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Abstract. Measurements of the submicron fraction of each air mass type. Sulfate mass size distributions were mea-
the atmospheric aerosol in the marine boundary layersured for these periods showing a distinct difference between
were performed from January to March 2007 (Southernoceanic air masses and those from African outflow. While
Hemisphere summer) onboard the French research vess#ie peak in the mass distribution was roughly at 250 nm (vac-
Marion Dufresnen the Southern Atlantic and Indian Ocean uum aerodynamic diameter) in marine air masses, it was
(2 S-60 S, 70 W60 E). We used an Aerodyne High- shifted to 470nm in African outflow air. Correlations be-
Resolution-Time-of-Flight AMS to characterize the chemi- tween the mass concentrations of sulfate, organics and MSA
cal composition and to measure species-resolved size distrshow a narrow correlation for MSA with sulfate/sulfuric acid
butions of non-refractory aerosol components in the submi-coming from the ocean, but not with continental sulfate.

cron range.

Within the “standard” AMS compounds (ammonium,
chloride, nitrate, sulfate, organics) “sulfate” is the domi- ]
nant species in the marine boundary layer with concentrad Introduction
tions ranging between 50 ngth and 3ugm~3. Further- _ _ S
more, what is seen as “sulfate” by the AMS is likely com- Although atmospheric research has become increasingly im-
prised mostly of sulfuric acid. portant in recent years, many processes taking place_ in the

Another sulfur containing species that is produced in ma-&tmosphere are still barely understod@GC, 2007. This
fine environments is methanesulfonic acid (MSA). TherelS Particularly true for exchange of gases and particles be-
have been previously measurements of MSA using an AerofWeen ocean and atmosphere, an area of study which is
dyne AMS. However, due to the use of an instrument currently receiving _much attentlprM(askhldze a_nd Nenes
equipped with a quadrupole detector with unit mass reso2008. Aerosol particles play an important role in the atmo-
lution it was not possible to physically separate MSA from sphere because of_thelr effects.on the radiation budget and
other contributions to the same/z. In order to identify ~ consequently on climate and climate changellp, 2002,

MSA within the HR-ToF-AMS raw data and to extract mass Which is in particular true for aerosols from marine environ-
concentrations for MSA from the field measurements theMents O'Dowd et al, 2002. Currently, a focus is on their
standard high-resolution MSA fragmentation patterns for theformation and understanding which gaseous compounds par-
measurement conditions during the ship campaign (e.g. valicipate in it (©’Dowd et al, 2002.

porizer temperature) needed to be determined. The major source for marine boundary layer (MBL)

To identify characteristic air masses and their source re2€rosol particles in the super-micron size range is sea
gions backwards trajectories were used and averaged concefPray Warneck 1988, and consequently these particles

trations for AMS standard compounds were calculated forar€ mainly composed of sodium chloride. However, under
certain conditions a significant fraction of the sub-micron

aerosol is of secondary origin, for example organic and in-
Correspondence td5. R. Zorn organic sulfur compounds<érminen et al. 1997, but also
BY (zorns@mpch-mainz.mpg.de) other organic mattexdDowd et al, 2004). The mechanisms
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leading to particle formation and growth from the gas phase Measurements of MSA in aerosols were also reported by
(gas-to-particle conversion) are not yet fully understoodWatts et al(1987, who found mean MSA concentrations of

(O’'Dowd et al, 2002. 89 ng n2 during summer and 11 ngTA in the winter at a

An important group of species which are quite common in coastal site near Plymouth (Great Britain). These values are
atmospheric aerosol particles are sulfur compou@sgal-  within the range of the previously mentioned MSA aerosol
son et al.1987), which participate in particle formatioi(l- concentrations.

