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Abstract. Over Antarctica, aerosol particles originate almost the spring temperatures have been increasing in these areas
entirely from marine areas, with minor contribution from (Steig et al., 2009; Schneider et al., 2012) followed by in-
long-range transported dust or anthropogenic material. Thereasing ice mass loss (Pritchard et al., 2009) and ice shelf
Antarctic continent itself, unlike all other continental areas, collapses (Rignot et al., 2004). In spring and summer, intense
has been thought to be practically free of aerosol sourcessolar radiation melts snow and ice around the mountains, as
Here we present evidence of local aerosol production assowell as areas with exposed ground and blue ice, into ponds
ciated with melt-water ponds in continental Antarctica. We and lakes. The increasing temperature decreases the overall
show that in air masses passing such ponds, new aerosslurface albedo in these areas by enhancing the snow and ice
particles are efficiently formed and these particles grow upmelt (Hall, 2004).
to sizes where they may act as cloud condensation nuclei The Antarctic climate system is coupled tightly with
(CCN). The precursor vapours responsible for aerosol for-aerosol particles via global warming and associated feedback
mation and growth originate very likely from highly abun- processes involving aerosol—cloud interactions. The most
dant cyanobacteridostoc commun@/aucher) communities  studied aerosol type in this respect is the natural sulphate
of local ponds. This is the first time freshwater vegetationaerosol originating from oceanic dimethyl sulphide (DMS)
has been identified as an aerosol precursor source. The inflemissions affected mainly by ocean biochemistry and wind
ence of the new source on clouds and climate may increasspeed (Korhonen et al., 2008). Another prominent aerosol
in future Antarctica, and possibly elsewhere undergoing actype over Antarctica is sea salt (Shaw, 1988; Hara et al.,
celerating summer melting of semi-permanent snow cover. 2011; Weller et al., 2011), the concentration and properties
of which are influenced by the sea ice extent, wind speed
and probably also by the sea water temperature (Struthers
et al., 2011). In addition to these two natural aerosol types,
1 Introduction small amounts of dust and anthropogenic pollution-derived
particles are occasionally long-range transported to Antarc-
Antarctica is experiencing dramatic changes especially injca (Shaw, 1988; Fiebig et al., 2009). The Antarctic con-
the peninsula and western part but also in the coastal akjnent has been thought to be a weak source of primary

eas around the whole continent (Chen et al., 2009; Pritchar@erosol particles, mainly dust as well as pollen and bacteria
et al., 2009). These are also the areas with most of the

continents exposed ground and high mountains. Especially

Published by Copernicus Publications on behalf of the European Geosciences Union.



3528 E.-M. Kyr0 et al.: Antarctic new particle formation from continental biogenic precursors

(Gonales-Toril et al., 2009), and a negligible source of pre- mobility particle sizer (DMPS), and the size distributions of
cursors for secondary aerosol particles. positively and negatively charged particles in the diameter
Here, we investigate secondary aerosol formation ob+ange 0.8—42 nm were measured using an air ion spectrome-
served during the Finnish Antarctic Research Programter (AlS). In order to get information on the aerosol chem-
(FINNARP) 2009 expedition at the Finnish Antarctic Re- ical composition, particles were collected on quartz filters
search Station Aboa. Previous studies have shown that seand the filters were changed three times a week. Methano-
ondary Antarctic aerosols originate from oceanic DMS emis-lic extracts obtained from the filter samples after ultrasound-
sions (O’'Dowd et al., 1997; Davis et al., 1998; Asmi et al., assisted extraction were analyzed later in Finland using a
2010; Yu and Luo, 2010), long-range transport (Ito, 1993; comprehensive two-dimensional gas chromatography—time-
Fiebig et al., 2009; Hara et al., 2011), or from intrusion of of-flight mass spectrometer (GCxGC-TOF-MS). In addition,
upper tropospheric air into the boundary layer (Virkkula et samples from the cyanobacterial mats and water were taken
al., 2009). Also local anthropogenic sources have been linkeénd analysed.
with new particle formation (NPF) in continental Antarctica
(Park et aI.,.20C.)4). At Aboa, the particle formatiqn mostly 5 o Measurement setup and equipment
takes place in air masses coming along the coastline (Kopo-

nen et al,, 2003) or intruding from higher altitude (Virkkula The measurements of neutral and charged patrticle size dis-

et al., 2009). Observations of growth of the smallest clus-_., = . . . .
. . . tributions, ozone concentration and chemical filter samples
ter ions suggest that the nucleation can occur even in the ! : i,
. Were carried out during the FINNARP 2009 expedition. All
boundary layer (Asmi et al., 2010). It has also been sug- . S :
tthe devices were kept inside a small container, about 200 m

geste_d that §econda_ry organic matter, h_avmg a Slgnlflcanupwind from the main station, as described by Virkkula et
contribution in the Aitken and accumulation modes, could : . .
: : . al. (2007) and Asmi et al. (2010). The inlets were approxi-
contribute to the growth of aerosol particles (Virkkula et al., .
. . mately 3 m above the ground. For the DMPS and the filter
2006, 2009). However, observations of nanometer-sized sec- . . . . )
sampling, a 25 mm inlet with flow splitter with no sector-

ondary organic aerosols have not been made over Antarctica. .
2 o . , - control was used. A separate 35mm copper inlet was used
Our principal goal in this paper is to find out the origin of

) . . for the AIS and for the ozone monitor, a 6 mm-wide teflon
secondary aerosol particles and their precursors in the sumy .
. . . . ube was used as an inlet.
mer continental Antarctic atmosphere. In addition to this, we
aim to explore which vapours make the newly formed parti- o
cles grow in size, and whether Antarctic secondary aerosof-2-1 Airion spectrometer
formation is capable of producing cloud condensing nuclei.
Measuring the ion concentration and charge distribution of

aerosol particles offers an effective method to study particle

2 Materials and methods formation mechanisms. In this campaign the ion spectrome-
ter was the only instrument able to measure directly the early
2.1 Description of the site and measurements stages of atmospheric nucleation and subsequent growth.

