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Abstract. Aerosol chemical composition was measured overl Introduction

the Atlantic Ocean in November—December 1999 and at the

Finnish Antarctic research station Aboa in January 2000.arge amounts of man-made and natural aerosols are trans-
The concentrations of all anthropogenic aerosol compound®orted every year from the continents over the ocean
decreased clearly from north to south. An anthropogenic in{Lelieveld et al., 2001; Kaufman et al., 2002; Chiapello
fluence was still evident in the middle of the tropical South and Moulin, 2002). In the marine environment, these
Atlantic, background values were reached south of Capecontinentally-derived aerosols influence the climate forc-
Town. Chemical mass apportionment was calculated for highng patterns by scattering and absorbing solar radiation and
volume filter samples (P<3um). North of the equator 70~ by modifying cloud properties (Ramanathan et al., 2001;
80% of the aerosol consisted of non-sea-salt species. Th&ekiguchi et al., 2003). Other potential effects caused by
contribution of sea salt was25% in the polluted latitudes, these aerosols include perturbations in tropospheric chem-
>80% in the Southern Ocean, ard 0% at Aboa. The con- istry via different heterogenous pathways (Ravishankara,
tribution of organic carbon was10% in most samples, also  1997; Seinfeld, 2000).

at Aboa. The correlation of biomass-burning-related aerosol Over the Atlantic Ocean, the physical, chemical and opti-
components witt#1%Pb was very high compared with that cal character of aerosols have been measured in association
between nss calcium arfd°Pb which suggests that%Pb is  with several short-term campaigns, e.g., TARFOX (Russell et
a better tracer for biomass burning than for Saharan dust. Thal., 1999), ACE-2 (Raes et al., 2000), with cruises across the
ratio of the two clear tracers for biomass burning, nss potasocean (Van Dingenen etal., 1995; Davison et al., 1996; Bates
sium and oxalate, was different in European and in Africanet al., 2001; Quinn et al., 2001; Leck et al., 2002), with long-
samples, suggesting that this ratio could be used as an indicderm monitoring programs (e.g. Prospero, 1999) and with
tor of biomass burning type. The concentrations of continent-satellite data (Bergstrom and Russell, 1999; Chiapello and
related particles decreased exponentially with the distancdoulin, 2002). The main features identified by these studies
from Africa. The shortest half-value distaneel00 km, was  include the continual presence of pollution aerosols associ-
for nss calcium. The half-value distance of particles that areated with fossil-fuel combustion over most of the Northern
mainly in the submicron particles was700+200km. The  Atlantic and the transport of Saharan dust across the Atlantic.
MSA to nss sulfate ratio, R, increased faster than MSA con-Measurements over the southern parts of the ocean have been
centration with decreasing anthropogenic influence, indicatfewer and limited mainly to short cruises between the border-

ing that the R increase could largely be explained by the deing continental areas.
crease of anthropogenic sulfate. In this work we present aerosol chemical data measured

in November—December 1999 during a cruise over the At-
lantic Ocean between the English Channel and the Antarctic
coast, along with a corresponding data measured in January
2000 at the Finnish Antarctic research station Abo& (33,
Correspondence tdA. Virkkula 13*25W, 470 ma.s.l). The main purpose of the cruise was to
(aki.virkkula@fmi.fi) transport cargo to several Antarctic research stations. The
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3408 A. Virkkula et al.: Atlantic aerosol chemistry

instruments that were to be used at Aboa were also usethan (1993). The inlet transmission efficiency depends on
during the transport cruise. The main results of the numbemwind speed. The averagg- (standard deviation) wind speed
size distribution measurements associated with these meat the inlet was 146 m s~1 during the cruise. The respective
surements were presented earlier by Koponen et al. (2002D5q of the combined inlet and sample line was=B8315um,
2003). The chemical composition of coarse particles wagaking aspiration and inertial losses in the inlet and sample
presented earlier by Niemi et al. (2005) who analyzed theline losses into account. ThBsg of the HV sampler was
high-volume samples taken between Europe and Antarcticalso determined by comparing sodium concentrations mea-
using scannning electron microscopy coupled with an ensured using both the SDI and the HV. The sodium concen-
ergy dispersive X-ray microanalyzer (SEM/EDX). Virkkula trations analyzed from the multistage impactor were added
et al. (2006) presented a detailed analysis of the chemicattage by stage starting from the smallest stage and the av-
mass size distributions of various aerosol components. Thigrage+ standard deviation diameter where the cumulative
paper presents the bulk chemical concentrations in one or twooncentration equaled the sodium concentration on the HV
size fractions. The data from the Antarctic site are presentedamples was 3:01.2um. At Aboa the average wind speed
only as a last measurement point of the north-south data sewvas 8:5ms-! and the respectiv®sg of the combined HV
ries. inlet and sample line was 3®.4,m. On the ship the sam-

ple line was two meters inside the laboratory where it got

heated due to the temperature difference between the outdoor

2 Methods and laboratory air. Due to the temperature increase relative
humidity dropped. There was no heater for the sample line
2.1 Sampling and the heating was not controlled. Temperature and relative

humidity of the sample air were monitored at the end of the

Samples for chemical analyses were taken using a highsample line in the laboratory room. The average relative hu-
volume sampler (HV), a virtual impactor (VI) that divides midity in the sample line in the laboratory was#405%. At
the sample in sub- and supermicron fractions, and a 12-stag&boa the inlets were placed 2.5 m above the container roof
small-deposit-area low-pressure impactor (SDI) (Maenhauivhich was about 3 m above the ground. Inside the labora-
et al.,, 1996). The sampling setup onboard the Akademiktory container the SDI and VI sample line was 2 m long and
Fedorov and at Aboa were described also by Koponen ethe HV sample line 1 m long. Both on the ship and at Aboa
al. (2002, 2003) and Virkkula et al. (2006). On the ship sam-the main flow 30 LPM of the sample line where the VI and
ple air was taken from 1.5 m above the bridge and the samthe SDI were attached was produced by the flow to a neph-
ple air was led through stainless steel and conductive flexibleelometer at the end of the sampling line. As on the ship rel-
tubing. The total length of the inlet tubes was 10 m. The tubeative humidity dropped due to the temperature difference of
diameter was 50 mm for the HV sampler and 25 mm for thethe outdoor and indoor air. Temperature and relative humid-
VI and the SDI. Above the bridge there were two positions ity of the sample air were monitored at the end of the sample
for the inlets. The inlets were attached on the side railing atline in the laboratory container. At Aboa the average relative
the uppermost deck of the ship. Depending on the wind rel-humidity in the sample line in the laboratory wastiZ%.
ative direction, the sample was taken from the clean side of The VI flow rate was 16.7 liters mirt (LPM) and the sam-
the ship or switched off in case of wind from the back of the pling time 24 h and 48h on the ship and at Aboa, respec-
ship. The HV sampling was continued, however, even whentively. Teflon (Fluoropore, 47 mm, 3m pore size) was used
the wind came from the back of the ship. This was becausess filter material both for the fineX, <1.3xm) and coarse
the main reason for taking the HV samples was for the anal{D,>1.3um) size ranges. After sampling the filters were
ysis of?19Pb, a tracer for continental air and it is not releasedstored in Petri slides and kept in a freezer until the analyses.
by the ship emissions. However, the HV samples were later The SDI flow rate was 11 LPM. Polycarbonate films (Nu-
analyzed for other chemical species as well. One HV sam<clepore, poreless, 10m thick) were used as particle im-
ple was contaminated and it was not used for the statisticpaction substrates. The films were coated with Apiezon L
of species that could be emitted by the ship, such as sulfatajacuum grease to reduce the bounce-off of particles. The
organic and elemental carbon. sampling time of the SDI was changed during the cruise.

