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Abstract

The chemical composition and size distribution o&rime aerosols constitute an important

"~ { Eliminato: have the ability to activate and
act as cloud condensation nuclei

The main aim of this study was to investigate theahd D- free_amino acid composition Of - 4 Eliminato: In order to understand which
”””””” - physical and chemical transformations
X . . . ) . . \ occur during transport processes, aeroso
Antarctic aerosols in three different areas: twattental basg Mario Zucchelli Station (MZS) * | samples were collected during four
. | different Antarctic austral summer
\ | campaigns.

\

and Concordia (Dome C), and during aceanographic cruise on the Southern Ocean thear

A
{ Eliminato: s

Antarctic continent The study of size distribution of amino acids aerosols, permitted to - - Eliminato: has
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source and after loagange transport. Amino acigsnbe used as markers for biogenic aeresml - { Eliminato: might

p { Eliminato: indicating

these_compounds can_indicatiee_prevalence of phytoplanktonic material or_bé@tematter - | giminato: has

)

)

)

)

)

/ )
through D/L ratio. Moreovetthis study, permitted to investigate the reactivity ofdgh compounds/ /{E"mmam: e %
)

)

)

)

=

7777777777777777777777777777777777777777 / = = .
p /{ Eliminato: 1

/
) {Eliminato: s
/ /

during_longrange transport.

/ —
i, { Eliminato: base

The mean amino agid concentration detected attéfiar coastaMZS was 11 pmol i, and @,ﬁ/; " { Etiminato: s

| AN bl et . et e —_— T Y

e /{ Eliminato: has permitted
higher percentage of amino acids were present énfitie fractions. The study of amino gcid /

/
4 /

Eliminato: .The main components were
fine fractions, establishing a local marine
source.

************************************* , { Eliminato: somean ageing
/

/ /

near the sourge. g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, )

"
/

Once produced on the sea surface, marine aerosmlergo several physical and chemical ////{Eliminato:,

Eliminato: process, due to various
phenomena such as coagulation, or
photochemical transformations

/ g { Eliminato: where the

transformationsThis was demonstrated by using the samples ¢etlemn the Antarctic plategin /*~ { Etiminato:

/ // { Eliminato: background

-~

these samplesthe Jowestamino acidvalues(0.7 and 0.8 pmol i) in_aerosolswere determined’- { Eliminato: valves of

h ‘[ Eliminato: s

77777777777777777777777777777777777777777777777777777777777777 ST {Eliminato: ,and
NS

Another important source of amino acids in marieeosols is the presence iotact biologicak . \{E“mi"am: concentration
~. | Eliminato: was observed

material, demonstrated through a sampling cruistnerR/V Italica on the Southern Ocean. {Formattato: Giustificato, SpazioDopo:
***** So |opt

- ‘[ Eliminato: |
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1. Introduction

aerosols as the latter contribute to a substgmtidlon of the marine aerosol mass, especially¢o t

submicron size fraction (Bigg, 2007The study of marine aerosols is cruct@@nsidering their

significant contribution to global aerosol logigen the ocean’s extensiavith consequent impacts in

the Earth climat¢O'Dowd and De Leeuw, 2007; Petzold and Karchet22B8oucher et al., 2013).

77777777777777777777777 N
NN

composition of marine organic aerosols is a contfminaof different primary and secondary:

<
W

phytoplankton can modulate the chemical and phlygicaprieties of marine organic aerosoT\s\\I

\

\
include numerous species of organic acids, amiteb®onyl compounds and amino acids (Saxena
\

\

and Hildemann, 1996). !

\
\

\ \

Hartz et al., 2006; Kristensoon et al., 2010). Deakl et al. (2009)postulated that amino acids

\

v

contribute to the formation of new particles in #tmosphere. These compounds can also servé\qg\
\
\

source of nutrients for marine ecosystems thankiseio high bioavailability (Zhang et al., 2002).