mala et al.2002. These particles act as cloud condensation Biirgermeister and Geordil99]) collected filter samples
nuclei (CCN) which are involved in tropospheric cloud for- during two cruises covering the Atlantic Ocean fron? &
mation, but are also important in polar stratospheric cloudso 54 N and on a research platform in the North Sea with
which play a substantial role in stratospheric ozone depletioraveraged MSA concentrations between 4 and 66 ngtimat
(Seinfeld and Pandi2006. As the ocean is a large natural showed a strong seasonal and geographical dependency of
source for atmospheric sulfuBérnes et a).2000, there is  the sampling location. Similar results were found in other
interest in understanding the pathway of aerosol formation ofstudies Li et al., 1993 1996 showing a variation of MSA
these compounds after being emitted from the ocean into thén the aerosol phase between 2 and 200 ng.mMeasure-
MBL. ments at three different stations in the Antarciir{ikin et
Most of the sulfur in aerosol particles is available as sul-al., 1998 also showed strong annual cycles of MSA with
furic acid or, if neutralized, as sulfate. However, in coastalmean concentrations in summer 40 times higher than during
and oceanic environments sulfur is also present in organiavinter.
compounds. One of the most common organic sulfur com- Most of these measurements were performed off-line.
pounds within these environments is dimethylsulfide (DMS), However, during the second PARFORCE (New Particle For-
which is produced by phytoplankton and several types ofmation and Fate in the Coastal Environment) campaign
anaerobe bacteri€harlson et a.1987. DMS accounts for  (Mace Head, IrelandBerresheim et al(2002 used an on-
approximately 75% of the global sulfur cycle, with about 38— line CIMS (chemical ionization mass spectrometry) system
40 Ggyr! of DMS released from the ocean into the atmo- for measuring MSA in the coastal marine boundary layer.
sphere Chasteen and Bentle2004). According to current Another application of on-line measurements in a marine
understanding, after being emitted into the marine bound-environment took place during the 2002 SOLAS SERIES
ary layer, DMS will be oxidized mainly by hydroxyl radi- measurement campaign (July 200Bhinney et al(2006
cals, resulting in a variety of products. Of these productsused a Q-AMS to characterize the marine aerosol during an
dimethylsulfoxide (DMSO), dimethylsulfone (DMS$Q and  iron enrichment experiment in the sub-arctic Northern Pa-
especially methanesulfonic acid (MSA) and sulfuric acid cancific, including measurements of MSA mass concentrations.
be expected to partition into the particle phagen(Glasow Investigation of the marine aerosol formation is one aim
and Crutzen2004). of the OOMPH project (Organics over the Ocean Modifying
Research on DMS oxidation products in the aerosol phasé@articles in both hemispheres, Sixth Framework Programme
has been a major topic even befaharlson et al(198% of the European Union). It is known that certain marine mi-
published the CLAW hypothesis about a possible climatecroorganisms produce not only DMS but also other organic
regulating effect due to the DMS sulfur cycle. One of the compounds that can be released into the atmosphere and par-
first measurements of MSA in maritime aerosols was per-ticipate in aerosol formatiorBerresheim1987 O’'Dowd et
formed bySaltzman et al(1983, who identified and quan- al., 2004 Meskhidze and Neng2006.
tified MSA in filter samples collected in Miami (Florida), at ~ To characterize the aerosol in the remote and mostly pris-
Fanning Island and Midway Island (Pacific Ocean), and offtine marine boundary layer within that project, we operated
the Somalian coast in the Indian Ocean, with concentrationsan Aerodyne High-Resolution Time-of-Flight Aerosol Mass
ranging from 6 ng m® (Somalian Coast, in May 1979) up to Spectrometer (HR-ToF-AMS) during a ship campaign in the
75ngnT3 (Midway Island, May 1981). In later, regionally Southern Atlantic and Indian Ocean.
focused studies in the Pacific Ocean, Saltzman and coauthors Unlike the original Aerodyne AMS (Q-AMS]ayne et aJ.
(Saltzman et a).1985 1986 found average MSA concentra- 2000 that uses a quadrupole mass spectrometer with unit
tions between 10 ngn¥ (Norfolk Island, June to September mass resolution for ion analysis, the AMS used in this ex-
1983) and 170 ng P (Shemya, May to September 1981). periment is equipped with a Time-of-Flight mass spectrom-
Offline measurements of MSA were also performed frometer. Currently there are two versions of the ToF-AMS: the
samples taken in the sub-Antarctic and Antarctic Region attompact Time-of-Flight AMS (c-ToF-AM)rewnick et al,
that time Berresheim 1987 showing mean MSA concen- 2005, with a mass resolution up to 1200Arh, and the
trations of 32 ng m? (0.33 nmol nT3) for the Drake Passage HR-ToF-AMS (DeCarlo et al. 2006, which can be run in
and 18 ng m?3 (0.19 nmol n73) for the Gerlache Strait. “V-mode” with a mass resolution of up to 3000Avh or in
“W-mode” by using a second reflectron, which increases res-
olution to 6000 mAm but decreases sensitivity by approxi-
mately one order of magnitude. The HR-ToF-AMS delivers
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guantitative data on non-refractory aerosol composition and o f——————pm—t— e L
species-resolved aerosol size distributions for the sub-micron,,, | i
particle size range. With its high sensitivity, the HR-ToF-
AMS is well suited for aerosol measurements in clean envi-
ronments, like the remote marine boundary layer. The good**"]
temporal resolution of the data allows removal of measure- . |
ments contaminated by ship exhaust without losing excessive
amounts of information. Because of the expected low con- sos+
centrations within the pristine marine boundary layer, the in-
strument was only operated in V-mode during the campaign.eos-
Besides the study byhinney et al.(2006, mentioned ] ) I
above, several applications of aerosol mass spectrometry for M
the analysis of the marine boundary layer aerosol have beeri*1 / B
reported previously. Gieray et al.(1997 used LAMMS L e e LA S e e
(Laser microprobe mass spectrometry) for the analysis of *"  *%  “% =¥ - wE o OE
individual aerosol particles collected in marine influenced
clouds at Great Dunn Fell (Cumbria, UK). They found not Fig. 1. Itinerary of the OOMPH 2007 Southern Hemisphere cruise.
only cloud droplets nucleated on sea salt particles but als@arge arrows show course of air masses for the selected time peri-
cloud droplets formed on sulfate and methane sulfonate coneds.
taining particles.
During the First Aerosol Characterization Experiment
(ACE 1) in 1995,Murphy et al.(1998 used a laser abla- in the Southern Hemisphere. For the first time, MSA con-
tion aerosol mass spectrometer (PALMS) stationed at Capgentrations are directly determined from the high-resolution
Grimm (Tasmania) for on-line analysis of individual aerosol mass spectra. Furthermore, as the instrument was deployed
particles. Sea salt could be found in 90% of the particle©n @ ship crossing the Southern Atlantic Ocean, our measure-
spectra, although data also showed indications of MSA inments cover a large spatial area of the Southern Hemisphere.
sulfate-dominated particlesTopping et al.(2004 used an
Aerodyne AMS stationed at the Island of Jeju (Korea) for
chemical characterization of the aerosol during the ACE Asia2 Overview over the 2007 OOMPH Southern Hemi-
campaign. While the focus of this campaign was mainly the ~ sphere cruise
outflow from Asia, Topping et al.(2004 measured several
marine influenced air masses that showed a strong variabilThe measurements of MBL aerosol were taken during the
ity and the highest AMS “sulfate” mass loadings during that 2007 OOMPH Southern Hemisphere cruise in thé 2@o
period. 60° S latitude band. The OOMPH project is investigating
Another type of laser ablation aerosol mass spectrometethe organic chemistry of the ocean and the marine boundary
(ATOFMS) was used for on-line characterization of individ- layer with a focus on organic vapors and their influence on
ual aerosol particles during the 2002 North Atlantic Marine particle nucleation processes. The cruise onboard the French
Boundary Layer Experiment (NAMBLEX) at the remote ma- research vesséllarion Dufresnetook place in the Southern
rine site at Mace Head (Ireland), bDall'Osto et al.(2004 Atlantic Ocean and the Indian Ocean in the late Southern
focused their analysis on sea salt, dust and carbonaceous patemisphere summer and early fall from January to March
ticles rather than sulfate. However, during this campaign als®2007 (Fig.1). The campaign was split into two parts, here-
an Aerodyne AMS was used at the same sitecOng et al.  after called leg 1 and leg 2.
(2009. One significant outcome of the NAMBLEX cam- Leg 1 started on the 19 January 2007 in Cape Town (South
paign was the observation that the submicron fraction of theAfrica). The ship crossed the Atlantic Ocean staying be-
measured marine aerosol was dominated by sulfate and otween 38 S and 48S latitude. Upon arrival at the coast of
ganics with little contributions from sea salt and that sea saltSouth America, the course shifted south towards the Strait
dominated the coarse mode. of Magellan. In this area two phytoplankton blooms were
For the 2002 New England air quality study an Aerodyne crossed (31 January 2007-2 February 2007, $4@5 S,
AMS was installed aboard a shiBdtes et a].2005. The fo-  55° W). After passing the Strait of Magellan the ship arrived
cus of these measurements was the chemical characterizati@m 5 February 2007 in Punta Arenas (Chile) ending leg 1.
of the outflow from New England (USA), and not of marine  On the 1 March 2007 the ship left Punta Arenas heading
aerosol components. south for leg 2 (Figd). This time the ship cruised south-
Here we present results from one of the first uses of areastwards near 8@ latitude until 9 March, when it passed
on-line aerosol mass spectrometer for measuring the chemi24° W longitude. From that point on it headed northeast to-
cal aerosol composition of the remote marine boundary layewards Durban (South Africa). After arriving near Durban
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Exhaust Stack

1/2" stainless steel Inlet Line ~ Aerosol Inlet on Mast (PM 1.0 Cyclone)
height: approx. 10 m above foredeck
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Fig. 2. Position and setup of the aerosol inlet and measurement container.

on 18 March 2007, the ship proceeded towards the Mas3 Instrumental setup and data quality assurance for the
carene Islands (Reunion, Mauritius). The campaign ended AMS
on 23 March 2007 near Reunion Island.

The measurements during the 2007 Southern Hemispherghe AMS was located inside an air conditioned container on
campaign included a wide range of parameters. The mosge deck of the ship (Fig. 2). The aerosol was sampled with
common meteorological parameters were taken includingy p, cyclone (URG-2000-30EHB) on top of the aerosol
SOUnding balloons; LIDAR measurements, but also flux meamast at a he|ght of 10 m above the foredeck and approxi-
surements and calculations of air flow dynamics and turbu-mately 20-25 m above the sea surface. A’ Bfainless steel
lences around the ship and the inlets and probe systems wegmpling inlet line with a total length of 15m ran from the
performed. Oceanic monitoring included sampling of sea-aerosol inlet to the container. The inlet flow of the AMS
water several times a day for biological characterization asjuring the campaign was 0.1 Ipm. A critical orifice before a
well as the determination of chemical and physical parameyacuum pump maintained a steady total flow rate of 16.7 lpm
ters, such as sea salinity, surface temperature anddd®  through the inlet line, resulting in an average flow velocity of
centrations. Gas phase measurements included ozone, Olpproximately 4.5 m's! and a retention time of 3.5 s for par-
HO2, RO, and NQ concentrations as well as organic speciesticles within the inlet line. Simple calculations for transport
like DMS, isoprene and halocarbons. Additional air samples|gsses according to Hinds (1998) show that for the particle
were also collected in electropolished stainless steel canistetsize range between 40 nm and 1000 nm, losses are below two
for subsequent VOC analysis at least twice a day. percent. The AMS sample flow was extracted from the inlet