The SDI and the VI had a common inlet both on the ship When the ship was in the more polluted part of the cruise
and at Aboa. On the ship the particle diameter for 50% trans-a 24 h sampling time was considered sufficient for collecting
mission efficiency Dsg) was approximately 1Am. The size  samples above the detection limit on all stages. In the cleaner
distribution analyses (Virkkula et al., 2006) suggest that dur-areas the sampling time was doubled to get enough sample
ing strong winds the cutoff was probably lower, approxi- material on all stages. Thesg values of the SDI stages are
mately 7-8&m. At Aboa an inlet with aDsp>20um was  0.045, 0.086, 0.15, 0.23, 0.34, 0.59, 0.80, 1.06, 1.66, 2.68,
used. The HV had a separate inlet that was used both on th4.08, and 8..xm. The upper range of the highest stage is
ship and at Aboa. The HV inlet and sample line transmissiondetermined by the inlet. After sampling the samples were
efficiency was estimated using the equations given by Brock-stored in clean vials and kept in a freezer until the analyses.
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Ac For  MSA  Pyr Cl Br NO3 Glu Suc Mal S04 Ox Na  NH4 K Mg Ca
High Volume sampler

Cruise ave 88 249 000 000 558 0.00 091 0.00 000 000 340 0.00 199 31 0.00 005 10.0
std 23 0.67 000 000 494 0.00 0.87 0.00 000 000 16.1 0.00 16 11 000 012 41

Aboa ave 79 267 000 000 791 0.00 239 0.00 000 000 9.2 0.00 19.2 32 0.00 003 81
std 30 1.05 0.00 000 330 0.00 1.62 0.00 0.00 0.00 8.6 0.00 13 15 000 014 34

Virtual impactor

Cruise ave 243 124 023 000 358 0.00 535 0.00 0.00 000 134 0.03 472 0.09 032 021 3.04
std 286 154 042 0.00 148 000 258 0.00 0.00 0.00 0.77 0.06 138 0.10 0.28 0.30 288

Aboa ave 0.00 0.00 0.00 0.00 232 0.00 315 0.00 0.00 000 173 0.06 356 0.00 0.32 0.00 0.78
std 0.00 0.00 0.00 0.00 0.55 0.00 1.06 0.00 0.00 0.00 0.43 0.08 0.15 0.00 0.10 0.00 0.19

SDI

Cruise ave 197 250 1.00 0.00 1.14 0.00 0.08 0.00 0.00 0.00 0.90 0.00 8.72 037 0.07 0.32 0.69
std 127 149 122 000 088 0.00 0.26 0.00 0.00 0.00 0.77 0.00 386 0.28 0.29 054 081

Aboa ave 0.00 0.00 046 000 055 0.00 0.00 0.00 0.00 0.00 0.00 0.00 549 0.27 0.00 0.16 0.00
std 0.00 0.00 0.11 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 _0.05_0.00 0.06 0.00

HV filters, EC/OC blanks, ng m*

EC _OC1 OC2 0OC3 0Oc4

Cruise ave 19 248 15 66 14
std 5.8 89 49 35 13
Aboa ave 00 225 0.0 52 22
std 3.6 64 27 10 9

Table 1. Average and standard deviation of concentrations (fg)nn the blank filters, calculated using average volume drawn through
each sampling system in 24 h.

The HV flow rate was 120 A1, the sampling time was  sulphonic acid. The analyzed ions were™NaNH, K+,

24 h, and the air was sampled on quartz fibre filters (Munk-mg2+, C&t, CI-, NO3, 50421—, MSA~ (CH3SGy), oxalate,

tell MK 360, diameter 240 mm). The main purpose of the HV acetate, succinate, formate, and malonate. Sea salt con-
samples was to be analyzed fdPPb. However, the quartz centrations were calculated as Sea salt = €11.47ZNa*

filters were pre-heated at 680 before the campaign in or- where 1.47 is the mass ratio of (Na K+ + Mg?™ + C&*
der to make analyses for elemental and organic carbon pos 50‘21— + HCO3) to Na' in sea water (Bates et al.,2001;
sible. The HV filters were kept in clean zip-lock bags before Quinn et al., 2001). The non-sea-salt concentrations of

and after sampling. After the sampling the filters were deeppotassium, magnesium, calcium, and sulfate were calculated
frozen. The zip-lock bags were made of plastic that may af-from nss k= K* 0.038 Nat, nss Mg"=Mg?*- 0.12Na™,

fect the organic carbon analyses. However, this was takemss C&+=C&+ 0.038Na* and nss Sﬁy: 3031_ 0.25Nat.

into account by subtracting the average blank concentratiosodium was thus used as the sea-salt tracer. Other possible
from the analyzed organic carbon in the actual samples.  tracers would be Cl or MgZ*. In atmospheric aerosols chlo-
Field blank samples were obtained by loading clean filtersride is usually depleted due to reactions of sea salt with some
in the samplers, keeping them there for 5min and packingacidic compound, such as sulfuric or nitric acid. Therefore
them exactly like the actual samples. This procedure wasghloride is not a suitable tracer. Magnesium would be a good
done both onboard Akademik Fedorov and at Aboa. Ther&racer over the ocean but since its concentration in sea salt is
were 28, 9, 5 field blanks for the SDI, VI and HV during about 12% of the sodium concentration, its absolute concen-
the cruise, respectively, and 9, 9, and 4 at Aboa, respectivelytration is low especially in Antarctic aerosols and relative an-
For the HV samples the concentrations were analyzed fromylytical precision would result in higher uncertainties of non-
3 pieces from each filter sample, as will be explained below,;seasalt concentrations. In the Antarctica the use of sodium as
so the HV blank averages were calculated from 15 analysethe sea-salt tracer has one disadvantage, though. On the sur-
from the cruise, and the Antarctic average blanks were calface of sea ice frost flowers are formed and at temperatures
culated from 12 analyses. below -8 C sodium sulfate in the frost flowers begins to pre-
cipitate out (e.g., Rankin et al., 2002). Wind blowing over
the ice may then generate aerosols in which sodium sulfate