Several studies determined amino acid concentsation the condensed phase of aerosols | Eliminato:

v T _ T

N
W N

(Gorzelska and Galloway, 1990; Spitzy, 1990; Milnd Zika, 1993; Saxena and Hildemann, 199%5\\{ Eliminato:

\ { Eliminato:

Zhang et al., 2002; Zhang and Anastasio, 200 dalakis et al., 2010;Mandalakis et al., 20&#&

N
\\‘{ Eliminato: ;Facchini et al., 2008a,b
f{ Eliminato: have

‘[Eliminato: P

W
\\\{ Formattato: Tipo di carattere: Corsivo
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\ \\{ Eliminato: at the ocean’s surfa
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W ‘[Eliminato:
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\I Eliminato:
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\ \\\{ Eliminato:
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\ \\{ Eliminato:
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{ Eliminato: s

Eliminato: Marine aerosols are among
the most important natural aerosol systems
at the global level, due to the oceans’ extent
(O'Dowd and De Leeuw, 2007). They pla;
an important role in the Earth system,
especially in climate and atmospheric
chemistry, as they significantly contribute
to the global aerosol burden and influence
both direct and indirect radiative forcing as
well as a variety of chemical processes
(IPCC, 2007).1

Knowledge of the chemical composition qf
these particles is crucial to better
understand the mechanisms influencing
climate change, due to the ability of these
particles to act as cloud condensation
nuclei. I

Recently

Eliminato: result from the interaction of
wind stress

o U T

Eliminato: As for secondary organic
aerosols, their production involves severd
mechanisms which have not yet been
clarified (Vignati et al., 2010;Spracklen et]
al., 2008;Myriokefalitakis et al., 2010).
However, Bates et al. (1992) demonstrate
that the production of secondary marine
organic aerosols is associated with
biologically-driven emissions of organic
compounds from phytoplankton. Lim et al.
(2010) studied the role of aqueous
chemistry in the formation of secondary
organic aerosols, describing a number of
photochemical reactions that occur in the|
atmosphere. A detailed understanding of
these mechanisms is essential to quantify
the role of marine aerosols in the
functioning of the Earth system. 1

o

marine

important

very

are

Eliminato: have

(Ge et al., 2011).

have

)
)
)
)
: CNN ]
)
)
)
)
)

etal., 2011 and its referengeut also in rainwateMopper and Zika, 198 Mace et al., 2003a,b), - - { Eliminato: :zhang and Anastasio, 2003

in fog (Zhang and Anastasio, 2001), and in dew kéBeheller, 2001)In the atmosphere these
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compounds can be present as dissolved combinedamids (proteins and peptides) (Kuznetsova

et al., 2005; Ge et al., 2011), dissolved free angicids from the hydrolysis of the combined ones

(Mopper and Zika 1987; Milne and Zika, 1993), amdticulate amino acids (solid microorganisms

and debris particles inside the liquid aerosol phésuznetsova et al., 2005).

Several sources can affect the content of atmogptissolved freeamino acids, Amino acids can. -

v o T e e e e e L e T D—e——————————"_ T T Yy o T T =
\

\

' \
different types of amino acids in continental paes are thought to be produced by plants, pgl‘pn\
po

[l

Anastasio, 2003; Mace et al., 2003&he continental contribution was evaluated byc#at al.’ \:1\\\
\ “\\\
) \\\\\

(2003b), who distinguished the biogenic amino agigssent in fine particles from the amino acidéx\\\

[N

\ \\
contained in anthropogenic coarse particldsny amino acids are produced by anthropogen
\ \

\
y L
\

and algae, but also by fungi and bacteria sporéméMind Zika, 1993;Scheller, 200Zhang and “;:\:\\\

N

sourcessuchas tobacco smoke (Ge et al., 2011), incinesaiwaste collection ceafsand sewage

\
\
\

\

W

\

\
\

Eliminato: Amino acids, being an
important portion of organic aerosols, cal
influence the cloud formation or act as ice-
forming nuclei due to their hygroscopicity
(Szyrmer and Zawadzki, 1997;Wedyan and
Preston, 2008). De Hann et al. (2009) ha
postulated that amino acids can contribute
to the formation of new particles in the
atmosphere. These compounds can also
serve as a source of nutrients for marine
ecosystems thanks to their high
bioavailability (Zhang et al., 2002). 1

[V}

Eliminato: Matsumoto and Uematu
(2005) describe how long-range transport
influences the concentration of amino acigds
in the North Pacific Ocean, while an
evident marine source was verified by
Weydan and Preston (2008) in the South
Atlantic Ocean.

Eliminato: has

Eliminato: been

Eliminato: these

\
\
|l
,,,,,,,,,, \
\ \
b

treatment plarst(Leach et al., 1999%hang and Anastasio (2002) identified livestockrfiaig as '

\ \

\
the main source of amino acid ornithine in Califamaerosols. Near the inhabited contisent

\

several sources could produce amino acids in thiclgaphase, although soil and desert dust

\

!