For the particle phase characterization of the MBL, filter |ine using an isokinetic sampling probe immediately before
samples were taken for chemical analysis as well as for morthe AMS inlet and was not dried prior to sampling.

phological characte_rization bY ele(_:tro_n microscopy. Particle To ensure data quality calibrations were performed several
number concentrations and size distributions were measur es during the campaign. A particle-Time-of-Flight cali-

by optical methods. The soluble part of the fine aerosol was, 4iion to convert the particle flight times into particle diam-

measured with a Particle-into—Liquid—SampIer, couplgq 0 angiars was performed once at the beginning of the campaign,
lon Chromatograph (PILS-IC); the chemical composition of ;

; ) " just after the instrument was installed inside the container.
the non-refractory submicron aerosol was determined usin

he Hiah \uti s ¢ Fliah h | 0 determine the instrument background and instrument-
the High-Resolution-Time-of-Flight AMS, whose results are g qjfic harameters, measurements through a high efficiency-
the topic of the current publication.

particulate air filter (HEPA filter) were performed two times
during the campaign (once during each leg). The ionization
efficiency of the ion source was quantified at the beginning
and at the end of each leg, and the sensitivity of the detec-
tor was monitored continuously and calibrated at least once
a week.
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Table 1. ToF-AMS instrument performance during the OOMPH 2007 Southern Hemisphere cruise.

Downtimes Operation times
Calibrations  Instrumental Total Contaminated Clean Total
failures downtime by stack data uptime
Leg 1 09:10h 00:00h 09:10h 19:20h 378:40h 398:00h
19 Jan-5 Feb 2.3% 0.0% 2.3% 4.7% 93.0% 97.7%
Leg 2 4:10h 68:20h 72:30h 119:25h 327:30h  446:55h
1 March—-23 March  0.8% 13.2% 14.0% 23.0% 63.0% 86.0%

To correct for reduced aerosol collection efficiency as a During regular operation the instrument collected aver-
consequence of incomplete transmission of the particles taged high resolution mass spectra, species-resolved size dis-
the vaporizer, as well as for particle bounce from the vapor-tributions and single particle spectra by alternating through
izer before evaporation, the AMS analysis software correctghese three operation modes. The instrument spent 40% of
the measured mass concentrations with the so-called Colledhe time collecting average mass spectra and averaged size
tion Efficiency factor, CEKluffman et al, 2005. This factor  distributions and 20% collecting single particle data. A sam-
can be determined by comparing AMS measurements wittpling period was ten minutes long during the first part of the
those from other instruments, such as a PILS-IC. Under typ-cruise crossing the Atlantic Ocean from East to West. For the
ical continental conditions the AMS collection efficiency is second part of the cruise, the averaging time was decreased
about 50%. Typically this value is rationalized by the suppo-to five minutes to reduce the amount of measurement inter-
sition that approximately 50% of the particles bounce off thevals lost because of short contamination events by the ship’s
vaporizer before they evaporate. For liquid particles, includ-stack emissions, which were much more pronounced during
ing pure ammonium nitrate, DOP (dioctyl phthalate) parti- leg 2 going from West to East.
cles or activated particles under very humid conditions, the The measurements for the first part of the campaign were
collection efficiency increases to almost 1008¢lgn et al, started on 19 January 2007 while the ship was still in the har-
2004 Quinn et al, 2006 Matthew et al.2008. bor. The instrument collected data during the whole time of

For the OOMPH campaign, the time series for ToF-AMS leg 1 without any problems until arrival of the ship in Punta
“sulfate” mass concentrations show a good correlation withArenas on the 5th of February. Measurements for leg 2 were
the preliminary nss-sulfate (non sea salt sulfate) time seriestarted on the 1 March 2007 before leaving the harbor of
measured by the PILS-IC (J. Sciare, personal communicaPunta Arenas. During this leg some instrumental problems
tion, manuscript in preparation), where ss-sulfate (sea salbccurred. As a result of a failure of the vaporizer power sup-
sulfate) has been subtracted from total sulfate. The compariply, the instrument did not run for approximately three days
son of the two measurements shows an agreement for sulfaia the beginning of leg 2.
mass concentrations within 6% without applying a collection The measurements ended on 23 March 2007, when the
efficiency correction for AMS “sulfate”. Marion Dufresnewas heading towards Reunion Island. A

This suggests that the particles were mostly liquid lead-summary of calibrations, downtimes and operation times as
ing to the conclusion that they either had a significant lig- well as stack contamination and clean data for the two legs is
uid surface layer as a consequence of the large RH or theghown in Tablel.
were comprised of a large fraction of sulfuric acid. The lat-
ter assumption is supported by a simple calculation of sulfate
neutralization using the measured ammonium and “sulfate4 Extraction of MSA concentrations from AMS data
mass concentrations. According to these calculations, dur-
ing most pristine periods only a minor fraction (20-50%) of This is the first time that an AMS has been used to mea-
the sulfate can be neutralized by ammonium. Only when airsure remote marine aerosols in the Southern Hemisphere.
masses were continentally influenced or when sulfate conSince the standard AMS data processimglan et al,
centrations were close to the detection limit for ammonium 2004 does not include methanesulfonic acid (MSA), a sub-
was a neutralization in the order of 100 percent possible. ~ stance to be found ubiquitously in aerosol particles from

As a consequence of these findings, no collection effi-marine environments, a procedure had to be developed to
ciency factor was applied to correct for particle bounce forseparate MSA from “sulfate” and “organics” in the AMS
the aerosol concentrations presented in this paper. mass spectra and to quantify this specidzhinney et al.

(2006 developed a procedure to extract MSA concentrations
from unit-resolution Q-AMS data using laboratory standard
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@ w0 "'**’**’**’**’**’**’**’**’ ] To test if MSA could still be seen and separated from other
= - - compounds, a combined solution of MSA and ammonium
| sulfate ((NH;)2SOy) was tested. In order to be able to predict
o+————— the MSA fragmentation pattern in AMS measurements at all

e . vaporizer temperatures standard fragmentation patterns were
) determined for a series of fifteen different vaporizer temper-
_ ') atures ranging from 16C up to 800C. The lowest temper-

| I ——-_'E._.__. __.1__.__.__.. ature was reached by turning vaporizer heating completely

oL . alire___oltir: m_ . T off. The remaining vaporizer temperature of approximately
e 160°C is due to radiative heating by the electron emitting
N - filament of the ToF-AMS ion source. In order to achieve
o good statistics and to account for potential day-to-day varia-
v tions, temperature dependencies were measured three times
1 : _ B on different days with at least four averaging intervals of five
o minutes each.
[ e = b= e = These experiments show that the fragmentation pattern

Relative Abundance

Relative Abundance

o

20 40

: of MSA is heavily dependent on the vaporizer tempera-

] ture (Fig. 3). Comparison with the NIST spectrum for

100 MSA (NIST Mass Spec Data Center, 2005, data not shown)

i I = | demonstrates similar patterns for AMS and reference spec-

T 1 ' ' - ) tra at low vaporizer temperatures (Fig. 3a). The differences

| . that can still be seen between the measured spectrum and the

S NIST spectrum are due to two reasons. The first reason is
— that the vaporizer temperature of the AMS is well above the

““T1r 1 1 T minimum necessary temperature for evaporation of MSA,

I ) I T A R which leads to increased fragmentation of the molecules.
1 | - |J = = :|7,7 ,,,|, : Second, the NIST spectrum starts with higher mass-to-charge
otulll L r Ly ratios while AMS spectra are normally recorded starting

” * with m/z12, which makes it possible to record the methyl-

fragments (m/22-15) and to identify the most prominent

MSA fragment atm/z15.