New particle formation event analysis, including event clas-
The aerosol and atmospheric composition measurements disification and formation and growth rate calculations for ion
cussed here were carried out between 8 December 2009 argpectrometer data, already has well-defined guidelines (Hir-
23 January 2010 at the Finnish Antarctic Research Stationsikko et al., 2005; Manninen et al., 2010; Kulmala et al.,
Aboa (location is shown in Asmi et al., 2010), in Dronning 2012). The air ion spectrometer (AIS) (Mirme et al., 2007)
Maud Land, during the FINNARP 2009 expedition. The sta- measures the mobility distributions of both negative and pos-
tion is built on a nunatak Basen, approximately 500 m abovaetive air ions simultaneously in the range between 3.2 and
sea level and some 130 km away from the open ocean in sun®.0013 crd V—1s~1, which corresponds to a mobility diam-
mer. During the summer, snow and ice on top of Basen melt®ter range of 0.8—42 nm. The mobility diameter, i.e. the Mil-
into biologically active, shallow ponds. The most abundantlikan diameter, is applied when converting the measured mo-
macroscopic organism in these ponds is cyanobadwws  bility to the particle diameter (lkek et al., 2006). The AIS
toc commungVaucher). The majority of the ponds during consists of two parallel cylindrical DMAs (Differential Mo-
FINNARP 2009 expedition were approximately 2km from bility Analyzer), one for classifying negative ions and the
the measurement site. The measurement site is located 200 ather for positive ions. The ions are simultaneously classified
upwind from the main building. Since winds blow most of according to their electrical mobility with differential radial
the time from the north-east, contamination by the station ancelectric field and collected to 21 electrically isolated sections.
vehicles that are used at the main station is minimal. We meaEach section has its own electrometer to measure the currents
sured aerosols continuously at about 3m above the groundarried by the ions. The total flow into the AIS is 60 L min
level. The total particle number size distribution in the di- whereas the sample and the sheath flows of the DMAs are 30
ameter range 10-500 nm was measured using a differentiand 60 L min®, respectively.
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2.2.2 Differential Mobility Particle Sizer and their shape is caused by the Eulerian way of measuring

the air mass. Traditional “banana” events are typically ob-
The differential mobility particle sizer (DMPS) (Aalto et al., served when NPF happens over a geographically large area.
2001) setup measures atmospheric aerosol particle numbe\ “banana” event appears in the size distribution as a wide
size distribution between 10 and 700 nm in diameter. Theband which starts from the lower limit of the size distribution
DMPS consists of Hauke-type DMA (28.0cm long), CPC and curves smoothly towards higher sizes. This kind of ap-
(Condensation Particle Counter) (TSI 3772) as a particle depearance requires formation and growth that lasts over sev-
tector, closed-loop sheath flow arrangement and radioactiveral hours or even days. Other types (e.g. “apple”, “bump”
carbon-14 beta neutralizer. The sample flow rate is 1 L'thin  and “wind-induced”, all of which were observed at Aboa dur-
and the sheath flow rate is 10 L mih both were checked ing FINNARP 2009 expedition) represent more local NPF.
regularly with a bubble flowmeter. The complete size distri- Common for each of these is that they appear as round- or
bution is obtained in a 6 min time resolution by changing the obscure-shaped short-time increases in particle concentration
classifying voltage of the DMA. The total aerosol number in the lowest particle sizes. Due to their shape, it is not pos-
concentration is calculated from the measured number sizgible to obtain growth rate for these events.

distribution. The rate at which the newly formed aerosol population
_ _ grows (i.e. particle growth rate, GR) can be determined from
2.2.3 Filter sampling the measured number size distributions by following the ge-

) ) L ometric mean size of the nucleation mode particles (Dal
The filter sampling was taken from the same sampling line ag,550 et al. 2005 Yii-Juuti et al.. 2011: Kulmala et al.

for the DMPS. The filters that were used were quartz, 47 MMyq19) The GR can be reliably determined only for “banana’-
in diameter (Whatm_a{l International, Kent, UK). The flow e eyents. Size-distribution-dependent particle losses can
rate was first 50 L min- but later (7 January 2010 onwards) ne characterized by condensation and coagulation sinks (CS
it was changed into 25 L mirf. No cut-off was used in the ;g Coags, respectively) (Kulmala et al., 2001, 2012; Dal
inlet. Flltgrs were stored in petri slldgs under a laminar flow ;459 et al., 2002). The CS is a value of how rapidly vapour
hood inside the measurement container at room temperature, o jecules will condense onto pre-existing aerosol, whereas
Coags determines how rapidly aerosol particles are removed
through coagulation scavenging. CS is dependent on the ef-

A continuous ozone analyzer O342M by Environnement S.Afe.ctlv.e surface area of the.partlcles.and pre-exllstmg size dis-
t|[|but|on, whereas Coags is a function of the diameter of the

was used to monitor the ozone concentrations. The analyze venaed particle and pre-existing size distribution (Lehti
was calibrated before the campaign at an accredited calibre2C2venyed particle and pre-existing size distributio (Lehti-

tion laboratory at the Finnish Meteorological Institute (FMI). nﬁn et al., 200b7)j( t‘:']hus, escs:esznt_lalfly they reprzstint tthhe sa(r:ne
The ozone concentration is detected by the difference in ul? gn(;meno?,l ut the one (CS) is for gases and the other (Co-
traviolet absorption between ambient air and ozone-cleane#Y ) for pariicles.

sample. One measurement cycle takes approximately 10s. The forma_mop rate of particles gf certain s.|za (s calcu- .
lated by taking into account the time evolution of the parti-

cle number concentration and the losses due to coagulation
scavenging to the larger pre-existing particles as well as the

Samples from the ponds and cyanobacterial mats were take@fOWth out of the size range (Manninen etal., 2010; Kulmala
on 3 January 2010. Two 50 mL bottles were cleaned thor-et al., 2012). For charged particles, the losses due to ion—ion
oughly with ethanol. One bottle was filled with water taken fecombination and sources due to charging of the particles
from the pond and another one with the watéostoc com-  Need to be also addressed (Manninen et al, 2010).
munemixture. The samples were taken from the same pond

on the top of Basen. The size of the pond was approximately2-4 Chemical analysis

40 n? and it was 10-20 cm deep. Many similar ponds were

found from the nunatak, the |argest one being more thar241 Filter Samples: elucidication of the aerosol partiCle
100 n? in area. The bottles were stored in a freezer and trans- components

ported to Finland in a frozen container.

2.2.4 Ozone analyzer

2.2.5 Cyanobacterial mat and water samples

A comprehensive two-dimensional gas chromatograph—
2.3 Analysis of aerosol size distribution measurement  time-of-flight mass spectrometer (GCxGC-TOF-MS) from

LECO (LECO Instrument Ltd., Stockport, Chesire, England)
NPF events can be visually classified based on the shape afas used for the elucidation of volatile and semivolatile
the particle size distribution into different types (Dal Maso et organic compounds in aerosol particles. The methodology
al., 2005; Yli-Juuti et al., 2009; Manninen et al., 2010; Kul- used for the extraction, derivatisation, individual isolation
mala et al., 2012). The different types of events are signatureand identification of the compounds was similar to that
of NPF happening on different spatial and temporal scalegeported earlier (Ruiz-Jimenez et al., 2011a, b). Briefly,
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the compounds were extracted from the filters by sonica- 90
tion assisted extraction. Samples with and without derivati- :2 1
sation were analysed in triplicate. The derivatisation step 60

was necessary to increase the volatility of the semivolatile 50 -

and low-volatile compounds. 50 ng of 2,4-dichlorobenzoic 40 1
acid, used as internal standard (IS) for the derivatisa- |
tion step, was added to the sample before the derivati- 10 -
sation. Sample solvent was then evaporated with a gen- 0
tle stream of nitrogen. A mixture of 20 uL of BSTFA (N, A B c D E F G