\

\

{ Eliminato:

Eliminato: Chan et al., 2005;

Eliminato: |

Eliminato: Zhang and Anastasio, 2003;

Eliminato: Mace et al., 2003a;

=

e

o 8 U U

probably, the most important sources of highino acidconcentrations _ | Etiminato: are )
o ‘[Eliminato: ofamino acids. J

Matsumoto and Uemat (2005) describe how long-range transport infl@ésme concentration of

amino _acids in the North Pacific Ocean, while ardent marine source was verified by Weydan

and Preston (2008) in the South Atlantic Ocean.eB#vstudies investigated the free dissolved { Eliminato: nave ]

amino acids inp marine aerosols (Gorzelska and @allp1990; McCarthy et al., 1998; Mace et al.,- {E"mi“atm the ]

2003; Matsumoto and@ematsy 2005; Kuznetsova et al., 2005; Wedyan and Pres2008; - { Eliminato: Uematu ]

Mandalakis et al., 2011) but festudiegwere conducted in the polar regions. Schmale et alLl3?0 - - { Eliminato: research ]
- ‘[Eliminato: was ]

conducteda_complete study on the characterization of Sutastit marine aeroseland they - {Eliminato: reported ]

identified hatching penguins as a source of amiidsain the aerosol of Bird Island in the South- { Eliminato: the ]
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article-size distributignof amino acide Antarctic aerosols.

different compositio:

L - = ‘[Eliminato:

of amino acids present

o ‘[ Eliminato:

their

o

Chirality is_an_important feature of amino acidsdahe homochirality of life on Earth occurs

because L-amino acids are the only enantiomers dseidg the biosynthesis of proteins and

peptides(Cronin_and Pizzarello, 1997). The princip@chemical source of D-amino acid are

peptidoglycans, the main structural compogeefibacterial cell walls (Voet and Voet, 1999).

:Thec

used as powerful markefor characterizing nitrogen materials (McCarthyakt 1998). Kuznetsova

et al. (2005) indicated that the relative enrichim@nL-amino acids may result from planktonic

: the

=

: tool

: the

=

are not present (Wedyan and Preston, 2008).

The aim of this study is to investigate the ocauceeand concentration levels of dissolved free L-

and D-amino acids in the Antarctic aerosaiglto estimate how these compounds produced from

: and

s or

o ‘[Eliminato:

Kristensoon et al., 2010; Szyrmer and Zawadzki,718%d affectheatmospheric balance (Chan et

: might

e

: age

: might

(Y N

indicating the prevalence of phytoplanktonic matieor bacterial matter (Kuznetsova et al., 2005).
5
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aerosols. In Antarcticgong-range atmospheric transport of anthropogepitufants is minimaL,/‘{Eliminato:,acontinent surrounded by}
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ the Southern Ocean,

becausdhe continent is surrounded by the Southern Qosherenatural sources such as seawater { Eliminato: due to )

77777777777777777777777777777777777777777777777777777777777777777777 | ‘[Eliminato: as J
provide the main contributions to marine aeros@sargagli, 2008) Aerosol measurements in

Antarctica provide information othe concentrations an@iehaviorof aerosols such as particle - - { Eliminato: natural background ]

[ == { Eliminato: processes J

formation and growth with minimal interference from,_anthropogenic smsr (Bargagli, - { gliminato: s )

. o ‘[ Eliminato: the ]

2008Bourcieretal, 2000 _________________________________ == ‘{Eliminato: Bourcier et al., 2010; }
Gambaro et al., 2008

was to estimate how the amino acids
. . . . . roduced from seawater surface were
two consecutive field campaigns, aerosols wereectdt on the Antarctic plateau near the Italian- Eist,ibuted in the size-segregated aeroso
in Antarctica. Physical transformations of
. . . . . q articles were also investigated after
French base of Concordia Statiidome C) one sampling period was carried out at the Malia franspon phenomena, Whgre many physi

JFour different Antarctic austral summer campaigrserconducted to pursue our investigation: in { gliminato: The main aim of this study
S
al
and chemical processes occur.

coastal basg MZS; finally, shipboard aerosols veemi@pled on the R/V Italica on the Southe;m{sliminato: “Mario Zucchelli Station” ( ]
)

The present studyllowed us to identify the main factors affecting partictenino acids_ - - { Eliminato: pemits )
concentrations, as well as the particle size inctvjaisingle amino acid is released from bubble- { Eliminato: the ]

2. Experimental section __ — | Spostato in su [3]: To our knowledge,
T 5 this is the first investigation that consider:

\ the different composition of amino acids
N present and their particle-size distribution|in