Relative Abundance

Fig. 3. Fragmentation pattern for MSA at a vaporizer temperature

of 160°C (panela), at 800C (panekb) and at 625C (panek), nor- Generally, higher vaporize_r temperatures Iead_to a shift
malized to the most prominent peak (m/z15). The error bars are thgo smaller mass-to-charge ratios in the fragmentation pattern

standard deviation over 12 measurements. Generally a trend frorh™19- 3b). Especially the peak of the parent iom&£96 and

largerm/zsignals towards smallen/zsignals is observed with in-  the fragmgnts am/z78, 79 and 81 'decrease quite strongly
creasing vaporizer temperature. Panel (c) is the interpolated fraghereas signals at/z14, 48 and 64 increase. The reason for

mentation pattern for the actual vaporizer temperature during thethis is most likely thermal decomposition during the flash-
measurements using the patterns for the individn& shown in  vaporization process or thermally induced enhancement of
Table 2. fragmentation in the electron impact ionization process.
The individual MSA fragments were grouped into 7 sets
that showed similar relative peak intensity dependence of va-
fragmentation patterns and assumptions aboutz€9 sig-  porizer temperature (Table 2). To be able to predict the aver-
nal contributions, while our method provides a more di- age MSA fragmentation pattern at any given temperature, for
rect identification of the MSA-related signal using the high- each of the main fragments a fit for the temperature depen-
resolution information of the HR-ToF-AMS. As a first step dency was calculated using equations that describe the peak
in achieving this aim comprehensive laboratory experimentsntensity dependence sketched in Table 2. Using these fits it
were performed to characterize the fragmentation of MSAis possible to calculate the specific fragmentation pattern for
in the AMS evaporation and ionization process and to deterany vaporizer temperature between 46Gnd 800C. The
mine MSA fragmentation patterns that can be used for fieldvariability for some fragments within the measurements at
data analysis. individual vaporizer temperatures (error bars in Fig. 3) shows
The aerosol was generated by nebulizing a solution ofthat some fragments are influenced by external parameters
MSA (Sigma-Aldrich, purity>=99.5%) in water with an at-  like humidity, ambient temperature and possibly concentra-
omizer (TSI, Model 3076). The aerosol was dried throughtion of MSA of the spray solution.
two silica gel dryers before being introduced into the AMS  The fragmentation pattern characterization shows that
where standard mass spectra of this species were recordeghost fragments of MSA occur at/zvalues where fragments

Atmos. Chem. Phys., 8, 4711-4728, 2008 www.atmos-chem-phys.net/8/4711/2008/
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of sulfate and sulfuric acid .or of other organic species Calraple 2. Patterns for temperature-dependence of the signal of the
also be found. Therefore, in order to extract MSA-related i MsA fragments. (Pictograms: signal intensity versus vapor-

signals, these fragments must be separated from those of thger temperature, ranging from 180 to 800°C).
AMS “sulfate” and “organics”. Due to the small relative un-

certainty of the individual line intensities of the various frag- Associated Transition
ments (Fig3) and the knowledge of the MSA fragmentation ~ Slope of trend m/z temperature
pattern at each vaporizer temperature, it is sufficient to know -
the intensity of one of the major fragments in order to recon-
struct the entire MSA fragmentation pattern. / 50, 62, 66 _
As the most suitable one for such a characteristic frag-
ment the signal ain/z79 (CHSO,*) was identified for two T
reasons. This fragment is not only one of the most promi- S
nent MSA fragments containing a sulfur atom, but also it 12 13 14
can be found at an/zwhere no fragment from the sulfate 48 63,64 450°C
or sulfuric acid fragmentation pattern is present. Unlike the —
Q-AMS used byPhinney et al(2006, which provides only s
mass spectra with unit mass resolution, the HR-ToF-AMS is 30, 32, 33,
in principle capable of collecting mass spectra with mass res- / 34, 44, 45, -
olution up to 6000 mAm, making it possible to separate the 46
MSA fragment atm/z79 (CHSO,™, 78.99) from the other T
major contributors at thim/z bromine (B, m/z78.92) and S
a hydrocarbon organic fragmentdi@; ™, m/z79.06). There- /\ 29 500°C
fore, with this instrument, MSA can be quantified directly 47 55(°C
from the contribution of the MSA fragment t/z79 only, —
without correcting the MSA signals using assumptions about s
the non-MSA components at the samé&
Due to the large differences in the exact masses of the \/ 97 450C
species found ah/z79 they can also be separated at the mass
resolution of mMAm=2500 at which the HR-ToF-AMS was 5 T
operated during the ship measurement campaign. This was
not necessarily possible for the other MSA fragments. \ 96,98 500C
To extract the MSA signal intensity at/z79 a three-step
algorithm was implemented in the raw mass spectra integra- — T
tion of the ToF-AMS Data Analyzer TADAHings et al, S
2007, which was used to process the campaign data. Since 31, 49, 65,
the instrument had been used for experiments on halogens 1 67, 78, 79, 500C
in aerosols before the campaign, which tend to remain in — 80, 81,83

the ionization chamber for a long time, the bromine peak
(m/z78.92) was always present in the background spectra of
the instrument, unlike the MSA peak. Therefore, it was used
to perform a very exact mass calibration by fitting a sim-  With these premises and restrictions, the amplitude of
ple Gaussian distribution at this part of the high resolutioneach of the three Gaussian functions gives the fraction of
background mass spectranatz79 (Fig.4). The second step the associated peak of the total peakvdz79. Therefore
was fitting a function consisting of three Gaussian distribu-the fit can be used to determine not only the MSA frac-
tions to the wholen/z79 signal of the aerosol mass spectrum. tion, but also the organic and bromine part of th&79 sig-
For this fit the width of each of the three Gaussian functionshal. Since the method described uses only the MSA frac-
was held constant and set to match the mass resolution of tHéon of the wholem/z79 mass peak of the spectrum, it pro-
instrument at thisn/z In addition the center points of the Vides significantly lower limits of detection (900 pgthfor
three Gaussian distributions were held constant at the locatotal MSA) than one would obtain using conventional AMS
tions calculated from the exact mass calibrations for the thre¢lata analysis as used Bhinney et al(2006 who reported
species. Therefore only the amplitudes of the three peaks &tODwsa=17 ngnr3.
m/z79 were fitted using the Marquardt-Levenberg algorithm,  With the MSA fraction identified and quantified @i/z79
implemented into IGOR Pro (Wavemetrics), the platform on and the fragmentation pattern derived from the laboratory ex-
which TADA runs. periments one can now calculate the intensity for each MSA
fragment in each aerosol mass spectrum and subtract it from
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oo™ cnso; (109 — Openspec. This method for MSA extraction presented above can be
- E‘("S““'(B) applied for any measurements taken with a HR-ToF-AMS as
N Saussian (4SH) long as excessive signal from other specias/a9 does not

inhibit MSA peak separation. The resolution provided by a
c-ToF-AMS is not sufficient to clearly separate the individual
peaks at thisn/z

Our mass calibration for these three peaks was based on
the bromine peak in the background spectra. Since the in-
strument used during the campaign was involved in a hum-

CeH," (79.06)

Br' (78.92)

\ ber of laboratory experiments dealing with halogens before

. —_— the campaign, it is unclear if the amount of bromine that one
T T T T L .