O-bis(trim_ethylsiIyI)triﬂuqroacetamide) Containing_l% of Fig. 1. Classification of compounds found in the quartz filter
TMCS (trlmefthyl_chl(_)rosnane) and 20uL _Of pyridine was samples into main chemical groups. (A) Halogenated compounds,
used as a derivatisation reagent. The reaction was accelerat@sh hydrocarbons, (C) nitrogen compounds, (D) sulphur com-
by the application Of Ultrasound for 30 min at‘35 BefOI’e poundS, (E) carboxy| CompoundS, (F) hydroxy| Compounds and
GCxGC-TOF-MS analysis, 5ng of 1-1’-binaphthyl, used as (G) carbonyl compounds. The y-axis is the number of detected com-
IS for the injection, was added. In a third step, the most com-pounds.
pounds present in the extract were individually isolated and
detected using the GCxGC-TOF-MS. The identification was
based on the comparison of the spectral information obtaineduch (a) or after pH adjustment (100 uL of 1M HCI) (b). Zero
from the detector and the retention indexes calculated usingamples were made from distilled water (same treatment as
authentic standards with the information provided by Na-real samples). Sample 3 (pieces of cyanobacteria, 142.7 mg
tional Institute of Standards and Technology and the Golmfresh weight) was extracted by static ultrasound assisted ex-
databases. Identified compounds were classified into sevemaction with 10 mL of acetone (30 min) as a solvent (Kallio
groups according to their chemical composition: hydrocar-et al., 2006) and filtered through 0.45 um syringe filter. Vol-
bons, halogenated compounds, nitrogen compounds, sulphume of all samples was reduced to 5 mL by evaporation with
compounds, carboxyl, carbonyl and hydroxyl compounds. gentle stream of nitrogen without heating. Two aliquots of
The high number of identified compounds in GCxGC- 1.5 mL were taken from each sample for the further analy-
TOF-MS made the quantitation a challenging task. The semisis. The sample preparation before the injection to GCxGC-
quantitation of the identified compounds was achieved in thisSTOF-MS was identical with that used in the case of the filter
research using the normalized response factor (NRF), calcusamples. In total, 135 and 227 compounds were identified
lated as follows: from water (sample 1 and 2) and algae (sample 3) samples,
AG; respectively.

Ais’

whereAGC; is the peak area of the different analytes ang 3 Results and discussion

is the peak area obtained for 1-1’-binaphthyl, used as the in- ) ) ]
ternal standard for the injection. During the campaign, three new particle formation (NPF)

An average of 261 compounds per sample were identifiecEvent peri_ods were observed (Fig. 2, upper panel)._ In the first
using the proposed methodology. The classification of thes&Ve€Nt period, 9 to 11 December 2009, the intensity of NPF
compounds into the different chemical groups (Fig. 1) re-Was however very low, and occurred during an intrusion of

vealed that hydrocarbons, carboxyl and hydroxyl compoundé_air from higher altitudeg. This could be seen as an increase
are the families which contain most of the compounds. Theln the ozone concentration at the measurement site, but also

classification was done in two steps: first the identified com-in the HYSPLIT back trajectories. The next two NPF periods

pounds were classified in a sequential and exclusive way as W€'® much more intense compared to the first event period.
function of their elemental composition. After this, the oxy- N the following discussion we will focus on these two peri-
genated compounds (C, H and O) were classified into car0ds. , . o

boxyl, carbonyl and or hydroxyl compounds in agreement The total particle concentration (contamination not taken
with the highest oxidation state of the functional groups INto account) during the campaign was on average several

NRF= "NRF; = 1)

present in the molecules. hundr_eds of particles per &nwhile during the _event pe-
riods it increased to several thousands of particles pér cm
2.4.2 Samples from water andNostoc commune (Fig. 2, second panel). The highest concentrations were ob-

served during the second event period (1 to 3 January 2010).
Samples 1 (only water) and 2 (water with small pieces of Some compounds that were found from both cyanobac-
cyanobacteria) were taken from the freezer 20 min beforgerial mat and water samples as well as filter samples were
the extraction. 5mL of sample was subjected two times topresent only during the second event period (1 to 3 January
liquid—liquid extraction (LLE) with 5 mL dichloromethane as 2010), whereas some were enhanced during all event periods

Atmos. Chem. Phys., 13, 3523546 2013 www.atmos-chem-phys.net/13/3527/2013/
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Fig. 2. The negatively charged (0.8—-10 nm) and neutral particle (10-500 nm) number size distribution (upper panel) during the campaign,
8 December 2009 to 23 January 2010 (the time axis is the same in every figure). The total particle concentration, where the contamination has
been taken away, is given in the second panel. The third panel shows the wind direction at 1 h time resolution with the pond and contamination
sectors shaded with green and grey, respectively. The lowermost panel shows the normalized response factor (bars) of Group 1 and Group
compounds as well as their fraction from all detected organic compounds (coloured rectangles).

(Fig. 2). These were called Group 1 and Group 2, respec3.1.1 Event period 1 to 3 January 2010
tively. Also, the relative fraction of Group 2 compounds was

greatest during the second event period. During the event period 1 to 3 January 2010, four local and

three regional NPF events were observed (Fig. 3). The period
started with rapid increase in both wind speed and tempera-
dure in the early hours of New Year Day. The air mass change

January 2010, apple- and bump-type as well as banana-typ'g very clear f(;om the sug‘ace .8:0t (seco;%; %gellJ’Tlgg'DS)’
new particle formations were observed. These different types’?lS ?hnew r_n(()i € allppeadr_e " rapidly alroun .'I bl : d tlrj]r'
of events are signatures of NPF occurring on different spatialng € period, sofar radiation was aiways avaiiable and the

les (Manni tal., 2010; Kulmala et al., 2012). Appl “wind blew almost _aII the time stably from the direction of
scales (Manninen et a uimaia et a ). Apple the ponds. According to the HYSPLIT (Draxler and Rolph,

e new particle formation is commonly considered to be a X . . N .
P P y 2012) back trajectories, the air was arriving at the station fol-

signature of particle formation on a local scale, with forma-I o th " bout 100—200 km inland th
tion occurring fairly close to the observation point (O’'Dowd owing the coastine, abou » M in'and, overtne mar-
£9in of sheet and shelf ice as well as over the mountain ranges

et al., 2002; Manninen et al., 2010). Due to the proximity o gjelsvikfjella and Mihlig-Hofmannfiella
the ob ti int and the fresh particl ,th ) ,
© observation point and the 1resh particle Souree area, ther The local NPF events (I-1V) started directly from the clus-

is insufficient time for observable particle growth to occur. S L .
ter mode, which is a clear indication that the new particle for-

During each local NPF event, the local wind direction was .
from the pond sector. Banana-type new particle formation ismatlon took place close by. Three of these events were apple

considered to represent particle formation and growth on éype (_I’ i a_md I_V) and one bump type (. DL_mng _event_IV
regional scale (Dal Maso et al., 2007; Manninen et al., 2010).”.1e vymd dwgchon was ;hghtly varying, causing discontinu-
In this type of observation, the air mass during the event isItIeS in the size distribution (Fig. 3). : o .