2.1 Sample collection \ | Antarctic aerosols.
I Eliminato:
1

Aerosol samplings were carried out during four efiéiht Antarctic austral summer campaigns, in

the framework of the “Progetto Nazionale di Ricercéh Antartide” (PNRA).The sampling sites

are shown in figure 1.
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Five aerosol samples were collected at the Itddesg MZS from 29 November 2010 to 18 Janu:ary{Eliminato: “Mario Zucchelli Station” (

777777777777777777777777777777 ) N ‘[Eliminato: )
2011.The sampling site was at the Faraglione Camp (74542164° 06E), about 3 km south of \{E"minato:,

o . o - \\\\\‘[Spostato (inserimento) [4]
the MZS in Victoria Land. The site is a promontaty57 m asl. It was chosen because it is Iocated{ Eliminato: {

o U

in_ a valley that is separated from the main statiocga by a hill, and pollution from the research

station is therefore negligible.

28 January 2012; finally, five airborne samples evebtained from 07 December 2012 to 26

January 2013The sampling site was in the East Antarctic plat@&i 06’ S — 123° 20’ E), about 1

km south-west of the Dome C buildings, upwind @& fominant wind (from south-west). __ -~ | Spostato in giti [5]: Amino acids were
”””” also determined in other seven samples
i A A retrieved on the Ross Sea (Antarctica) o
Aerosol samples in terrestrial bag@4ZS and Dome Civere collected using a TE-6070, PM10 | the R/V Italica from 13 January to 19
February 2012 (table S1). The sampling
sites are shown in figure 1. §

high-volume air sampler (average flow 1.2% min™) provided with a Model TE-235 five-stage
high-volume cascade impactor (Tisch Environmenial.,| Cleves, OH) equipped with a high-
volume back-up filter (Quartz Fiber Filter Media 8"10") and with a 5.625" x 5.375" Slotted
Quartz Fiber for collecting particle size rangehe following range: 10.0 — 7.2 um, 7.2 — 3.0 um,
3.0-15pum, 1.5- 0.95 um, 0.95 — 0.49 um, < AD The sampling campaign lasted 10 days,

with a total air volume of ~15,000%per sample.

N ‘[Eliminato: other

s/ N

on the R/V Italica from 13 January to 19 Februa®¢2(tables1),  { Eliminato: on
. . X E i o Eliminato: The sampling sites are show
During the oceanographic cruise, airborne aerosele collected by means of a circular quartz | infigure 1.

fiber filter (quartz fiber filter (QFF) (SKC IncEighty Four, To-13 model)) using a TE 5000 High

Volume Air Sampler (Tisch Environmental Inc., Ohf) order to determine the TSP (total

suspended particulate) fraction, where the pasgid®d a diameter above 1pim avoid

contamination from the ship’s exhaust, air samplese automatically controlled by a wind sector,
in order to start sampling only when the relatiiadwirection changed from -135° to 135°C of the
bow, and when the relative wind was above 1 mGollection was scheduled to last about five

days, but this time frame was subject to variatiahge to the wind selector and to cruise events.
7
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The airborne sampling volumes varied between 5l 2i56 ni. The track chart is reported in
SupplemerdryFig. S1.

All filters were pre-combusted (4 h in a 400°C imaffle furnace), wrapped in two aluminum foils
before sampling, and stored in aluminunm20°C after sampling and until analysis. Blank sk®p

were collected by loading, carrying and installthg filter holder in the instrument with the air

\
\

In order to avoid contamination from laboratory particles and from the operator, samples wete

handled under a laminar flow bench (class 100). Sdme pre-analytical protocol used for phenolic \

\

samples. This unique procedure permits to determinamber of compounds in a singige and \\

\

-| Spostato in su [4]: the sampling site

was at the Faraglione Camp (74° 82~
164° 08 E), about 3 km south of the MZS
in Victoria Land. The site is a promontory
at 57 m asl. It was chosen because it is
located in a valley that is separated from
main station area by a hill, and pollution
from the research station is therefore
negligible. T

Eliminato:
During the austral summer campaign of
2010-2011,

Eliminato: During the austral summers
2011-2012 and 2012-2013, the sampling
site was in the East Antarctic plateau (75
06’ S — 123° 20’ E), about 1 km south-we
of the Dome C buildings, upwind of the
dominant wind (from south-west). 1

st

{ Eliminato: s J

previously washed with methanol. Filters were brokgo small pieces, placed into 50mL conical
flasks, and spiked with internal standard solutions

Slotted quartz fiber supports and circular quaitzerf filters were spiked with 100 pL of
isotopically-labelledC amino acid standard solutions (with concentrati@nging between 2 and
3 pg mLY and extracted with 5 mL and then 2 mL of ultrapwater by ultrasonication. This
operation was carried out by adding ice into araatinic bath in order to avoid the degradation or

evaporation of the compounds. 400 pL of internahdard solution were spiked into small pieces

The extracts were combined and filtered through.4b Qum PTFE filter in order to remove

particulate and filter traces before instrumentellgsis.