- . is depleted compared with sea water. Using sodium as the
All samples were analyzed for major inorganic and some or-

ganic ions using two Dionex-500 ion chromatography Sys_sea-salt tracer may then result in negative nss sulfate concen-

tems. Anions were analyzed using an AG11 guard columntratIons (e.g., Wagenbach et al., 1998). However, our sam-

and an AS11 analytical column with chemical suppression.plefc' were taken in Antarctic summer and. temperature; were
The eluent for anion analysis was 0.4-30 mM NaOH Solu_malnly above—8°C. Further, the mechanism is most likely

. ; . to take place only in the presence of sea ice surfaces (e.g.,
tion. Cations were analysed using a CG12A guard COlumnMinikin et al., 1998). Therefore this effect is assumed to be

and a CS12A analytical column with electrochemical sup- . e . .
pression. The eluent for cation analysis was 25 mM methane[]egllgble in this work. The radioactive noble gas radon-222

2.2 Chemical analyses

www.atmos-chem-phys.net/6/3407/2006/ Atmos. Chem. Phys., 6, 34012006
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bon and 1.2 for water-insoluble organic carbon. Using FTIR
spectroscopy Russell (2003) obtained a mean conversion fac-
tor just below 1.4 by analyzing samples taken in northeast-
ern Asia and the Caribbean. In this work 1.4 has been used.
POM1, POM2, POM3, POM4, and POM2-4 are the POMs
N that correspond to OC1, OC2, OC3, OC4, and OC2-4. The

20N 114

. field blank filters were analyzed for the same species as the
1\ samples. The blank atmospheric concentrations presented

°+

t blank filter concentrations by the volume drawn through the
))/’ sampler in 24 h with the flowrates, 12&nt, 16.7 LPM, and
- N e 11LPM, respectively. For the marine samples the average

ao°sF 1 cruise field blank concentrations and for the Antarctic sam-
ples the average Aboa blank concentrations were subtracted
> from the analyzed concentrations.

e T

Latitude

< N in Table 1 were calculated by dividing the HV, VI and SDI

JI Chemical mass apportionment was calculated for the
HV samples because only they were analyzed both for
‘ ‘ ‘ ‘ the ionic compounds and OC and EC. The chemical mass
o e E concentration was calculated by summing the concentra-
ongitude i B
tions of nss—S(ﬁT, NH;, nss-K", nss-Mdg+, NO;, sea
Fig. 1. Ship route, source region limits, and 5-day backtrajectoriessalt, crustal mass, the analyzed organic ions, EC and
arriving at 500 m above sea level. POM. Only POM2-4 is used for the mass apportionment.
The concentration of crustal mass was calculated from
nss-C3" x (L+ZRFSY~27.46xnss-C4", where R St
(%%?Rn) emanating from the Earth’s crust is often used as aXi/Ca is the ratio of concentration of elementt§ Ca con-
tracer for continental air (e.g., Samuelsson et al., 1986, angentration in the average crustal composition presented by
references therein). Lead-2183Pb) is formed in the atmo- Mason (1966).
sphere fronf22Rn and thus als&'%Pb can be used as a tracer
for continental air masses. The exposed HV filters together
with field blanks were assayed f8t%Pb with an automatic 2.3 Other instruments
alpha/beta analyser (Mattsson et al., 1996). The detection
limit for 21%Pb depends on the counting time and air volume
but is usually about 12Bq m3. Particle number size distributionsD{=3-800nm) were
The HYV filters were first analyzed f3*%b activity con- ~ measured using a Twin-DMPS system, as described in detail
centration. After that 1.5 cfrfilter pieces were cut and an- Dy Koponen et al. (2002, 2003). Black carbon (BC) concen-
alyzed for ions using ion chromatography and for elemen-tration was measured using an Aethalometer (Magee Scien-
tal and organic carbon (EC and OC) using a thermal-opticafific, AE-10). The Aethalometer measured only submicron
analyser (Birch and Cary, 1996). For the analysis of organicaerosol, there was a preimpactor that removed supermicron
carbon the analyzer heats the sample in four consecutive tenparticles. Aerosol optical depth (AOD) was measured during
perature steps that result in organic carbon peaks OC1, OCZ/oud-free conditions using a portable Microtops Il sunpho-
OC3, and OC4. There were no denuders nor a backup filtefometer (Solar Light Co. Inc.).
that could be used to estimate the well-know positive arti-
fact of the OC sampling. It may be assumed that OC1 con-
sists both of aerosols and adsorbed gaseous organics and tia#t  Weather data and backtrajectories
the rest of the OC (OC2-4) is in the aerosol phase (Kirch-
stetter et al., 2001; Putaud et al., 2000). In order to esti-
mate the particulate organic mass (POM), including O andData on wind speed and direction, temperature, pressure, and
H, the OC concentrations obtained from the OC/EC analyzerelative humidity were obtained from the ship’s weather sen-
have to be multiplied by a OC-to-POM conversion factor. sors. At Aboa weather data were obtained from the wind
In the literature several values have been used for this facmast placed on the roof of the laboratory container. To an-
tor. For instance Hegg et al. (1997) and Putaud et al. (1999alyze transport routes of air masses, backtrajectories were
used 1.7 and Turpin and Lim (2001) estimated that the valuecalculated using the NOAA HYSPLIT4 trajectory model
is 1.6 for urban and 2.1 for nonurban aerosols. Cavalli et(Draxler and Hess, 1997, 1998). The meteorological input
al. (2004) used the factor 1.8 for water-soluble organic car-data were from the NOAA FNL archives.

80°s
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MAJOR INORGANIC SPECIES

Dp <1pum Dp>1pm Dp<1pum Dp>1pum
region ave + std ave + std ave + std ave * std
SEA SALT NSS SULFATE

1 275+ 128 5366 + 1068 1081 + 259 60 + 106
2 733 + 1405 5585 + 1292 1233 + 310 226 + 288
3 355 £ 106 4623 = 41 575 £ 256 6+ 39
4 1131 + 288 4681 * 329 151+ 4 5+ 4

6 30 + 16 53 + 29 236 + 45 18+ 6

NITRATE AMMONIUM

1 53+ 15 1316 + 219 420 + 163 43+ 21
2 19 £ 17 953 + 168 412 + 139 27 £ 31
3 15+ 1 213 + 119 63 + 39 6.8 £6.4
4 6+ 10 14+ 4 18+ 2 14 +1
6 1.9+ 0.8 7.0+ 2 28 + 14 12+1

ORGANIC ANIONS

Dp<1pm Dp>1pm Dp<1pm Dp>1pm Dp<lum Dp>1pm
region ave + std ave + std ave + std ave + std ave +std ave +std
METHANESULFONATE OXALATE ACETATE
1 7.3 4.0 22 + 14 16 + 8 59+ 48 26+ 10
2 88+ 44 28+ 32 32+ 22 42 + 26 23+ 23 31% 32
3 33+ 6 20 + 10 31+ 1.7 74+ 51 47+ 12 15%5
4 27+ 1 14+ 3 0.8+ 0.2 1.0+ 04 71+ 15 11+15
6 31+ 21 7+5 0.0+ 0.0 21+ 51 - -
SUCCINATE MALONATE FORMATE
1 16+ 17 13+ 23 24+ 26 95+ 6.3 109+ 6.7 18% 7
2 1.7+ 19 56+ 4.7 44+ 37 146+ 10.1 26+ 34 22+ 22
3 - 0.8 +0.7 17+ 24 41+ 29 13+ 07 135
4 - - - 11+07 12+ 7

Table 2. Average concentrations of ionic species in submicron and supermicron particles analyzed from the impactor samples in each region.
Unit: ng m3.