Due to the shape of the number size distribution during lo-

considered to be fairly homogeneous, with particle formation

and subsequent growth occurring throughout the advectinialI events, the growth rate (GR) Of. newly formed parthles
air mass for the duration of the observed event. ould not be calculated. The formation rates of 1.6 nm-sized

negative clusters varied from 0.02 to 4.2¢hs 1, the high-
est value being obtained during event lll.

3.1 Overview of the observed nucleation events

During the event periods 1 to 3 January 2010 and 17 to 2

www.atmos-chem-phys.net/13/3527/2013/ Atmos. Chem. Phys., 13, 35544 2013
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Fig. 3. Particle size distributions from AIS (negative polarity) and DMPS during the entire campaign (upper panel) and zoomed to the event
period from 1 to 3 January 2010 (second panel). The colour scale is dMgllagnit cmi3. Local (I-1V) and regional NPF events (1-3)

are also marked in the figure. The white dashed lines follow the growth of the regionally formed particles. Meteorological parameters (wind
direction, speed and gust; average, minimum and maximum temperature as well as relative humidity; global radiation and pressure) during
the event period are shown in the three lowermost panels. The shaded green and grey areas in the third panel show the ppadd10-85
contamination (210-270 sectors, respectively.

At the same time with the local events, also regional eventBasen 24 h before arriving at the station. Even if the trajec-
(1-3) were observed. These events started from particletory seemed to come from the direction of the ocean, the sea
larger than 10 nm, and the formed particles were seen to grovice edge on January 2010 was some hundreds of kilometres
over several hours. The growth rates for the regional eventérom the shelf ice edge according to the National Snow and

varied between 0.9 and 5.6 nmhand the formation rates of
10 nm particles [(10) varied from 0.08 to 0.3cmPs™! (Ta-
ble 1).

3.1.2 Event period 17 to 20 January 2010

Ice Data Center. A few hours later, a cloud covered the sta-
tion, and the cloud overpass continued from the evening of
17 January until noon 18 January.

During the local event Il, air masses arriving at the station
were coming from mountain range Vestfjella, to which Basen
also belongs (Fig. 5). According to the wind direction ob-

During the event period 17 to 20 January 2010, three lo-Served at Aboa, the air masses passed the near_-by mountain
cal and two regional events were observed (Fig. 4). TwoPlogen, where meltwater was also observed during the cam-
of the local events were apple-type (I and 1) and one Paign. The local wind speed at Aboa increased to approxi-

bump-type (I). In these events ¢_ varied from 8x 10~3

mately 15 ms?. At the end of the period, the air masses were

to 0.33cnt3s71, the highest value being during event II. Stagnant again, staying over the surrounding area (Fig. 5).
The GR andJy for the regional events varied from 1.8 to The intensity of the particle formation during local event Il

8.8nmht and 3x 1073 to 0.3cnr3s71, respectively (Ta-
ble 1).

was quite weak, yet measurable.

The period started with a simultaneous observation of l0-3.1.3 Wind-induced events
cal and regional events. During this time, the wind speed was
fairly low and the air mass was also rather stagnant (Fig. 5)In addition to the event periods, we observed five days dur-
The measured air mass was staying over the land, close timg which we saw NPF events that did not grow above the

Atmos. Chem. Phys., 13, 3522546 2013
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Table 1.Obtained and calculated parameters for selected NPF events during 1 to 3 and 17 to 20 Janud@zy=d&ilhe median temperature

over the event time, WS is the wind speed at the onset of visible nuclediign, is the formation rate of 1.6-nm sized negative clusters

and Jassumis the nucleation rate assuming that the ion-induced nucleation explains 10 % of the ob&rwadch is the coefficient in

Eq. (1), is assumed to be T8 cm=3s71. [H2SOy]calc is the calculated atmospheric sulphuric acid concentration where@ i heeded

is the sulphuric acid concentration needed to explain the growth without organigg:@Rhe GR that would result from the atmospheric
sulphuric acid concentration and GR is the growth rate obtained from DMPS size spectrum using the “mode-fitting method” described in
Dal Maso et al. (2005); Yli-Juuti et al. (2011). Also, the percentage that sulphuric acid explains of the growth is given. Event numbers refer
to the ones marked in Figs. 3 and 4.

Time Tred J16- JassundJ10 [H2SOslcac  GR [nmhrY] [H2SOs]needed  GRealc Explained %
[KIWS[ms™1] [em=3s7Y] [em=3s1]  [molec.cnm3] (size range) [nmh?]

1.1.2010 Event 1 270.4/11.3 0.09 0.9/0.3 930° 55402 (24.1-45.9nm) 1.05 108 0.050 0.9

2.1.2010 Event 2 270.8/11.5 0.1 1.0/0.2 x10° 214005 (28.4-47.0nm) O x 107 0.052 2.5

3.1.2010 Event 3 272.3/9.7 0.02 0.2/0.08*0.1 45x10° 564011 (26.9-90.2nm) 1x 108 0.023 4.2

17.1.2010 Event1 271.8/2.8 0.27 2.7/0.3 6%10° 88402 (21.9-61.7 nm) TIx108 0.08 0.9

20.1.2010 Event2  268.6/5.2 0.008 0.03/0.003 7110° 1.8+0.3 (34.8-67.8nm) Bx 107 0.01 0.5

* Two bursts, 10:00-12:00 and 16:00-19:00 UTC, were observed in DMPS.

detection limit of DMPS, but were visible in AIS (Fig. 6). Nostoc communévaucher) forms macroscopic colonies
All the events were observed during higher-than-averageboth on top of lake sediments and on soils. Recent findings
wind speeds. The median wind speed for the whole measuresuggest that the two forms, aquatic and terrestrial ones, have
ment campaign was 4.6 m’s whereas during wind-induced separated both genetically and ecologically (Novis and Smis-
events on 11, 17, 23—-24 and 28 December it was 121ns sen, 2006), and their responses to environmental factors dif-
8.1ms?, 9.3ms?! and 8.4ms?, respectively. The events fer from each other. Studies on terrestrial communities show
did not start directly from the cluster mode, as was the case positive response to increasing temperature unfil24f-
for the events that were linked with meltwater production, ter which respiration is expected to exceed net carbon fix-
but the formed ions were at the intermediate size. It has beeation (Novis et al., 2007). In contrast, Vincent and Howard-
previously seen at Aboa that high winds lead to the formationWilliams (1989) have shown a decrease in net carbon fixation
of < 10 nm intermediate size ions (Virkkula et al., 2007). at much lower temperatures (increase in temperature from 0
to 10°C) for aquatic mats. Decomposition studies on aquatic
3.2 Origin of the formed particles Nostoc communsuggest that the thick mats bfostoccan
only exist due to cold temperatures that greatly depress the
Ce\;owth rates of bacterial decomposers (Vincent and Howard-