) 79 70 71 2 would get from environmental measurements would be suf-

ficient to perform exactly the same fit procedure. However,

since the variation within the mass calibration of the AMS is
Fig. 4. Extraction ofm/z 79 MSA signal: Three Gaussian distri- quite small and does not change within a feMg we recom-
butions are fitted to the exast/zof the three main contributors to  mend the use of a nearby peak present at all times, such as

thism/z “Open Spect.” is the spectrum recorded by the instrumentthe sulfate peak an/z80, for the first mass calibration if the
when measuring the aerosol beam, “Closed Spect.” the instrumengomine peak at/z79 is missing or too low.

tal background with the aerosol beam blocked. The resulting mass
spectrum is obtained by subtracting the background spectrum from

the aerosol spectrum. 5 Field data analysis

the accordingn/z After this calculation MSA no longer con- 51 Removing exhaust contamination

tributes to the mass fragments of AMS “sulfate” and “organ-

During a ship campaign, the ship’s own exhaust is always a
Ics”. leul h . ; ing th potential source of contamination for most atmospheric mea-
To calculate the mass concentrations for MSA during theg,.ements. While constant wind directions can support the

field measurements the vaporizer temperatgre c_iependent ﬁ%ntamination-free sampling using well positioned sampling
(Table 2) were used to calculate the contribution of each inlets, it can also lead to a significant fraction of contami-

fragment to the total MSA mass concgntration for the va-\otaq samples, especially if the ship has to pursue a narrow
porizer temperature used during the ship measurement CaMhedule and the sampling points are fixed
paign ('=625'C, see Fig3c). To convert the resulting N As the ship was travelling from East to West during leg 1,

equivalent mass concentration into actual species mass COlind was coming from ahead most of the times. With the
cgntrations, anothgr parameter, the relative ionization effi— = \\/c sampling inlet being located on the aerosol mast
ciency RIE Drewnick et al, 2003 for MSA, must be ap- ~10m above the foredeck of the ship, contamination from
&he stack was very rare for this part of the campaign. In total,
~less than five percent of the collected data from leg 1 showed
exhaust signatures (Tablg. For leg 2, the situation was
quite different because the ship was traveling in the opposite
direction. This resulted in extended time periods with winds
coming from the back of the ship, bringing exhaust from the
stack, located in the middle of the ship (FB), to the sam-

and MSA particles quickly evaporate under typical labora
tory conditions (temperature, RH, MSA vapor mixing ratio),
it was not possible to determine the MSA relative ionization
efficiency (Rlgysa) in laboratory experiments. Therefore
RIEmsa Was calculated from the RIE of sulfate and organics
using Eq. 1) as a best estimate.

(RIEorg + RIEsq,) pling inlet installed on the bow. To keep measurement times

RIEmsa = 5 (1) lost due to contamination as low as possible without losing
(14+12) too much information, the ToF-AMS averaging length was

= RIEysa = — 5 — =13 decreased from ten to five minutes for this leg. Still approxi-

mately 120 h (23%) of data were contaminated in leg 2.

This estimate can lead to a significant error since the RIE To reliably exclude the contaminated data from the dataset
is proportional to the mass concentration of the compoundbefore further analysis, measurement data were filtered and
So far, it is the best assumption we can provide since ndime intervals with exhaust were removed. This was done
MSA concentrations measured by other instruments durindyy using a variety of criteria based on AMS and wind
the campaign are available. Our estimate for Rk is dif- data. The criteria for data exclusion were observations
ferent from the value used byhinney et al(2006, who of wind speed amplitude and direction ranges relative to
used the same RIE for this species as they used for sulfatthe ships movement, in which the ToF-AMS data showed
(RIEmsa=RIEsg,=1.15). signs of exhaust contamination. Exhaust contamination was
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Fig. 5. Unfiltered (“sulfate” and “organics”, top) and filtered (“sulfate”, “organics”, MSA, nitrate, ammonium and chloride) time series for
leg 1 together with wind speed (above sea surface) and sea surface temperature (SST). All saglﬂt?émless otherwise indicated.

generally observed when the relative wind speed dropped becampaign. Possible explanations for this behavior are the
low 2ms1, but also when the wind was coming from a sec- influence of external parameters like air temperature and hu-
tor between 135and 215 relative to the ship (Dis in the  midity or wind speed. Another reason could be a change in
front, 180 in the back). In addition ToOF-AMS mass con- the composition of the remaining fuel over the course of the
centration and size distribution signatures for “sulfate” and campaign

“organics” were used to identify contaminated data. In the Another potential way to remove exhaust signatures from
ToF-AMS data these events showed a high, simultaneous inAMS measurements is a method to separate hydrocarbon-
crease in “sulfate” and “organics” mass concentrations, adike organic aerosols (HOA) produced by combustion from
well as an additional mode between 40 and 100 nm particleoxygenated organic aerosols (OOA) mainly of biological ori-
diameter in the aerosol size distributions. In Figs. 5 and 6 theyin (Zhang et al., 2005). This method was developed for
effect of the filter applied to the ToF-AMS mass concentra-aerosol in urban environments, where both organic compo-
tion time series is presented for both legs. nents are found at reasonable concentrations. Since this is
dot the case for our measurements this method cannot be
Used. A first examination shows typical HOA-like spectra
Rply for exhaust periods. For all other times the spectra are
not similar to common HOA or OOA spectra (Zhang et al.,
2005), and require a deeper analysis, which is not within the
scope of this paper.

As has been mentioned before and can be seen in Fig.
during leg 1 only a few short time intervals were contami-
nated by the ship exhaust. During these events mass conce
trations of “sulfate” and “organics” increased by at least one
order of magnitude.

In addition to the downtimes of the instrument at the be-
ginning of leg 2 (see Table 1), contamination of measure-5.2 Time series of aerosol mass concentrations
ments with stack exhaust occurred quite frequently during
leg 2. Interestingly, the signatures for the exhaust events areooking at the filtered time series of the uncontaminated
always the same (characterized by a strong increase in AM®1easurements some points are quite obvious. First AMS
“organics” and “sulfate”), but the intensities vary. Look- “sulfate” is nearly always the dominating species in the frac-
ing closely at Fig. 6 it seems that for the exhaust eventgion of the marine aerosol measured by the AMS, i.e. the sub-
the organics-to-sulfate ratio decreases over the course of thaicron non-refractory aerosol (Figs. 5 and 6). Only when
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Fig. 6. Unfiltered (“sulfate” and “organics”, top) and filtered (“sulfate”, “organics”, MSA, nitrate, ammonium and chloride) time series for
leg 2 together with wind speed (above sea surface) and sea surface temperature (SST). All saglﬂt?émless otherwise indicated.

coming close to coastal areas or when passing through one For leg 1, generally the ratio between MSA and AMS
of the phytoplankton blooms did organic concentrations ex-“sulfate” is higher when air masses did come directly from
ceed those of AMS “sulfate”. The blooms in that region are Antarctica (24 January 2007-25 January 2007, 26 January
caused by the Malvinas Current, a branch of the Antarctic2007—28 January 2007) and during the phytoplankton bloom
Circumpolar Current flowing northwards along the continen- periods near South America, especially during the second
tal shelf of Chile and Argentina (Legeckis and Gordon, 1998;bloom (1 February 2007-2 February 2007). For periods
Garzoli, 1993) bringing nutrient-rich, cold waterr® SST)  when air masses were coming from the middle of the ocean
with it (Brandini et al., 2000). The blooms were identified by or had a long residence time there before arriving at the ship
satellite data and an increased biological activity was seen byClean Atlantic, 12 March 2007-15 March 2007), the ratio
the strong green color of the ocean. For both bloom eventss much lower. However, the trends for MSA and AMS “sul-
a drop in sea surface temperature (SST) can be seen (Fig. fgte” time series are still similar, possibly due to longer trans-
bottom), especially for the second event in which SST dropsport from the source region to the ship or due to the later
from 16°C to 10°C, indicating the inflow of cold water. Dur- season.
ing these bloom periods "organics” contribute up to 50 per- Only for the time after passing the phytoplankton bloom
cent to the total non-refractory aerosol mass concentrations_ - . X .
) . . region when —according to backward trajectories (see below)
in the size fraction below Am. . ! . .
. . . — air masses were continentally influenced by passing over
The temporal trends of the time series for methanesulfomcS : o . Y
. . u i . outh America and inside the Strait of Magellan, this is no
acid (Fig. 5 and 6) follow those for AMS “sulfate” for times o .
longer true. For these time intervals, MSA is nearly zero,

wh'er_e the aerosol is mainly dommaFed by marine Source.salthough the time series for AMS “sulfate” show significant

This is because both, methanesulfonic acid and sulfate, orig- :

. I ; _ Zconcentrations.

inate from the same source, oxidation of dimethylsulfide

(DMS), and because there is no additional sulfate from other During leg 2 the typical mass concentrations of AMS “sul-

sources during the most pristine periods. fate” and MSA were only half as large as the ones from leg 1,
possibly because of lower temperatures (Fig. 6) and the tran-
sition from summer to autumn in the Southern Hemisphere

leading to reduced biological activity. Total organic mass
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Table 3. Averaged mass concentrations for the most common species measured during the OOMPH 2007 cruise within different air masses.