3 Results and discussion 57.52) was between Cape Town and the Antarctic pack ice.
Region 5 represented pack ice (<6&at>—70.10), even
3.1 Overview of the expedition though it consisted only of one sample and thus no statistical

_ _ _ _ conclusions can be drawn. The samples taken at Aboa were
The cruise route and associated 5-day backtrajectories wergassified to region 6.

presented by Koponen et al. (2003), Niemi et al. (2005), and

Virkkula et al. (2006). The cruise started from Bremerhaven,3.2 Concentrations and comparisons with other published

Germany, but air sampling was started in the English Chan- data

nel on 8 November 1999. On 25 November the ship arrived at

Cape Town from where the cruise continued on 1 DecembeB.2.1 lons

and arrived at the Antarctic coast on 8 December 1999. The

instruments were packed and transported to Aboa, where th&he concentrations of selected ions analyzed from the fil-

laboratory was set up and the measurements were continuadr and impactor samples are plotted in Fig. 2. For the SDI

with the same set of instruments from 6 to 20 January 2000.the sum of concentrations on each impactor stage and for
The cruise was divided into five regions according to thethe VI the sum of fine and coarse filters are shown. For

location of the ship and back-trajectories calculated using thehe SDI also the sum of concentrations on stages 1-9, i.e.,

NOAA HYSPLIT4 model (Draxler and Hess, 1997, 1998) of particles with D,<2.7um are presented for the com-

and the meteorological input data from the NOAA FNL parison with the HV samples. The concentrations of some

archives (Fig. 1). Region 1 (LaR4.55) was influenced by species are compared with other published data. lon, elemen-

European air and region 2 (24%55Lat>3.82, with values  tal and organic carbon concentrations were measured during

<0 indicating latitudes in the southern hemisphere) was in-an oceanographic cruise, Aerosols99, from the US to Cape

fluenced by Saharan dust and biomass burning (Niemi et al.Town in January—February 1999 (Bates et al., 2001; Quinn et

2005). In region 3 (-3.82-Lat>—31.02) the backtrajec- al., 2001). The sub and supermicron data presented by Quinn

tories came from central and southern Africa and from theet al. (2001) were summed for total concentration and plot-

middle of the Atlantic Ocean. Region 4 (—385d.at>— ted as continuous lines in Fig. 2. The latitudes for these data

www.atmos-chem-phys.net/6/3407/2006/ Atmos. Chem. Phys., 6, 34012006
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Fig. 2. Selected ion an@1%b activity concentrations from north to south during the campaign. The southernmost samples were taken at the
Antarctic site Aboa. For the HV the concentrations are for particles Wjgk~3um, for the SDI for particles wittD ,j~10um (SDI 1-12)

and for particles withD, <~2.7um (SDI 1-9), and for the VI for particles with , <~10um. For comparison wintertime average nitrate,
ammonium, and nss-sulfate concentrations in polluted air masses measured at Madeira Island (MDI) and Punta del Hidalgo at Tenerife (PdH)
are presented (Nies, 2002) as well as concentrations measured during Aerosols-99 cruise (Quinn et al., 2001).

are the limits of the meteorological regimes as presented by The concentrations of nitrate, ammonium, and nss sul-
Quinn et al. (2001). The other comparison data are the avfate decreased almost monotonically from north to south
erage wintertime polluted aerosol concentrations measure@Fig. 2). In region 1 nitrate and ammonium concentra-
at Punta del Hidalgo, Tenerife (PdH) and at Madeira Islandtions were close to the average wintertime polluted aerosol
(MDI) as part of the LONGTERM subproject of ACE-2. The concentrations measured at Tenerife (PdH) and at Madeira
LONGTERM data is based on high volume samples taken(MDI) and also comparable with the North American air
using an inlet with a 1@m cutoff diameter from 1995 to mass during Aerosols99. The concentation of nss sulfate
1998 (Nuies, 2002). was lower. There was a peak in nss sulfate and ammonium
The VI and SDI were compared by dividing the sum of the concentrations in region 2 close to the North African coast.
two stages of the VI by the sum of the 12 stages of the SDI.The maximum concentrations of the ions that contribute less
For sea-salt the average ratio was#1002, i.e., in general to the total aerosol mass, namely oxalate, malonate, nss-
the two instruments agreed within about 20%. For ions thatpotassium, and nss-calcium, were also observed in the same
have gaseous precursors in the atmosphere the ratio varigegion, as were also the highé&tPb activity concentrations.
more, in general so that the concentrations were higher in thé small peak of all pollution-related ions was observed in the
VI. Explanations may be that gas-phase precursors reacteshmple that was started when the ship left Cape Town.
with the particles colle_cted on the filter or that evaporation The sea-salt concentrations were in general lower than
from the low-pressure impactor. The agreement_betwgen Fhauring Aerosols99 (Quinn et al., 2001) and we never ob-
HV and the SDI was best for compounds that exist mainly iNgarved concentrations 9500 ng 3 although wind speed

small particles, such as nss sulfate. Ammonium exists mainlyoccasionally exceeded 15 misand whitecaps were present

in the small particles and therefore it is not quite clear why During high wind speeds on the ocean there are always sig-
the concentrations in the HV samples were clearly lower than.si.ant amounts of sea-salt particles with diametd0.:m

in the other two samplers. (e.g., O'Dowd et al., 1997). These were not sampled due to
the inlet cutoff.
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Fig. 3. Black, elemental and organic carbon concentrations and their fractions of the total carbon mass. BC is measured using the Aethalome-
ter, EC and OC from the HV filters using the OC/EC analyzer. To present the sensitivity of POM to POM-to-OC ratio POM concentrations
were calculated twice: multiplying the OC concentrations from the OC/EC analyzer by the factor 1.4 and 2.1. OC1-4 is the sum of all organic
carbon, OCL1 is the carbon that is released during the first heating step and OC2-4 is the sum of carbon released during the heating steps
to 4 of the OC/EC analyzer. The OC and EC error bars are calculated from the standard deviation of the concentrations in each piece of the
HV filter plus the standard deviation of the blanks, and the BC error bars are the standard deviations of the measurements during each filter
sampling period. Comparison data: clean air BC and total carbon concentrations at Mace Head (MH) (Cavalli et al., 2004); wintertime BC
concentrations in polluted air masses measured at Madeira (MDI) and Punta del Hidalgo at Tenerife (Fd) 2802); EC and POM
concentrations measured during Aerosols99 cruise (AER99) (Quinn et al., 2001); POM concentrations measured at Punta del Hidalgo during
flows from the Arctic (PdH, Arctic) and during pollution outbreaks (PdH, poll.) See text for details.