We hypothesize that the local particle production observed® : ;
yp b P illiams, 1989). In melt ponds the microbial mats are ex-

during the event periods was linked with emissions from the o
near-byNostoc commun@/aucher)-filled meltwater ponds, posed to larger temperature changes than those that are living

and that the regional particle formation was, to a large ex-in the lakes (since they are living in the bottom of the lake).
' 'gherefore we can assume that tie communepopulations

tent, associated with emissions from blue-ice areas as well an meltwater onds are closer to the terrestrial ones. which
mountainous areas in Dronning Maud Land. We next search) P ' » WhI

for evidence for this hypothesis and explore potential alter—?ave much higher temperature optimum for net carbon fixa-
native explanations. '02‘,[ Aboa. Nost is found mainlv f th
The colonial cyanobacteriutdostoc commung@/aucher) 03, NostoC commun found mainly from the show-

is a cosmopolitan generalist, which exists in freshwater (\ﬁn-and ice-meliing Zones on the top .O.f Basen (Sohlenius et al.,
2004), but also terrestrial communities have been found. Dur-

cent and Howard-Williams, 1986, 1989; Moorhead et al., .
1997) and terrestrial (Novis et al., 2007) environments and"9 the FINNARP 2009 expedition, the ponds were formed

is widely spread around Antarctica from the surrounding is_around Christmas and the cyanobacteria were exposed to

lands (Broady, 1989) and Antarctic Peninsula to mountainssunllght aroun.d the Nevy Year (F'g' 7). In addition, the oc-
urrence of microfauna in Basen is much more frequent in

Broady, 1996), ds (Holm-H , 1964; Wharton Jr. - i ; .
(Broady ), ponds (Holm-Hansen arton r etYC\Iostocthan in inorganic material (Sohlenius et al., 2004),

al., 1983) and dry valleys (Novis et al., 2007) in coastal anOIand a number of different lichens species are also found from
continental sites. It is also widely spread in the High Arctic .
! ! ! WIGEly sp ! '9 ! the mountain (Johansson and Thor, 2008).

(Sheath et al., 1996; Liengen and Olsen, 1997). It can sur
vive extreme conditions, such as drought, freezing and UV-

radiation (Dodds et al., 1995). Migrating birds, such as Arctic 3.2.1  Evidence from air mass trajectories

tern (Sterna paradisagahave been shown to disperses-

toc communén their tail feathers to Antarctica (Schlicting et When investigating the origin of particles associated with the
al., 1978). observed regional NPF events, we made two assumptions:

www.atmos-chem-phys.net/13/3527/2013/ Atmos. Chem. Phys., 13, 355446 2013



3534 E.-M. Kyr0 et al.: Antarctic new particle formation from continental biogenic precursors

01/10

AN . » N
N - -
M Tioin T Trnex - i i h i
5 : =
—Glob ===p| & . 3
. . ~

500

1

1

1

1

]

1

[}

1
\
|
1
1
1
1

O

O

wv

p [hPa]

Glob [(Wm™?)

0 2 L 1 35
01/17 01/18 01/19 01/20 01/21

Fig. 4. Same as Fig. 3, except zoomed for the event period 17 to 20 January 2010. The period inside the cloud is marked with a dashed purple
rectangle.

72 T 7 T According to our calculations, newly formed particles or
Sea , their precursors originated mostly from the margin between
the shelf ice and continental ice (Fig. 8). In this region, there
o B3I ‘ ABOA 1 is a large area of blue/superimposed ice (blue areas shown in
- Shelfice . 4 . . .

3 Continentalice Fig. 8b and c). These blue-ice areas encase supraglacial lakes
7 (Brandt and Warren, 1993), which experience surface melt-
741 ——17.1.2010 10:00 GMT [ ing during the summer (Liston and Winther, 2005), form-

=—19.1.2010 12:00 GMT ing shallow ponds. A similar lake is also found near Aboa
~—20.1.2010 08:00 GMT (Lehtinen and Luttinen, 2005). Some newly formed par-
730 15 10 5 ticles seemed to originate also from the mountain ranges
Longitude Gjelsvikfijella, Muhlig-Hofmannfjella, Heimefrontfjella and
Vestfiella.

Fig. 5. The 24 h HYSPLIT back trajectories during the observed
local events from 17 to 20 January 2010. Each time the air mass; 5 5 Evidence from chemical analyses
had been staying over the land and in the surrounding area over the

last 24 h. Continental and shelf ice are seen separately in the ma|
According to the National Snow and Ice Data Center, the sea ic
edge next to Aboa was more than a hundred kilometres from th
shelf ice edge in January 2010.

Rvhen comparing NRF of organics and nucleation mode par-
Sicle concentration, a clear correlation between the two was
efound (Fig. 9). We observed a clear correlation between
the neutral (panel a) as well as charged (panels b—c) nucle-
ation mode particle concentrations and the NRF of organics
(1) particles grew initially very fast to sizes between aboutfound from the filter samples. The correlation was greatest
5 and 15nm, as observed in our local NPF events, (2) par{R? = 0.73) for the large negatively charged ions and small-
ticles then grew at about a constant rate until reaching ouest (R2 = 0.37) for the intermediate negatively charged ions.
measurement site (the GR measured at Aboa). With these Comparison of the chemical composition of studied
assumptions, and following the HYSPLIT back trajectories aerosol samples and samples from the cyanobacteria and wa-
back in time, we could then determine the geographical areder revealed that some compounds having a high NRF dur-
where the particles had roughly been formed, or where theng the NPF event days were also present in the algal and/or
precursors initiating NPF originated from. water samples (Table 2). From these compounds, three were

Atmos. Chem. Phys., 13, 3523546 2013 www.atmos-chem-phys.net/13/3527/2013/
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Fig. 6. Wind-induced events during December 2009. BaXesD) show the particle size distribution from AIS (negative polarity) as well as
wind direction and speed during five days of wind-induced events on December 2009. The colour scale in AlS surface plots i3dN/dlog

exclusively present in the aerosol particles collected duringTable 2. Organic compounds found from filter as well as water and
the event period 1 to 3 January 2010 and three were presemtgal samples. Group 1 compounds were present in the filter sam-
in all the aerosol samples, with the highest NRF values (re-les during the second event period, whereas Group 2 compounds
lated to concentrations) in the samples collected during th&vere present during all event periods, but their absolute concentra-
event periods. tion and contribution to the total organics was greatest during the

The first group of compounds, related to the pond meIting,second p(?‘rio:j. Compounds labelled with “A” have been found from
was also detected in water and the algae samples. Due to thaégal and "W from water samples.
lack of authentic standards, it was not possible to quantify
these compounds in the samples. Although the NRF allowed
the comparison of the results achieved between the differ- 1-Hydroxy-3-oxopropane- A 1,4-Bis(sulfanyl)butane- A
ent samples, it did not provide information about the real 1.2:3-Tricarboxylic acid 23-diol
concentration of the compounds. The exclusive presence of iﬁ:gggﬁgﬁmiﬂi:ﬁggzﬁine :’\)’VV 2H gf(grrsgt'ﬁ;ﬁhﬁg n-1-ol AA
some compounds and the increased NRF for some individual ' '

compounds in the particles collected during the event peri-

ods supported the role of NPF. In order to clarify this point,
the NRF, expressed as percentagé tfRF, was calculated
for these compounds (Table 3). The values for NRFs range
between 0.5 and 2.4 % in the case of the compounds prese
in the filter during the second event period (1 to 3 Januar
2010). In the case of the compounds present in all aerosg
samples, the NRF values ranged between 1.4 and 5.5% in th