2.3 Instrumental analysis

‘[Eliminato: precious

- { Eliminato: and ]
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The enantiomeric determination fofe L- and Damino acids in the aerosol samples was conducted

Systems (Waldbronn, Germany; with a binary pumguuan degasser, autosampler) was coupled
with an API 4000 Triple Quadrupole Mass Spectroméipplied Biosystem/MSD SCIEX,
Concord, Ontario, Canada) using a TurboV electeysgource that operated in positive mode by
multiple reaction monitoring (MRM).

Chromatographic separation was performed usingla 250 mm CHIROBIOTIC TAG column
(Advanced Separation Technologies Inc, USA) witm@bile phase gradient elution consisting of
ultrapure water with 0.1% formic acid (eluent Adamethanol with 0.1% formic acid (eluent B).
The binary elution gradient program at a flow rat®.2 mL min' was used as follows: 0-15 min,
isocratic elution with 30% of eluent B; 15-20 mgradient from 30 to 100% B; 20-25 min washing
step with 100% of eluent B; 27-30 min, equilibratiat 30% eluent B. The injection volume was 10
ML.

In this work, the internal standard and isotopetiih methods were used for the quantification of
amino acids, and the results were corrected byatiah instrumental response factors.

Reagents and materials used for this study anduhkty control are reported in the supplementary

information.

2.4 Back-trajectory calculation and satellite imagery

Backward air trajectories arriving at MZS, Dome @ &R/V Italica were computed using Hybrid
Single Particle Lagrangian Integrated Trajectory Y@PLIT) transport and dispersion
models(Draxler and Rolph, 2013). The meteorologiath used for computing all the backward
trajectories were the NCEP/NCAR Global Reanalys&aD For MZS data, a vertical velocity
model was used as vertical motion whéle isoentropic model was employed for the analysis of

Dome C air masses, as suggested by Stohl et 80201
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240 hours normal back-trajectories beginrm§00 m above ground level (agl) at MZS and Dome

C were calculated during each sampling campaigiogefFour runs were computed for every

sampling day starting every six hours and the tiesuinultiple trajectoriesvere aggregated inf® - {Eliminato: were mean-clustered into ]

groupsin order to highlight majgpatterndn the origin of air masses reaching sampling sites - { Eliminato: paths ]

itinerary. In this case, for each 24-h sampling¢yvg-day backward trajectories were computed.
The data related to chlorophyll were obtaingd an Aqua/MODIS NASA satellite continually

orbiting the globe (http://neo.sci.gsfc.nasa.gov/).

3. Results and Discussion

3.1 Freeamino acid determination in the coastal area

Thirty-six amino acids were investigated in thetigatate matter collected at Faraglione Camp near
the coastal Italian base MZS. Five samples wertkeateld between 29 November 2010 and 18
January 2011 with a cascade impactor in order &duate the dimensional distribution of amino
acids in the coastal airborne samples (Fig. 2).

Nine L-amino acids (L-Ala, L-Asp, L-Arg, L-Glu, L, L-Pro, L-Tyr, L-Thr) and glycine (Gly)
had concentrations higher than the method detetitiats (MDLs) (Supplemertry Tables S3 and

S4), while all D-amino acids were below MDLs, prblyadue to a negligible presence of bacteria

(Kuznetsova et al., 2008Vedyan and Preston, 2008 __ -~ { Etiminato: wedyan and Preston, 2008; )

The total concentration of amino acids, calculdtech the sum of their six size distributions in all
aerosol samples, have a median value of 5 prifodmd an average value of 11 pmof'mue to the

higher amino acid concentration in the first san{g& November-9 Decembegs shown in Fig. 2.