3.2.2 Organic and elemental carbon Organic carbon concentrations are compared with three

different measurement campaigns. Quinn et al. (2001)
There was a clear north-south gradient in organic and elepresented submicron and supermicron POM concentrations
mental carbon concentrations (Fig. 3). In region 1 The ECanalysed from samples taken during the Aerosols99 cruise.
concentrations were comparable with the average wintertim&he samples were taken using a Berner impactor with Al
polluted aerosol BC concentrations measured at PdH anébils as sampling substrates and analyzed for OC by a ther-
MDI, 199 and 122 ng m®, respectively (Niies, 2002). The mographic method. The use of an impactor minimizes the
EC concentrations measured in the polluted North Amer-positive artifact that is a problem in sampling on quartz fil-
ican air masses during Aerosols99 were below detectiorters. On the other hand, in impactors there may be losses
limit 10 ng m~3 (Quinn et al., 2001), so this is a clear dif- due to low pressures. For the organic aerosol mass conver-
ference between the polluted air masses coming from Eusion factor Quinn et al. (2001) used 1.6 for North Ameri-
rope and North America. During our cruise EC concentra-can air masses and 2.1 for other air mass regions. We have
tion decreased to below 10 ngthonly south of 20S. The  used the factor 1.4 for all samples, as discussed above, but
aethalometer data (BC) were averaged over the HV samfor the comparison in Fig. 3 we have also calculated POM
pling periods for comparison with the EC. The BC con- with the factor 2.1. The POM concentrations observed dur-
centrations were higher than the EC concentrations, lining Aerosols99 were close to those observed in the present
ear regression for the samples with EQ ngnT? yields  work when only POM2-4 is taken into account (Fig. 3). This
BC=1.25<EC+29ng3, R?=0.89. The difference may to a supports the assumption that the first peak of the evolved
large extend be attributed to the mass absorption efficiencgas analysis thermogram represents adsorbed gaseous organ-
of 14 n? g~ that was used in the instrument but also to otherics. The other comparison campaign is ACE-2. Submi-
effects, for instance the response of filter-based absorptiorron aerosol samples taken on quartz filters at Punta del Hi-
methods to scattering aerosols (e.g., Bond et al., 1999). Anealgo, Tenerife, in summer 1997 were analyzed for OC by
other important effect is that the Saharan dust particles alsevolved gas analysis (EGA) (Putaud et al., 2000). The EGA
absorb light and the aethalometer interprets this as BC.
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released 4 separate OC peaks as did our method. Putaud @ting SEM/EDX method. South of latitude 8 the contribu-
al. (2000) also assumed that OC1 is due to adsorbed gasion of sea salt was-50%, with the exception of the sample
phase organics but calculated POM using the factor 1.7. Irstarted in the Cape Town harbor. In the open ocean south of
our cruise in regions 1 and 2 the average concentrations o€ape Town the HV samples the mass fraction of sea salt was
POM (i.e., POM2-4=1.4 OC2-4) were 814 and 723 ngTh, >80%. Over the pack-ice the contribution of the other ions
respectively. These numbers are is in good agreement witlgrew again and at the Antarctic site it was higher than that of
the average POM concentrations, 6700 ng nT3, observed  sea-salt. The reason for that is that Aboa is far from the open
during ACE-2 at Tenerife during pollution outbreaks from ocean and large sea salt particles do not reach it very easily.
Europe (Putaud et al., 2000). POM mass fraction was significant in most areas. Only in
The third comparison campaign for POM data is that con-one sample in region 4 its mass fraction wak%, and even
ducted at Mace Head (MH) in 2002 (O’'Dowd et al., 2004; in the Antarctic samples it was14%. EC mass fraction
Cavalli et al.,, 2004). Samples were taken with two cas-varied between 1 and 4% in regions 1 to 3. In the samples
cade impactors and analyzed for water-soluble organic carfrom other regions EC concentrations were below the detec-
bon (WSOC) and water-insoluble organic carbon (WIOC). tion limit so no mass fraction could be calculated.
Cavalli et al. (2004) used the OC-to-POM conversion fac-
tor 1.8 for WSOC and 1.2 for WIOC and presented the av-3.4 Saharan dust and biomass burning
erage concentrations of WSOC and WIOC for submicron
and supermicron size ranges. The sum of the averages dduring the cruise nss calcium and nss magnesium were ob-
both size ranges was 1343 ngin all data and approxi- Served only in region 2. They are indicators of Saharan
mately 68% of all OC was in submicron particles. O’'Dowd dust. The maximum nss calcium and nss magnesium con-
et al. (2004) split the data into the period with low biologi- centrations were observed simultaneously with the maxi-
cal activity (LBA) and high biological activity (HBA). The mum AOD, ~0.31. Nss potassium is also a component
OC concentrations had a very large seasonal variation: iff soil dust but it is a also released in biomass burning.
the LBA period, winter, the average total organic carbonWhen the maximum nss potassium concentration was mea-
concentration was 70 ngTa in accumulation mode parti- sured, AOD was slightly lower, 0.27. The excess-potassium-
cles (0.12xm<Dp<0.5.m) and 619 ng m3 in the HBA to-soot ratio is an indicator of the relative contribution of
period. During our cruise the samples from North Atlantic biomass and fossil-fuel burning to soot carbon aerosols, so
were taken in autumn so the marine biogenic contributionthat ratios larger than about 0.2 can be attributed to biomass
to aerosol was probably low. These samples were takempurning (Andreae, 1983). Excess potassium is the potas-
from air that came from the continents so the organic parsium that is left after subtracting the crustal contribution,
ticles were due to pollution. In region 4, south of Africa, the i.e., exc K-=nss Kr—crustal K"= K*—(K*/Na")seasalNa™
average POM2-4 was 1254 ngnt3. This is much closer - (K*/C&*)crusianssCa". The above formula is based on
to the average concentration 70 ng:ﬁ'in the accumulation the assumptions that all sodium is from seasalt and that all
mode measured at Mace Head during the period of LBA tharnss calcium is crustal. In samples taken in region 2 there
to the 619 ng m3 measured during the period of HBA in may be sodium also in the Saharan dust particles, so the first
North Atlantic (O’'Dowd et al., 2004). Our cruise south of assumption may lead to underestimation of nss potassium in
Africa took place in early December which is spring in the the clearest Saharan dust samples. Nss calcium may also
Southern Ocean. The difference may be due to differencesriginate from a biological source, skeletal material from
in the biological activity in the oceans at symmetric times coccolithophore phytoplankton (Artaxo et al., 1992). How-
of the year. On the other hand, our POM2-4 concentration€Ver, during our cruise nss calcium was observed only in the
in region 4 were close to the average POM concentration$amples that contained other crustal tracers such as alumi-
110+170ng m3 observed at Tenerife during ACE-2 in air nosilicates (Niemi et al., 2005) so the biological contribution
masses classified as Arctic (Putaud et al. 2000). The ACE-20 nss calcium may be assumed negligble.
measurements were conducted in summer so there is a clear In our samples the average of excess-potassium-to-EC ra-
difference in the concentrations measured at MH and PdH ago was 0.06, 0.27, and 0.10 in regions 1, 2, and 3, respec-