SO NHg4 NO3 Org. Chl. MSA Total
Originated from  pwgm™3  pgm=3  ugm=3 pugm3 pugm3 ugm3  pugm3
Antarctic 0.31 0.05 0.01 0.02 <0.01 0.04 0.43
(80:10 h average) 72% 12% 2% 5% <1% 9% 100%
Bloom 0.21 0.07 0.02 0.32 <0.01 0.03 0.65
(22:10 h average) 32% 11% 3% 49% <1% 5% 100%
Clean Atlantic 0.18 0.06 <0.01 0.03 0.01 0.02 0.30
(53:50 h average) 60% 20% <1% 10% 3% 7% 100%
Outflow Africa 1.39 0.18 0.04 0.56 <0.01 0.01 2.18
(51:55 h average) 64% 8% 2% 26% <1% 1% 100%
South America 0.27 0.04 0.01 0.04 0.01 <0.01 0.37
(22:40 h average) 73% 11% 2% 11% 2% 1% 100%

concentrations (without MSA) in contrast to “sulfate” and  An increase of ammonium to a maximum of 0;85m—3
MSA did not show such a difference. Their average massalso occurred during the first bloom period together with
concentration was within the same range as for leg 1,exAMS “sulfate”, which most likely is an indication of conti-
cept the concentrations measured during the bloom periodaental influence. During the second bloom event ammonium
Overall, during the second leg, not much variation was seemmass concentrations rose only slightly above the LOD result-
in the time series for AMS “organics”, AMS “sulfate” and ing in an average mass concentration of Q@ 2.
MSA. Only when the measurements were performed in are- Nitrate mass concentrations during the campaign were
gion with continental influence from Africa and Madagascar also quite low, but typically above the detection limit
(20 March 2007-23 March 2007) could a strong change in(3ngnt3). Interestingly, nitrate mass concentrations also
both “organics” and “sulfate” mass concentrations be seenrose during the bloom period (20ngd) as well as dur-
Again the mass concentration for MSA did not rise during ing the period in which outflow from Africa was observed
that period, which just represents the fact that MSA is pro-with an average concentration of 40 ng#(Fig. 6). Un-
duced only from oxidation of DMS released from the oceanlike ammonium, the nitrate concentration seems to be cor-
(Berresheim1987 Mihalopoulos et al.1992. This makes related with the concentration of AMS “organics”. For all
MSA an excellent tracer for marine aerosol in general and forother times, when no continental influence can be seen, ni-
marine biogenic sulfur emissions, as has been shown beforgate shows very low concentrations.
(Saltzman et a).1986 Li et al., 1993 Allen et al, 1997. Since the AMS can only measure the non-refractory part
From our laboratory experiments we know that pure MSA of the sub-micron aerosol, it does not detect sodium chlo-
particles evaporate quickly. However, in a natural, mixedride with significant efficiency. However, it is possible that
aerosol this seems to be differerRutaud et al(1999 es-  a small fraction of the chloride from the sea salt can be de-
timated a lifetime of approximately six days in the absencetected, showing at least a trend for sea salt in the sub-micron
of precipitation.Millet et al. (2004 proposed an even longer fraction of the MBL aerosol. For leg 1, 10-min averaged
lifetime of approximately 12 days for MSA, ar8bdemann  chloride mass concentrations were almost always below the
et al. (2009 found MSA on dust particles from alpine ice detection limit of 16 ng m3. Despite being below the detec-
cores and linked it to a dust event going through a phyto-tion limit, the chloride time series showed clear structures.
plankton bloom area in the Mediterranean Sea. Thus the time series was averaged over 90 min, reducing the
During most periods of the ship cruise ammonium wasdetection limit for chloride by a factor of three to a value of
close to the detection limit (LOD, 60 ngTA) or below. Sig-  approximately 5ngm? (Fig. 5). For leg 2 an increase of
nificant mass concentrations of ammonium could only bechloride mass concentrations to about 20-30 n§ ean be
measured at the beginning of leg 1 (F&), and when air  seen between the 8 and the 15 March 2007 (6jgwhich
masses were continentally influenced by outflow from Africa does not correlate with any other substance measured by the
(20 March 2007-23 March 2007, Fig) when the average AMS.

mass concentration of ammonium was Qum 3. The Comparison of the chloride time series with wind speed
high concentrations at the beginning of the cruise are mosshows, for most structures within the chloride time series,
likely because of continental influence from Africa. a positive correlation for both legs (Figs.and 6). Wind
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masses. masses.

speed over ocean surface was calculated from apparent win@ Produce ammonium sulfate. However, these sources are
data and ship movement and orientation. The sea salt corflissing over the ocean. The assumption that particles con-
centration within the submicron fraction of the MBL aerosol tain alarge fraction of sulfuric acid is supported by the PILS-
increases with increasing wind speeds, especially if wind!C data gollgcted during _thQ Campaign. (J. Sciare, personal
speeds are above the values needed for whitecap formatigfPmmunication, manuscript in preparation).
(6-8m s for a significant fraction of white cap coverage,
Wu, 1979. This correlation indicates that the AMS, even 5.3 Aerosol characteristics of various air masses
though it is not capable of flash vaporizing sodium chloride,
can provide some information about sea salt concentrationszor further analysis of the ToF-AMS data and to character-
at least under the conditions observed during this ship camize the composition and physical parameters of the aerosol
paign. found in different air masses observed during the ship cruise
The analysis so far indicates that AMS “sulfate” is the an analysis of these air masses based on backward trajecto-
dominant species of the marine submicron non-refractorylies was performed. The 10-day backward trajectories were
aerosol. Organic species contribute only to a minor degre€alculated with the Lagrangian analysis todlenli and
to this aerosol composition in the MBL, but are present atDavies 1997, using wind fields from operational ECMWF
all times (Table3). In contrast, nitrate and ammonium are analysis data. Ensembles of 24 trajectories were calculated
only found in the aerosol mass spectra close to the continentg&Vvery three hours, with 24 starting points along the ship track
During measurements of undisturbed marine air masses thr each time step.
concentration of these species is typically below the detec- To calculate average aerosol parameters for different air
tion limit of 60 ng nT3 for ammonium and of 3ng m? for masses we looked for time intervals when air mass back-
nitrate - hence no ammonium and only very low concentra-trajectories originated from the same source region, followed
tions of nitrate were detected in the submicron aerosol insimilar paths, and spent similar times within a certain region.
the MBL. This means that no counter ion for the “sulfate” If, for example, trajectories originally came from Antarc-
measured with the ToF-AMS is present during most peri-tic regions but had a long residence time travelling over the
ods on the ocean, and suggests that most of the ToF-AMSouthern Atlantic Ocean for several days instead of going
species class “sulfate” is sulfuric acid. The vaporization andstraight to the ship position, they were no longer treated as
ionization process in the ToOF-AMS generates fragmentatiororiginating from Antarctica but as “Clean Atlantic”. Us-
patterns for sulfate and sulfuric acid that are very similar toing the criteria described above, five time periods represent-
each other, and at this time it is not possible to separate thesag different source regions were identified, hereafter called
two species using the standard AMS data processing metho@ntarctic”, “Bloom”, “South America”, “Clean Atlantic”
(Allan et al, 2004. In continental regions, sulfuric acid is and “Outflow Africa”. Schematic arrows characterizing the
rapidly neutralized because ammonia evaporating from soildack-trajectories, or originating regions in the case of the
or from other sources is available in sufficient concentrationsbloom period, of these air masses can be found inEig.
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For each of these time periods the origin and track of thefor “organics” were significantly higher making up nearly 50
trajectories stayed constant at least one day or longer, excepercent of the total non-refractory aerosol mass below one
for the “Bloom” period, which lasted only a few hours when micrometer. Compared to the organic concentrations mea-
the ship crossed through the phytoplankton bloom area. Asured during “Antarctic” and “Clean Atlantic” periods, or-
summary of species concentrations measured with the ToFganic concentrations are approximately 20 times higher dur-
AMS for each of the air masses is presented in T&ble ing the “Bloom”. A detailed investigation of this organic