Group 1 Group 2

than what is their saturation concentration, it is possible that
&)rimary particles emitted by the ponds contained these com-
punds. In addition, some potential precursors of these com-
ounds were found in the water and aerosol samples (Ta-
le 5). Thus, the compounds in pond samples were oxidised
ffom these precursors while being in the ponds, whereas the

period from 1 to 3 January 2010 and between 0.8 and 3.105ame compounds found from the filter samples were oxidised
in the period from 17 to 20 January 2010. These values ard the atmqsphere from th.e precursors anq transferred to the
surprisingly high in comparison with the average NRF for particles either by nucleation or condensation.
these compounds in the particles collected during non-event
days (0.18 %).
Although the theoretical vapour pressures of the com-
pounds present in the groups 1 and 2 are not high enough
(Table 4) to allow them to evaporate from the ponds more

www.atmos-chem-phys.net/13/3527/2013/ Atmos. Chem. Phys., 13, 355446 2013
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Fig. 7. Formation of the ponds and exposure of the cyanobacteria
The map in the upper left corner shows the locations where the pho
tos were taken. On 9 December 2010 the top of Basen was still un
der snow(A) and on 16 December there was clearly less s(®w A
but open ponds were not formed. The first ponds were observed o o A
25 Decembe(C) and the samples from water and microbial mats
of Nostoc commun@/aucher) were taken on 3 January 2qQD3-

E). On that day, also underground tricklgis) were observed. A
big lake, approximately 100fnin area, formed in the first half of
January(G) and even mor&lostoc commung@/aucher) was found

“‘ ¥ T Gl & [ {
W {’»‘:b’;’.“i"'. Mg &%

Fig. 8. Origin of Aitken mode particles associated with the observed
regional nucleation events. Paii&) shows the estimated source ar-
eas of Aitken mode particles calculated along back trajectories by
assuming that the particles grew in size during their atmospheric
on 17 JanuaryH). The satellite image is downloaded from Land- transportation at the same rate as observed in our measurement site.

sat Image Mosaic of Antarctica (LIMAttp:/lima.usgs.gov/The The “initial diameter” of these particles was assumed to be 5nm

mentioned days are the only days when the top of the mountain wa£Circle), 10nm (square) or 15nm (triangle), which represents the
visited and photographed. uncertainties in the very fast growth of nucleated particles in the

immediate vicinity of their emission source as seen during the local

events in Figs. 3 and 4. The different colours of the markers (see the
legend) refer to different nucleation events or, in case of 20 January,
to two separate Aitken modes observed during the same event. For

each event, we visually selected 6 spots in the particle size vs. time
In order to be sure that the observed local NPF and subsespace that we followed using trajectories: the lower (light-coloured

quent growth was caused by the near-by meltwater ponds, Wgarker) and upper (dark-coloured marker) end of the Aitken mode
investigated other possible factors that could cause changes the middle (large marker) of the event or at the beginning or end
in particle size spectrum similar to the events observed hergsmall marker) of the event. PanéB) and(C) show LANDSAT-
These include the intrusion of air (and dimethyl sulphide, satellite images over the same area showing larger areas of meltwa-
DMS) from higher altitudes, the possibility that the air mass ter in the border between the shelf ice and ice sheet. Satellite images
had stayed over open ocean and picked up aerosol precursciee downloaded from the LIMA web pagefp://lima.usgs.gov/

from there, contamination, and changes in the condensation

and coagulation sinks.

The influence of air intrusion from higher altitudes was campaign is also shown. From the figure it is clear that only
ruled out by using the ozone concentration as an indicatorthe first event period (9 to 11 December 2009) occurred when
Since there are no local sources fay, @is can be done with  the O3 concentration was higher than average, whereas the
a good accuracy. Figure 10 shows the ozone and nucleatiotwo periods where we observed local NPF took place when
mode concentration over the entire campaign. The NPF perithe O3 concentration was lower than average.
ods are shown with shaded light yellow, light blue and pink  According to the HYSPLIT back trajectories, each time
areas and the median ozone concentration during those pernivhen a local NPF event was observed at Aboa, the air mass
ods is given. The median ozone concentration over the wholdad not descended from higher altitudes but rather arrived

3.2.3 Other possibilities

Atmos. Chem. Phys., 13, 3523546 2013 www.atmos-chem-phys.net/13/3527/2013/
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respectively.

Table 3. Percentage op NRF calculated for group 1 and 2 com-

pounds.

from close to the ground level (Fig. 11). The trajectories
were calculated to arrive at 500 m above the ground leve
(a.g.l.). With this arrival height in the HYSPLIT model, the

Sample % ofy _NRF
Groupl Group 2

08.12-10.12 0.0 2.2
10.12-12.12 0.0 15
12.12-15.12 0.0 0.2
15.12-17.12 0.0 0.1
17.12-19.12 0.0 0.4
19.12-22.12 0.0 0.2
22.12-24.12 0.0 0.2
24.12-26.12 0.0 0.1
26.12-29.12 0.0 0.1
29.12-31.12 0.0 0.1
31.12-2.1 6.5 10.5
02.01-05.01 5.8 6.8
05.01-07.01 0.0 0.2
07.01-09.01 0.0 0.3
09.01-12.01 0.0 0.2
12.01-14.01 0.0 0.1
14.1-16.1 0.0 0.2
16.1-19.1 0.0 2.7
19.1-211 0.0 6.9

HYSPLIT back trajectories were also used in order to ex-
clude the trajectories that had been over the ocean. The tra-
jectories were calculated at 500 ma.g.l., 48 h backwards from
each local NPF event. Approximately half of these trajecto-
ries were not over the sea at any point and none of the tra-
jectories were over sea less than 24 h before arriving at the
station. Matrix trajectories (trajectories that are arriving at
slightly different coordinates) as well as trajectories at dif-
ferent heights were also calculated in order to validate the
sensitivity of the trajectories, and these calculations showed
similar behaviour of the air mass.

According to the National Snow and Ice Data Center, the
January 2010 sea ice conditions at the coastline of Dronning
Maud Land (DML) were close to the median values. The sea
ice on the western side of DML was extending more than a
hundred kilometres from the coast, almost all of the Weddell
Sea was covered with ice, and the sea ice on the eastern side
of DML was also extending some tens of kilometres from
the coastline, with only a narrow band of ice-free coast at the
central part of DML. Even if some of the trajectories seemed
to have been over the ocean at some point (all more than 24
hours before arrival) in their path, they were still over the sea
ice and not over open ocean. Thus, the observed local events
cannot be explained by emissions from the sea.

The contamination sector at Aboa is well defined, 210—
270, all the infrastructure and vehicle tracks being in that
direction. Also the Swedish station Wasa, only 200 m from

boa, is in that direction. During the campaign, the wind

lew only 4.6 % of the time from the contamination sector.