well. tively, and zero within the detection limits in the other re-
gions. The highest ratio 0.94 was observed in the sample
3.3 Chemical mass apportionment of HV samples started at Cape Town harbor (Fig. 5). In region 2 the high-

est ratio 0.53 was in the sample that also had the highest EC
The non-sea-salt, non-crustal ions dominated the aerosaloncentration (256 ng i), so this sample may be assumed
chemical mass in region 1 and close to the equator (Fig. 4)to be from biomass burning. This sample also had the max-
In the dust plume the crustal mass contributed the most tamum 2%Pb activity concentration 798Bqm~3. The plot
the aerosol. This is in agreement with the observations obf excess-potassium-to-soot ratio ¥8%Pb activity concen-
Niemi et al. (2005), who analyzed the elemental composi-tration in regions 1-3 (Fig. 5) suggests that #A%b activ-
tion of individual supermicron particles in the same samplesity concentration is a good tracer of biomass burning in the
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Fig. 4. Contributions of major components to their sum in the HV samplgs<{3xm). Non-sea-salt, noncrustal ions = nss%SG NHjlr +
NOg + nssncrk-+ MSA ™+ other organic anions; EC: elemental carbon, POM2-4: organic carbon released from the sample in the EC/OC
analyzer temperature steps 2, 3, and 4, multiplied by the factor 1.4. Crustal mass xBE#63™.

African coast. An exception is the sample started at Cape
Town harbor where the ratio was high even though?#i¥eb 10 - O Region 1
activity concentration was low. A probable explanation is ) + B Region 2
that in the urban area biomass is burned under control in 08 - o Region 3
stoves, for instance, which does not lead to significant con- j]
vection of soil-related particles and gases such as radon an~ 0gp - + Cape Town
subsequenth#1%Pb, which takes place when biomass burn- ¢ ~° o B
ing is a forest fire. Another mechanism for incread&#b C 04 - | B
activity concentrations in forest fires is that soil and dust par- é )
ticles deposited on plants get mobilized during forest fires as 02 - [ |
suggested by Nho et al. (1996). )

The best tracer for soil dustin our data is nss calcium. The 0.0 @F ‘ ‘ ‘
high correlation of nss potassium wiHPb and the low cor- )
relation of nss calcium witk%b (Fig. 6) suggests that in 0 200 400 600 800

our samples the resuspension of soil dust was much less im 210 . -3
portant to?1%Pb emissions than biomass burning. Biomass Pb activity, uBqm
burning aerosols also contain sulfate, organic and elemen'-:i 5. Excess-potassium-to-soot ratio #3%Pb activity concentra-

tal carbon, and other organic species (e.g., Gaudichet et alfi’o% ir{ regions 2—3 and in the sample sta}ted at Cage Town harbor.
1995; Andreae et al., 1998). This is in agreement with our '
samples. The aerosol constituents that correlate best with

210pp in regions 2 and 3 were nss potassium, EC, POM, ox-

alate, succinate and formate (Fig. 6).

Figure 6 also shows that in most samples the ratio of(Fig. 7). There the average standard deviation of the ra-
the concentration of the analyzed specie$f%b activity ~ tio was 1.1#0.5. Biomass burning is not the only source
concentration is higher in region 1 than in regions 2 andof oxalate but it is clearly the dominating one. In biomass
3. For instance, for oxalate the linear regression yieldsburning aerosols concentrations may be in the order of sev-
0x=0.22<?10Pp+10 ng m3 for the samples in region 1 and eral ugm 2 (e.g., Reid et al, 1998) whereas in clean ma-
0x=0.12<210Pb+8.1 ngm? for the samples in regions 2 rine aerosols concentrations are some ngém It is not
and 3. Oxalate and nss potassium are both good tracerdear whether they oxalate is emitted directly or produced
of biomass burning. However, the ratio of nss potassiumphotochemically in the atmosphere from gaseous precursors
to oxalate varies so that it was clearly lower, 81, in (Neudip et al., 2002). The analyses of Falkovich et al. (2005)
the air masses from Europe than in region 2 where thesuggested that the dominating source of oxalate is vegetation
clearest African biomass burning aerosols were observedombustion and not secondary photochemical processes.
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Fig. 6. Major inorganic and selected inorganic ion concentrations, EC, and POM concentratiéh8RIsactivity concentration in regions
1-3 and in the sample started at the Cape Town harbor. The linear regressions were calculated for data in regions 2—3, for oxalate also fol
region 1.

- to show the marine background concentration level. The
o5 [JRegion 1 mechanisms that lead to decreasing concentrations of these
: | Reglon 2 aerosols are dilution with cleaner air, wet and dry deposition,
x 20 - < Region 3 and chemical reactions. Assuming that there is also a marine
@) . + Cape Town [ | source §) of aerosols a simple mass balance equation for the
&=~ 154 time evolution of the concentrations can be written following
(Ve . H E m Van Dingenen et al. (2000):
s 1.0 - T dc
c ) —=5-C Q)
& dt
0.5 where) is a loss term that includes the different loss mech-
0.0 - %ﬁj ‘ ‘ ‘ anisms. If the rate constahtrepresents the average over the

aerosol lifetime the solution becomes

0 ,,200 400 600 800 (i, (1 o) o
21%pp activity, uBq m™ =0 e
whereCy is the concentration at the contingfy,=A/S is
Fig. 7. Nss potassium to oxalate ratio v&1%Pb activity concen-  the background marine concentration of the species asd
tration in regions 1-3 and in the sample started at the Cape Towithe time since the air parcel left the continent. Now, since we
harbor. do not have information on the transport timeve assume
that it can be calculated from=x /v,, wherex is the distance
from the coast angy the wind speed. It follows that
3.5 Dilution of continental aerosols over the ocean
C(x) = Coe™ + Chg (1 - e_kx) )
Many of the measured ions, EC, POM, &18Pb have their _ _
principal or only sources in continental areas. Their concen- WNerek=i/v,,. Ifwe assume that there is no marine source
trations obviously decreased with increasing distance fronfO" 2€rosols, the concentrations decrease according to
the continent (Fig. 8). The distance of the ship from the coastc(x) = Cpe ()
was calculated for the ship’s locations every 6 h and averaged '
over each sampling period. In Fig. 8 also average concentra- Between latitudes P3N and 13 S the concentrations of
tions between Africa and Antarctica (region 4) are presentecEC, 21%Pb, POM1, POM2-4, nss K nss C&*, nss SG,
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than the simple decreasing function, yielding the function
C(SDI,mass)(x)=99.éxp(0.0097) + 8.8(1-exp(-0.0097)

in ugm-2.