To investigate possible relations between different specieserosol is part of forthcoming analyses and beyond the scope
for the different regions we calculated correlations betweenof this paper.
the most abundant species “sulfate”, “organics”, and MSA In fact the bloom period is the only one when “organics”
(Figs.7 and8). are clearly dominating the aerosol composition. Unfortu-

To be classified as “Antarctic”, air masses had to originatenately, during this time interval air mass trajectories came
in, and come straight from Antarctica (3-5 days accordingfrom South America (first bloom event, see Fayand from
to backward trajectories) before arriving at the ship positionthe Pacific Ocean passing briefly over South America (sec-
(Fig.1). These air masses are characterized by very low conend bloom event). Although for the second bloom event
centrations for most aerosol compounds except “sulfate” andhey were only passing over less populated areas of grassland
MSA. A large MSA-to-sulfate ratio is quite characteristic for (Patagonia), an influence from continental sources cannot be
these air masses as shown in the correlation plot for thesexcluded.
species in Fig8. “organics” show lowest concentrations for ~ The MSA-to-“sulfate” ratio for this period (Fig) is sim-
this source region, leading to a very high MSA-to-organicsilar to that for “Clean Atlantic”, but the concentrations mea-
ratio (Fig.7). sured during the bloom are higher, although slightly below

The air masses characterized as “Clean Atlantic” are verythose for “Antarctic” air masses. Interestingly, the organics-
similar to the “Antarctic” period (Tabl®). Trajectories for  to-MSA ratio for the bloom period differs drastically from
these air masses also came originally from Antarctica butthat of the other two air masses. Another indication for con-
stayed for some days above the Southern Atlantic Ocean gdinental influence during this period are the relatively high ni-
ing from West to East before approaching the ship from thetrate mass concentrations (Fi). These are approximately
Northwest (5—10 days after passing Antarctica). “sulfate”twice as large as those observed in the “Clean Atlantic” and
and MSA show similar ratios for “Antarctic” air and “Clean “Antarctic” air masses. On the other hand — according to the
Atlantic” air (Fig. 8), but concentrations are almost a factor MSA-to-“sulfate” ratio — no significant “sulfate” influence
of two lower for “Clean Atlantic”. Chloride shows the high- from the continent can be seen in the data during the bloom,
est concentrations for “Clean Atlantic” air masses, causednconsistent with a major continental influence. However,
by high wind speeds for these air masses, leading to an infrom the current state of the data no final conclusion can be
crease of small sea salt particles even in the size range belrawn.
low 1um (Figs.5 and6). Finally, the MSA-to-organics ra- The only time when nitrate concentrations are even higher
tio is on the same correlation branch as for “Antarctic” air than within the bloom aerosol is during the “Outflow Africa”
masses (Fig7). The strong similarities between “Clean At- period. Air masses measured during that period are coming
lantic” and “Antarctic” aerosol composition suggests, that theprimarily from the Southern Atlantic (for the first half) and
“Antarctic” aerosol is also dominated by marine emissionsindian Ocean (second half), but most of them passed over
collected during the short time the air spent traveling to theAfrica or Madagascar before arriving at the ships position
ship position or, alternatively, from emissions within the bi- and are clearly continentally influenced (Fij, as “sulfate”
ological active Antarctic shelf region but not by emissions concentrations are at maximum values for these periods. The
from the Antarctic continent itself. same is true for mass concentrations of ammonium and the

When arriving in the costal region of South America, the total non-refractory sub-micron aerosol concentration. At
ship passed through phytoplankton blooms. Phytoplanktorthe same time MSA concentrations are the lowest observed
blooms or algae blooms are areas in which the populatiorwithin any of the air masses (Tal8g The correlation plot of
of one or more species of micro algae or marine bacterid'organics” and MSA (Fig7) shows a very large organics-to-
is increasing rapidly due to a strong nutrient input. TheseMSA ratio as well as a large “sulfate”-to-MSA ratio (Fig).
organisms are known to produce organic compounds whiclThis is another indicator for the significant continental influ-
can be released into the atmosphere including DMS, haloence of the air masses observed during this time period.
carbonsl(ovelock et al, 1973 and isopreneBonsang et al. The correlation plot (Fig7) for “organics” with MSA
1992. As mentioned above the blooms were indicated byshows two modes for this period, the main one with a large
satellite images and the high biological activity that producedorganics-to-MSA ratio and a smaller one with a large MSA-
the green color of the ocean. to-organics ratio. A detailed inspection of the backward tra-

During the “Bloom” periods offshore of South America jectories for this time interval and the associated data points
(Fig. 1) “sulfate” mass concentrations were at similar lev- in Fig. 6 shows that at the beginning of this period the wind
els as for “Clean Atlantic” air masses, but concentrationswas coming from Northwest (Continental Africa). In the
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0.6 —{ |—#— Clean Atlantic

—v— Outflow Africa (*0.2)

- The concentrations for most compounds measured during the
ship campaign are too low to generate meaningful particle
05 r size distributions for the non-refractory sub-micron aerosol.
Only for sulfate or sulfuric acid, as discussed above, mass
concentrations were high enough to provide sufficient sig-
nal for calculating averaged size distributions for the differ-
ent time intervals associated with the different air masses as

0.3 r

dMrdlog d,, / pg m™

02- L mentioned before (Fid).
The size distributions for the “Clean Atlantic” and the
01+ r “Antarctic” air masses look very similar with mode diam-

eters between 200 and 300 nm vacuum aerodynamic diam-
=T ; R a eter dy,, although mass concentrations for “Antarctic” are
Vacuum Aerodynamic Diameter / nm slightly higher. Additional modes may exist around 150 nm
in the “Clean Atlantic” size distribution and around 350 and
700nm in the “Antarctic” size distribution, however these
features in the data are not very significant. The size dis-
tribution for 'South America’ shows a bimodal size distribu-
tion with one mode in the same size range as the maximum
of the two size distributions mentioned before. The domi-

course of the ship passing from Africa to Madagascar thenant mode for this distribution has its maximum at 200 nm
wind direction changed to South (Southern Atlantic/Indian diameter. This additional mode could be a continental con-
Ocean) and later to North East (Madagascar). The data pointgibution of either nearby combustion from coastal areas or
for this second smaller mode are from this period of changefishing boats. Unfortunately, mass concentrations for “or-
when mainly marine air masses with only little continental ganics” were to low to make use of the HOA/OOA analysis
influence were observed. During the periods at the beginmethod Zhang et al.2009 or for the calculation of signifi-
ning and the end of the “Outflow Africa” interval the large cant mass size distributions of typical HOA masse#z43,
continental influence was observed. 44, 55, 57).