Contamination of the regional observation can be ruled

real arrival height to the measurement site was approximatel)(/)ut simply by considering the scale of the regional parti-

250 m, since nunatak Basen is not included to the HYSPLIT

cle formation events. For the local emissions, we studied

terrain. Aboa is located on a plateau 250 m above the glacier.

www.atmos-chem-phys.net/13/3527/2013/
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Table 4. Theoretical vapour pressurd) and vaporization enthalpy\Hvap) for the compounds contained in groups 1 and 2.

Compounds Pg (mmHg at 25C) A Hyap (KJ mol~1)
1-Hydroxy-3-oxopropane-1,2,3-tricarboxylic acid .04x 1010 80.4
1-lodo-2-methylundecane @x 1073 51.5
1-lodo-2-methylnonane 2x 1072 47.6
1,4-Bis(sulfanyl)butane-2,3-diol B7x107° 70.6
Hexanedioic acid P8x 10°° 63.9
2,2-Dimethylhexan-1-ol ex101 48.8

Table 5. Potential identified precursors in water and aerosol phases for the compounds in groups 1 and 2.

Compounds Precursors

1-Hydroxy-3-oxopropane-1,2,3-tricarboxylic acid  Malic acid, oxalic acid, maleic acid

1-lodo-2-methylundecane Undecanol, undecene, undecene nitrile, sulphuric acid, sodium iodine
1-lodo-2-methylnonane Nonanol, nonanal, nonene, sulphuric acid, sodium iodine
1,4-Bis(sulfanyl)butane-2,3-diol -

Hexanedioic acid Cyclohenanone, butadiene, cyclohexanol, nitric acid

2,2-Dimethylhexan-1-ol -

signatures of known contamination (such as snowmobiles)L7 to 20 January 2010, the values were an order of magni-
and found that the duration and shape of the observed appldtde larger. Since local events occurred both in the second
type events was markedly different from the contaminationand third event period, high or low CS and Coag$S did not af-
signature. Contamination is observed in particle size specfect the probability of local NPF. The value of CS correlated
trometers (DMPS, AIS) as short peaks in concentration inmoderately with both Aitken and accumulation mode parti-
most size bins, appearing and disappearing quickly (Fig. 12)cle number concentrations (Fig. 14), as expected since these
This is contrary to local NPF events that appear as continuparticles form the dominant CS, but had no correlation with
ous particle formation over several hours, without sharp gapshe nucleation mode particle concentration (Fig. 14).

in between. Also, the particles that are seen during contam-

ination are always larger than 10nm in size. Thus, neithei3.3 Particle growth and particle interaction with clouds

the contamination from Aboa nor from neighbouring stations

(German Neumayer 350km or South African SANAE IV We next investigate the growth of newly formed particles in
420 km away) can explain the observed local NPF events. order to find out (i) which vapours were responsible for their

Changes in pre-existing aerosol as a cause to our obsegrowth, and (ii) whether these particles grew sufficiently
vations can be ruled out by analysis of the time series oflarge to be able to interact with clouds as observed previously
condensation and coagulation sinks at Aboa. The sinks wer# the Arctic atmosphere (Kerminen et al., 2005; Komppula
generally very low, due to the minimal aerosol loading over et al., 2005).

Antarctica, and NPF can therefore be considered to be lim-

ited by the aerosol source rather than the vapour and parti3-3.1  Contribution of sulphuric acid to the particle
cle sink. Additionally, we did not observe a reduction of the growth

computed sink values prior to the observations of NPF. ) )

The time series of condensation and coagulation sinks (CJ he rate atwhich the newly formed aerosol population grows
and Coags, respectively) together with the time series of nu¢an be determined from the measured number size distribu-
cleation mode particle concentration are presented in Fig. 1310ns by following the geometric mean size of the nucleation
All three NPF event periods are marked in the figure with Mode particles (Dal Maso et al., 2005; Yli-Juuti et al., 2011).
shaded areas. During the entire campaign, the median valuring both local and regional NPF events observed here, the
ues for CS and CoagS wered4 104 and 42 x 10651, particle growth appeared to be very rapid compared with pre-
respectively. While the CS and Coag$S values over the firs/ious observations from Antarctica (Kulmala et al., 2004; Yu
event period (9 to 11 December 2009) were only slightly €t al., 2008). We next |n\(est|gate which .fractllon of the partl-
higher than these median values, during the second event p@le growth can be explamed by sulphuric acid and to which
riod (1 to 3 January 2010) CS and CoagS were lower tharfXtend other condensing vapours are needed.

limiting values for the sulphuric acid concentrations by

Atmos. Chem. Phys., 13, 3523546 2013 www.atmos-chem-phys.net/13/3527/2013/
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1600 reported value (10 cm~2s~1) were used. The 8O, con-

centrations obtained this way are in a good agreement with a
recent modelling study (Yu and Luo, 2010) that yielded con-
centrations in the range 6f0.6—15x 10° molecules cm? in

the Antarctic coastal areas in the austral summer (December—

—1* Jan 08:00
1400/ --=1% jan 23:00
2™ Jan 07:00

1200 rd
=="3" Jan 06:00

—oth .
E 1000 _._gm j:: ij:gg February), as well as with the directly measured values from
g 20t 1an 08:00 South Pole (Mauldin et al., 2004, 2010) and Antarctic Penin-

sula (Jefferson et al., 1998a).
We obtained the observed values for the nucleation rate
J (Table 1) from the particle formation rates measured by
the AIS according to the methodology described by Kul-
200, 2 p 6 8 10 2 mala et al. (2007) and Manninen et al. (2010). From these,
Hours before arrival we could then estimate the upper and lower boundaries for
Fig. 11. Trajectory height above ground during event periods 1 to 3the sulphuric acid concentration using Eq. (2). From the
and 17 to 20 January 2010. aerosol size distribution data, we obtained the modal growth
rate of Aitken-mode (size of 20-100 nm) particles follow-
ing the mode-fitting methodology described in Dal Maso et
assuming that the aerosol formation was driven by a ki-al. (2005) and Yli-Juuti et al. (2011). Since the particle di-
netic sulphuric acid nucleation mechanism. The kinetic the-ameter growth in this size range and at the observed con-
ory (McMurry and Friedlander, 1979) assumes that the ratecentrations range is to any observable extent mainly due to
limiting step in nucleation is the collision of two sulphuric vapour condensation, we could compare the observed growth
acid molecules as in kinetic gas theory, and that a fractiorvate to the theoretical prediction of the growth rate in the
of these collisions lead to the formation of stable clusters.case that only sulphuric acid was growing the particles. In
This leads to a formulation that gives the nucleation rate athis approach, the sulphuric acid concentration required for a
quadratic dependence of the sulphuric acid concentration: given diameter growth is given by (McMurry and Friedlan-
der, 1979; Nieminen et al., 2010)

2,0\/dv Tmy ZX]_ + 1 ZXO + 1
Here k is a coefficient that incorporates both the colli- Cv= ammyAr \ 8T | x1(x1+1) xo(xo+1)
sion frequency and the stable cluster formation probabil-