The explanation is clear, the main source of

aerosol mass concentration in the clean marine areas is sea

salt. For the organics the functio8) {yielded C(POM1) (x) =

1946exp(-0.0009¢)+ 636 (1-exp(-0.000%)) and C(POM2-

4)(x) = 1952exp(-0.0025¢) + 184 (1-exp(-0.0025)) both

in ngnm 3. Both results are in agreement with the marine

source of organic aerosols.
All deposition mechanisms are size-dependent so the anal-

Fig. 8. Concentrations of selected aerosol components as a funcySis was also conducted for the impactor stages. The de-
tion of distance from the African coast. The open symbols and thecrease of aerosol mass, nss calcium, sodium, nitrate, and
error bars are the average concentratitinstandard deviations in  nss sulfate was analyzed by fitting the data to the function
region 4, between Africa and Antarctica. For EC, nss, kind nss C(Dp)(x) = Co(Dp) exp(-k(Dp)x. The size-dependent fac-
Cat the concentrations in region 4 were below detection limits tork(D,) from the fitting shows that the rate of decrease was
S0 no symbols are given. The black lines, the equations, and th?lighest for nss calcium (Fig. 9). The decrease of sodium was
R? values are the results of the fittings of the data to the functionminimal only in the highest stage there was a clear decrease
C(X)z.coex'o('kx) and the red lines the fittings of the data to the which Sl,Jggests that most sodium was from sea salt. Nss suI—’
ZU\TV(::ZnnEt(ﬁ)s;%?gf t(r;léxzi:t%é’g'em('kx))' The data from region fate 'decreased in. the supermicron stages but not as fast as nss
calcium, suggesting that sulfate was also formed by conden-
sation on supermicron soild dust particles during the trans-
) ] ) ) port of air masses from the continent. The decrease of ni-
and oxalate all did decrease exponentially with the distancgy4te was clearly slower than that of nss sulfate even though
from the African coast (Fig. 8). Using the HV samples pjiate was only present in supermicron particles. This sug-
(Dp<3pm) their effective half-value distances;b=In(2)/k  gaqis that nitrate was predominantly formed over sea-salt par-
(k from the exponential fits in Fig. 8), were 365km, 693km, jicjes rather than over soil dust particles. In the submicron

1575 !<m, 578 km,_ 2_24 km, 99km, 950km, and 578km, re- g, ¢ ranges the concentrations of the analyzed species did not
spectively. The fitting was also calculated for the sum Ofdecrease significantly.

mass concentrations on the SDI stages £€10xm) and for

the volume concentration calculated from the number size3 g
distributions measured with the DMP® {<0.8um). The

SDI mass concentration was calculated by summing the con-
centrations of nss—SiD, NH;{, nss-K', nss-Mdg+, NO3, A qualitative estimate of the acidity of aerosols can be
sea salt, crustal mass, and the analyzed organic ions. Thgiven by calculating the measured cation-to-anion ratio in
exponential decrease did not work so well for the mass con€harge equivalents and assuming that the cation deficiency
centration sum of the SDI samples. It is obvious in Fig. 8is due to H ions that cannot be analyzed using ion chro-
that the mass concentrations decreased rapidly to a level ahatography. Kerminen et al. (2001) observed that the mea-
~9ugm~3. Therefore the data in Fig. 8 were fit to func- sured cation-to-anion ratios vary with particle size and sam-
tion (3) as well. For the SDI stage sum it fits clearly better pling site, so that in urban sampling sites the aerosol was

lonic ratios for assessing the contribution of anthro-
pogenic and natural aerosols
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The ammonium to nss sulfate ratio in charge equivalents
shows clear differences between the more polluted and less
polluted areas (Fig. 10b). In the latter areas the ratio was
clearly below one. This ratio gives a more reliable informa-
tion on the neutralization of submicron aerosol particles than
cation-to-anion ratios. Most of ammonium was in submicron
particles (Table 2) because the supermicron particles were
neutral or alkaline even without ammonium. For ammonia
to react with the particles they have to be acidic.

Another indication of the decrease of anthropogenic in-
fluence is the MSA to nss sulfate ratio, R, that increased
southward (Fig. 10c). The two most important factors con-
tributing to the increase of R are a decrease of anthropogenic
nss-sulfate concentrations and an increase of MSA concen-
trations. The increase of R toward higher latitudes latitudes

Fig. 10. Concentration ratios relevant to assessing the contributioras well as its strong seasonal cycle at high latitudes are well-
of natural and anthropogenic aerosols

known phenomena (e.g., Saltzman et al., 1986; Bates et al.,
1992; Ayers et al., 1996, 1997; Heintzenberg et al., 2000;
Savoie et al.,, 2002). The biogenic R varies from about

107 - 0.05-0.06 in tropical latitudes to valueg).3 in high lati-
< '_ LI tudes (Savoie et al., 2002). Using a box model Kerminen
@ 01 o= et al. (1998) analyzed potential explanations for the increase
,g " of R toward high latitudes during the summer: larger MSA
Z’ 0.01 047 yields from DMS oxidation, larger DMSO yields from DMS
e oxidation followed by the conversion of DMSO to MSA
at high latitudes, or lower ambient,B®, concentrations at
0.001 T . . . . . . .
100 1000 high latitudes leading to less efficient sulfate production in
NOy, ng m® NOs, ng m™ clouds. In our samples taken in the northern hemisphere R

was <0.01, so according to the criterium above the nss sul-

Fig. 11. MSA to nss sulfate ratio and MSA concentration as a func- fate in the northern hemisphere was clearly anthropogenic.

tion of nitrate concentration in HV samples taken over the oceansgyth of 185S R was>0.05. At Aboa R varied between

(closed squares) and at Aboa (open square). The error bars of theg 04 and 0.4.