The only other time when the “sulfate”to-MSA ratio The size distribution for the phytoplankton bloom period
shows a similar behavior with negligible MSA fraction is looks different from the other distributions, with a tail to-
during the “South America” period. At that time the air wards small particles — possibly from additional modes in
masses measured originated from Pacific Antarctic regionghe size range 90-200 nm — and a maximum between 300 and
and passed over the southern part of South America shortl$00 nm. Interestingly, for particle sizes above the maximum
before arriving at the ship. This period shows the lowest masshe distribution is similar to the one from the “Antarctic” pe-
loading for MSA during the whole campaign, with values be- riod. Possible reasons are a mixing of aged continental and
low 0.01,.g m~3. Whether this is due to a short MSA life- 0oceanic aerosol together with freshly created particles from
time with respect to wet deposition occurring while passingWithin the “Bloom” region. However, mass concentrations
over the Andes or due to lack of other reasons like missingfor this distribution are within the range of the ones men-
sources for MSA is so far unknown. tioned before.

The organics-to-MSA ratio during the “South America”  The only averaged size distribution for “sulfate” that is
period has the same slope as for “Antarctic” and “Cleanclearly shifted towards larger diameters with a maximum
Atlantic” air masses. The average mass concentration foround 500 Ny, is the one for the “Outflow Africa” time
“organics” during the “South America” period is two times interval (Fig.9). The shape seems to be similar to that of
higher than that for these two oceanic periods, but still tenthe “Bloom” size distribution, but the mass concentrations

times lower than the organic mass concentrations for theare approximately five times larger than for the other distri-
“Bloom” and “Outflow Africa” periods. butions. This could be a sign for an aged aerosol leading to a

As shown in Figs7 and8 “sulfate” and MSA as well as  shiftin the size distribution indicating a continental influence

organics and MSA show compact correlations for the indi- for this period.
vidual air masses, even though the absolute concentrations

of these species vary significantly. For different air masses

these correlations show very different slopes.

8 é T
100

Fig. 9. Size distributions of AMS “sulfate” for the different air
masses. Size distribution for “Outflow Africa” has been divided
by five to scale with the other size distributions.
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6 Discussion while observed MSA and sulfate concentrations during win-
ter seem to be quite similar for different years (2 ngfand
Unlike the studies oBates et al(20095 andPhinney et al. 23 ng 13 respectively at Dumont d’Urville Station, coastal
(2009, who operated also an Aerodyne AMS on a ship, theAntarctica), for summer values a large interannual variability
main interest of our measurements was not continental outwas observed with values between 35-73 ng for MSA
flow or the influence of an iron enrichment experiment, butand 182—-247 ng ? for nss-sulfateRPreunkert et a]2007).
instead the characterization of the pristine, remote marine Apparently the MSA to nss-sulfate ratio seems to vary
boundary layer aerosol. Our measurements show not onlgjgnificantly depending on seasonal and geographical condi-
that “sulfate” is the most abundant species, but even morejons. Another study shows that for three different Antarctic
they suggest that it is present as sulfuric acid in the aerosotations MSA to nss-sulfate ratios change between approx-
phase within the remote boundary layer, similar to the find-imately 0.02 and 0.42 (Dumont D’Urville Station, 1991—
ings by Phinney et al(2006. These aerosol particles can 1996), 0.02 and 0.8 (Neumayer Station, 1983-1995) and
then become very effective cloud condensation nuclei (CCN)0.02 - 0.6 (Halley Research Station, 1991-1993) respectively
having an impact on cloud coverage and therefore on thg|egrand and Pasteut999.
global climate systenGharlson et a).1987). Taking into account the large variation within MSA and
As proposed byon Glasow and Crutze2009, our mea-  sylfate concentrations and ratios the results of our study are
surements show that part of the oxidized DMS is present inwithin the range of previous findings. For the Indian Ocean
the aerosol phase as MSA. Althouturphy et al.(1999  saltzman et al(1983 reported nss-sulfate concentrations
had some indications for MSA, it was impossible for them between 0.05g m=3 and 0.84ug m—3 with corresponding
to clearly identify it in their measurements due to the lim- MSA concentrations between 0.0 m—3and 0.04.g m3,
itations of their instrument. The same is true for measure4eading to MSA to sulfate ratios between 0.01 and 0.12 and
ments byCoe et al.(2009, which were limited by unitary  agreeing well with our results.
resolution of the mass spectra due to the use of a quadrupole organic compounds are present all the time, but at very
mass spectrometer as analyZ@ieray et al(1997) did iden-  |ow concentrations~20ngnT3). “Organics” observations
tify methane sulfonate, the neutralized ion of methanesul-gre higher only when close to coastal areas, within air masses
fonic acid, most likely because they took samples at a remotenfluenced by continental outflow or when measuring ship
coastal area and the aerosol had been neutralized by the timghaust. Sincdates et al(2005 focused on continental
it was analyzed. outflow, it is not surprising that their measurements showed
Topping et al(2004 did not identify MSA from their on- 3 dominance of organic aerosols.
line aerosol mass spectrometric measurements. However, re- ynlike the ATOEMS used byall'Osto et al.(2004 the
sults from ion chromatographic analysis of the oncen- Aerodyne AMS is not appropriate for measuring sea salt in
trations presented by them also show a ratio of ten to one foperosol particles because the vaporization occurs at relatively
sulfate and MSA, similar to our findings. low temperatures and because the AMS is designed to mea-
The mass concentrations of sulfate and MSA found bysyre the submicron aerosol particle fraction between 70 nm
Phinney et al(2006 are two to four times higher than the and 700 nm. However, our measurements show that the frac-
ones found during the OOMPH campaign, a difference thatjon of chloride measured is sufficient to correlate with wind
could be due to differences in phytoplankton activity or the speed and to show at least qualitatively that the fraction of

bloom area. Their study took place in the northern Pacificsea salt in the submicron aerosol of the MBL is increasing
Ocean whereas our measurements were located in the Soutfyith increasing wind velocity.

ern Atlantic and Indian Ocean, although their study also took

place in the summer (July 2002). However, their sulfate-to-

MSA ratio is within the same range as the one seen duringg  Summary

our bloom period. Furthermore, they also observed that there

was not sufficient ammonium present to neutralize the meaThe Time-of-Flight Aerosol Mass Spectrometer (ToOF-AMS)

sured sulfate mass concentrations and therefore assumedwas for the first time successfully operated on a ship mea-

collection efficiency close to one. suring the composition of the sub-micron marine boundary
Limited to the Southern Hemisphere our measurementdayer aerosol in the Southern Hemisphere. Time series and

are within the values that have been reported befdinikin averaged mass concentrations for the AMS standard species

et al. (1998 found mean MSA concentrations at three dif- “sulfate”, ammonium, nitrate, chloride and “organics” could

ferent stations on Antarctica between 57 and 96 ng fior be extracted from the data improving knowledge of the non-

February decreasing to 41 to 68 ng#rin March (monthly  refractory aerosol composition from non-continental South-

means) with MSA to nss-sulfate ratios between 0.2 and 0.4ern Hemisphere regions. Furthermore, using the high reso-

Burgermeister and Georg{il99]) have shown that there lution data provided by the HR-ToF-AMS (DeCarlo et al.,

seems to be a strong latitudinal dependence with MSA con2006) information on methanesulfonic acid (MSA) could

centrations increasing towards higher latitudes. Furthermorehe directly — i.e. by physical separation from other species
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fragments at the samm/z— extracted from the data after ex-
tensive laboratory characterization experiments and the de-
velopment of a new data processing method. The MSA
results presented here not only show the capability of the
Aerodyne HR-ToF-AMS to measure individual compounds " ek crsiiseia

in particles, but also the limitations of the instrument. Even

by using the high resolution data it will not be possible to

extract information on every individual species or fragment, References
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