121 (xl(xo+l))}

J =k[H2SO4)?.

ity. It has been found that the value bfaverages about of —_—
10-2cm~3s1in the atmosphere (Paasonen et al., 2010), so Xo(x1+1)
we used this value for our estimation (Table 1). In addition, Here, Cy is the vapour concentratiorg, is the vapour
the theoretical upper limit (10°cm—3s~1) and the lowest  density,my is the molecular mass of the vapour,s the

®)
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Boltzmann constant, anfl is temperaturex; = dy/dp and Knowing the sulphuric acid concentration, the growth rate
xo = dy/dpo, Whered, is the vapour molecule diametelp is caused by it is now given by (Paasonen et al., 2010)

the particle diameter at the end of growth, ahgis the ini- [H2S0u]

tial particle diameter, is the mass accommodation coeffi- GRy,so, = ———. 4)
cient andAt is the elapsed time. Setting the diameter growth YGR=1

to 1nmh?! in the above equation, we get a vapour con-In Table 1, we have compared the observed growth rates
centration multiplierygr=1 (in molecules cm®nm~1 h) for (GRops) to the sulphuric acid growth rate when assuming the
the sulphuric acid growth rate, essentially corresponding tovalue of k to be equal to 102cm—3s~1. By assumingk

the HSQy concentration causing a growth rate of 1nmth  to be two orders of magnitude lower £ 104 cm—3s71),
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During our measurement campaign, a sequence of cloud
droplet action events from 17 to 18 January showed that

=
S
w

=
[=]
=

E E E émf even fairly small particles were able to act as cloud con-
gz 3 densation nuclei. The station was inside a cloud three times
g £ E S| & R?=0.55 during these days: from 19:30 to 22:00 on 17 January, and
=3 g3 - from 03:00 to 07:00 and from 10:30 to 12:00 on 18 January
10’ 2% 10 (Fig. 15). We can see the smallest size bin where some acti-
Q0 0.5 1 1.5 2 0 0.5 1 1.5 2 " .
Condensation sink s\ 17” Condensation sink (s3] 107 vation occurred was 48 nm. The median valuedg, deter-
10 10" mined following Komppula et al. (2005), was 60 nm during
. e S the three cloud periods (Fig. 16). Such a small activity di-
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E 8 JE ““;?Z;”;;fj*ﬂjf“ of particles larger than 100 nm in diameter which, compared
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= g E - cloud supersaturation (McFiggans et al., 2006).
2.2 3

)
10 ] 0.5 1 1.5 2 0] 0.5 1 1.5 2 .
Condensation sink [s ']y 10~ Condensation sink [s1]y 10 4 Summary and conclusions

=
o

Fig. 14. Correlation of condensation sink with different particle \We observed two periods of local and regional particle for-
mode concentrations. mation at the Finnish Antarctic Research Station Aboa. The
particle formation was intense, and to our knowledge, this
was the first time that local non-polluted NPF events were
the percentages given in Table 1 would be ten times higheobserved in Antarctica. The amount of organics observed
and at maximum 42 % of the observed particle growth ratein filter samples and nucleation mode particle concentration
would be explained by sulphuric acid condensation. By as-showed a positive correlation over the campaign. By care-
suming the theoretical upper limit far (10-1%cm—3s~1),  ful investigation, we could link the local particle formation
the corresponding percentages would be ten times lower. to near-by meltwater ponds and cyanobactlistoc com-

We conclude that vapours other than sulphuric acid dom-mune (Vaucher) living abundantly in the ponds. Regional
inated the growth of newly formed particles in our observa- NPF events could be linked with blue-ice and mountainous
tions. The most likely candidates for such vapours are highlyareas, both known to have meltwater during the summer.
oxidised, extremely low-volatile organic vapours (Pierce et Evidence of the ponds being the source of the NPF precur-
al., 2011; Riipinen et al., 2011; Ehn et al., 2012). Some measor vapours was derived from analysis of the air mass trans-
surements of MSA (methane sulphonic acid) have been madport before it reached the measurement station. For the local
in the Antarctic Peninsula, but the measured values are faevents, we investigated local wind direction measurements
from being sufficient enough to explain the observed growthand found that during the local events, air masses came from
(Jefferson et al., 1998b). The identity and formation path-the direction of recently formed meltwater ponds. This evi-
ways of these vapours, as well as their relation to meltwatedence was backed up by chemical analysis of aerosols during

ponds, remain to be quantified. such time periods, which showed a markedly elevated signal
of organic compounds. The same compounds were identified
3.3.2 Cloud droplet activation in the analysis of the pond water.

For regional events, evidence for the meltwater pond
Particle number size distribution measurements can be usesburce was presented by air mass analysis using computed
to investigate the size-dependent activation of aerosol partiback trajectories for the observed regional events. The anal-
cle into cloud droplets (Komppula et al., 2005; Lihavainen etysis showed that air had travelled over areas that are com-
al., 2008; Anttila et al., 2009). More specifically, such mea- monly covered by meltwater ponds during the time of the
surements make it possible to determine the activation diyear that the events were observed.
ameter Psp), i.e. the “dry” particle diameter above which  Figure 17 summarizes our current understanding of the
the probability for cloud droplet activation exceeds 50 % in continental new particle formation in Antarctica. Meltwater
the cloud under consideration. A successful determination oponds release organics that are, after oxidation in the atmo-
the value ofDs5q requires that the cloud is non-precipitating sphere, capable of increasing the condensational growth of
and thatDsg is above the size range in which coagulation of aerosols enough for them to have climatic effects via cloud
cloud interstitial aerosol particles with cloud droplets startscondensation nuclei activation and probably increasing the
to influence the particle number size distribution. The latternucleation as well. It has also been suggested (Antony et
phenomenon is unlikely to be important above 20-30 nm ofal., 2010) that the bromine emissions from coastal ice caps
particle dry diameter (Komppula et al., 2005; Lihavainen etwould increase the oxidation of DMS and could therefore in-
al., 2007). crease the nucleation even in areas with no meltwater.
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A demonstration of the aerosol—cloud interaction of the have to grow over several days before they can reach climat-
newly found aerosol source was seen when the station wagally relevant sizes.
inside a cloud three times during the last NPF event pe- This is the first time that freshwater vegetation has been
riod. We observed cloud droplet activation of particles only identified as an aerosol precursor source. In the future when
a few hours after they had formed in blue-ice and moun-the climate warms, the area of meltwater ponds and biogenic
tainous areas. Due to low concentrations of accumulatioractivity in such ponds are likely to increase (Liston et al.,
mode patrticles, the activation diameter was very low (60 nm)1999), so we anticipate that the new aerosol source identi-
and some activation occurred already at 48 nm-sized partified here and its climatic role will also grow in importance.
cles. This shows that if there are enough oxidised organics irCurrently as much as 11.8 % of the Antarctic continent expe-
the atmosphere, particles in the Antarctic atmosphere do natiences surface melting (Liston and Winther, 2005). It could
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