Aboa data point are the standard deviations. A way of estimating whether the increase of R southwards
is more due to the decrease of anthropogenic sulfate or to
the increase of natural MSA is to compare R with a clear

either neutral or alkaline throughout the size spectrum whileindicator of anthropogenic aerosol. The sources of nitrate
in background areas the accumulation mode particles wergre mainly anthropogenic so it was used for such a purpose.
acidic. When using the full chemical mass size distributionsThere was a clear inverse relationship between R and nitrate
our observations were similar (Virkkula et al., 2006). In re- concentrations (Fig. 11) and also between MSA and nitrate
gions 1 and 2 that are close to the continents with high anconcentrations. The exponent of the fitted power curves was
thropogenic ion concentrations, the aerosol was close to neut.1 for R(ING; ) and —0.47 for MSA(NO3) (Fig. 11) which

tral or alkaline on all impactor stages. In the regions awaymeans that R increased clearly faster than MSA with decreas-

from the polluted areas the accumulation mode was clearlyng nitrate concentrations. This suggests that the increase of

acidic. However, in this work we divided the particles into R can largely be explained by the decrease of anthropogenic
submicron and supermicron ranges. For supermicron parsylfate.

ticles the average cation-to-anion ratio was#100L at sea

excluding the dust and biomass burning region where the

average ratio was 14#0.1, indicative of alkaline particles 4 Summary and conclusions

(Fig. 10a). At Aboa supermicron aerosols were also alka-

line, which is due to the location of the site. Aboa is located The concentrations of all anthropogenic aerosol compounds

on a snow-free nunatak that releases substantial amounts decreased clearly from north to south. An anthropogenic in-

soil dust during windy conditions. For submicron particles fluence was still evident in the middle of the tropical South
the ion ratio varied more (Fig. 10a). In regions 1 and 2 theAtlantic, background values were reached only south of Cape
ratio was 1.60.1 and 1.10.1, respectively, and G4.2 in Town. North of the equator 70—-80% of the particles with
the other marine regions. At Aboa the ratio wasi051. D,<3um consisted of non-sea-salt species, whereas south
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POM-1 POM-2 POM-3 POM-4 POM2-4 EC Pb-210 activity
region ave + std ave * std ave * std ave * std ave = std ave * std ave * std
1 1176 + 96 207 + 51 218 + 28 390 + 182 814 + 248 125 + 99 154 + 58

2 1452 + 218 200 + 89 211 + 57 313+ 169 723+ 312 149+ 77 452 + 202
3 958 + 138 65 + 28 93 + 17 65 + 23 223 + 63 12 + 16 110 + 93
4 492 + 191 32+ 22 47 + 18 44 + 35 123 + 64 4+5 10+ 9
6 299 + 259 29 + 36 41 + 21 48 + 20 118 + 74 2+ 2 16 + 10

Table 3. Average concentrations of particulate organic matter (POM), elemental carbon (ECG%Ridactivity, analyzed from the HV
filters in each region. Units: POM and EC: ngth 210Pb: uBqm—3.

of the equator most of the aerosol mass consisted of sea-sgirobably associated with smaller particles than nss potas-
ions. The contribution of sea salt to the sum of analyzedsium. 21%Pb was only determined using HV samples, so di-
species of D < 3 um particles was-25% in the polluted lat-  rect comparison of their size distributions cannot be done.
itudes,>80% in the ocean south of Cape Towr0% over  For chemical compounds that also have sources in the ocean,
the pack-ice region aneé10% at the Antarctic site Aboa. for instance nss sulfate, the half-value distances were higher
At Aboa the contribution of sea salt was low because of thethan that of1%Pb.
>130 km distance between the station and the open sea. The 1p¢ 4ciity of aerosols was estimated by calculating the
contribution of organic carbon was10% in most samples,
also at Aboa.

The highes1%b activity concentration coincided with
the the highest nss potassium and EC concentrations and n

with the highest nss calcium and thus of Saharan dust. Thi

cation-to-anion ratio in charge equivalents. Supermicron par-
ticles were neutral or alkaline in all regions. For submicron

particles there were larger differences so that in the polluted
Pégions they were neutral and in the less-polluted regions

20Pp i X _ 2cidic. However, when the sum of all submicron stages was
suggests that “Pbis a better tracer for biomass buming than 5|y jated the acidic nature of the submicron particles over

for Saharan dust. The most evident explanation istab the ocean was not as clear as shown in the size distributions
is attached to the surface of particles and therefore the paruby Virkkula et al. (2006). This is due to the high sea-salt con-
cles that have the largest surface area have the higf8%1  cniration in marine areas and because sea-salt particles exist

concentrations. This assumption is supported by the fact thags, jn the submicron range. The analysis showed that when

there exists an instrument, the epiphaniometer, that measureg , on only two size fractions are available the ammonium
the aerosol surface area by measuring the decd¥'Bb at- 1 s sulfate ratio gives a more reliable information on the

tzelul:hed to the surface of particlesd@geler et al., 1989). If o rajization of aerosol particles than the cation-to-anion ra-
Pb successfully attaches to aerosol surfaces then it is g

reasonable assumption tiaPPb will also do so. The size _ _

distributions of nss potassium showed that it was predomi-_ "€ MSA to nss sulfate ratio, R, increased southwards.
nantly in the small particles (Virkkula et al., 2006). Its in- 10 @ssess whether the increase of R was more due to the
tegrated surface area was larger than that of nss calcium. I€crease of anthropogenic sulfate or to the increase of nat-
our data the ratio of the two clear tracers of biomass burning!rél MSA, R was compared with nitrate, a clear indicator of
nss potassium and oxalate, was different in European and ig"thropogenic aerosol. There was a very clear inverse rela-

African samples, suggesting that this ratio could be used alonship between R and nitrate concentration in our samples.
an indicator of biomass burning type. R increased faster than MSA with decreasing anthropogenic

There was a very clear inverse exponential relationship beinfluénce which suggests that the R increase can largely be

tween the continental aerosols and the distance of the shifXPlained by the decrease of anthropogenic sulfate.

from the African continent. The exponential fits yielded

transport distances expressed as half-value distances. The

longest half-value distances were for those components thaicknowledgementsThe project was funded by the Academy

are mainly in the submicron particles and those that havef Finlz_ind (Finnish Antarctic Research Program, “Aeros_ols in
also marine sources. The removal mechanisms are sizéntarctica”, contracts no. 43928 and 53669). The Arctic and
dependent. For instance, for dry and wet deposition rl,_)ughlyé\ntarctlc Research Institute (AARI) of St.Petersburg, Russia, is

in the particle size range0.1,m the removal rate increases gratefully acknowledged for allowing the measurements onboard
L R/V Akademik Fedorov, as well as the crew of the vessel for

with par.tide size. Thisisin agreement' with the _shorte;t half'fruitful cooperation. The excellent logistical support of FINNARP
value distancer~100km, for nss calcium that is mainly a g 5150 gratefully acknowledged.

constituent of soil dust particles. The half-value distance of
210pp was higher than that of nss potassium, even thouglEdited by: N. Mihalopoulos
their correlation was very high, suggesting tR¥Pb was
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