply that they are very
aerosol massHacchini et al.2008. Amines might explain  CCN active. Chemical composition is mainly sulphuric acid,
a part of the organic species detected here. Their thermodypartly neutralised by ammonia, together with MSA and other
namic properties are, however, poorly known. Their effectorganics. Approximately 20—-30% of thel um aerosol mass
on the particle characteristics, such as their hygroscopicityin summer is of organic origin, other than MSA. However,
is thus infeasible to estimate. the aerosol organic fraction can have large temporal and spa-
As particle CCN activation was not measured directly, tial variations. These, and the size dependency of the organic
only speculative conclusions can be made based on the meaass fraction would need further studies. The organic frac-
sured data. High hygroscopicity implies highly CCN active tion can, together with sulphuric acid, explain the measured
aerosol. New particle formation events were plainly impor- high volatility of the aerosol.
tant for CCN production by increasing the total particle num- New particle formation events were detected on 21% of
ber. As shown b¥uang et al(2009, the newly formed par- the classified days. A typical feature of the events is the
ticles can make a significant contribution to the total CCN preference of negative ions in the initial phase of the parti-
numbers. However, the rarity of the events complicated thecle formation. One event day was analyser further and ion
further statistical analysis of the phenomenon. Even thougland total particle formation rates were calculated. The to-
the particle composition and hygroscopic properties at Aboaal 2 nm particle formation rate was #8.1cn3s! and
were partly characterised by sulphate species, the organidhe maximum contribution from ion-mediated particle for-
played an important role. Marine organics can influence parimation on that day was around 30%. Growth-of.5nm
ticle hygroscopic lersey et al.2009 Saxena et gl.1995 ions, as a first phase of new particle formation, was observed
and CCN propertiedMeskhidze and Neng2006 measured  at the measurement site on 21 January. Direct detection of
higher CCN concentrations in the Southern Ocean when ovethe growth of the smallest cluster ions indicates that nucle-
the bloom of phytoplankton.De Felice et al(1997 con- ation in Antarctica can occur in the boundary layer and/or
nected the measured CCN concentrations in the Antarctién the lower troposphere. In air masses of freshly nucle-
peninsula with the meteorological conditions, and they alsoated particles the HGF values are decreased but will increase
speculate about the role of organics for the CCN. Additionalwith time in subsequent particle growth. Thus, aging of the
CCN measurements should be made to confirm the concluaerosol seems to increase the particle hygroscopicity. The
sion of the highly CCN active Antarctic summer aerosol.  variation of HGF values during new patrticle formation and
The biggest limitation of these measurements was thegrowth can be explained by two factors: 1) increased organic
short time period. Particularly the volatility measurementsaerosol contribution in the initial phase of particle formation
should be interpreted with reservation. It seems likely and further organic aerosol heterogeneous oxidation and con-
that chemical composition and hygroscopic properties varydensation, and 2) decreasing organic contribution in compar-
largely with season. Additionally, the distance from the openison to other condensing vapours following the growth of the
ocean can have a dramatic impact on the particle chemicahucleation mode. However, both cases suggest that organics,
composition, for example the degree of neutralisation of sul-or other less hygroscopic species, participate in the particle
phuric acid as well as on the organic aerosol properties viggrowth process.

the aging effect.
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