The average concentration of amino acids determiméis study was very similar to those found
in the literature for marine aerosols in remoteaareMatsumoto and Uematsu (2005) reported an

average free amino acid concentration of 10.7 pmidin the Pacific Ocean, while Gorzelska and

10
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470
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485

Galloway (1990) and Wedyan and Preston (2008) ubdest mean of 3 pmol frand 20 pmol m

2.8 pmol ¥ using the same sampling method at the Arctic ebasition.
However, higher average concentrations of amindsagiere individuated in the Mediterranean
areas. Barbaro et al. (2011) determined a meare \wl834 pmol rii in the Venice Lagoon (Italy);

Mandalakis et al. (2010,2011) found 166 pmof end 172 pmol i respectively in the Eastern

studies in Tasmania (Australia), finding amino amithcentrations that ranged between 15 and 160

pmol m>.

percentages of 9% for Glu, 7% for Ala, 5% for T&®% for Asp, 2% for Val while 1% for other
amino acids (Phe, Tyr and Pro).

The first sample collected between 29 November@hd@december had a higher concentration of

the cluster means backward trajectories (Supplengfig. S2) conducted for our samples SJ’JQW/{EIiminato: s

that air masses come from open-sea regions (1 %)pancipally from the internal Antarctic
continent (99 %)both characterized by their lack of vegetation. Thesesimerations suggest that
local marine influence was the main source of an@oidls in MZS and that the concentration of
atmospheric amino agdvas linked to the primary production in the sesaalso confirmed by other

studies(Meskhidze and Nenes, 2006;Vignati et 8102 Yoon et al., 2007; Mueller et al., 2009).

linked to the urea cycle in diatoms (Bromke, 2013).
11
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The MODIS data (Fig. 3) show higher chlorophyll centration during the period referred to the
first sample, while a strong decrease in the bien@®duction index was observed during the
remaining sampling time. This relationship betwesrarine primary production and Arg
concentration suggests that this amino acid maye leavmarine biological origin and that its
concentration is closely linked to algae growth.

Meteorological conditions play an important roletie processes of aerosol formation. Indeed, the
first sampling period (29 November-09 December) wharacterized by temperatures ranging

between -10°C and -1.5°C, while in the next sangpfieriod, the temperature was always above-

: Knulst et al., 2003;

: have

result in the expulsion of salts and particulatgaoic matter. In such conditions, near-surface

turbulence was increased, leading to an increaseatérial in the microlayer, where bubbles also

: have

o ‘[ Eliminato:

occurrences of fine aerosol formation in the atrhesp were observed during periods of lead

melting and refreezingOur first sample was collected whehe pack ice wasnelting and _ - { Eliminato:

In fact, the

refreezing, andndeedwe observed the highest concentration of total andnid in the fine/,/{Eliminato:

,,,,,,,,,,,, L Aot S S R it it el

of pack ice occurred

o ‘[ Eliminato:

have

aerosols.

The local marine source of the aerosols colleatettié coastal station MZS was also confirmed by
the distribution of amino acids in the differentripde fractions. Fig. 2 shows that the highest
concentration of amino acids (11342 fmof ms mean value, 98%) was generally observed in fine
particles (<1pm), while a much lower average vadfi€65 fmol m*(2%) for total amino acid
concentration was observed in the coarse fracttdrm). Our experimental evidence corresponds
to the enrichment of WSOC (e.qamino acids) in sea spray submicron particles destrby
O'Dowd et al. (2004) and Keene et al.(2007). WSQaevpresent in all aerosol size fractions, but
the greatest enrichment was associated with thdesnaize fraction (0.1-0.25 pm) (Keene et al.,

2007;Facchini et al., 2008b;Modini et al., 2010heTcorrelation between the increased enrichment
12
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thermodynamic prediction of bubble bursting proesasnder conditions in which the ocean surface
layer becomes concentrated with surfactant matesiaich, in addition to inorganic salts, can be

incorporated into sea spray drops (Oppo et al.9199

3.2 Freeamino acid determination in remote continental area

angseveral studiesFattori et al., 2005Jourdain et al., 2008; Becagli et al., 2012; Udgtial. N

W

molecules (e.gmethansulfonic acid). However, the amino acidsgpathad not been studied yet.!|
W

W

Fig. 4 shows the concentrations of amino acids Hoth field campaigns, demonstrating the
similarity between the trends and compositionefdnalyzed compounds. b
Ten amino acids (L-Ala, L-Arg, L-Asp, L-Glu, L-LeuGly, L-Phe, L-Thr, L-Tyr, L-Val) had il

concentrations above MDLs (SupplensgtTables S3 and S4) in all samples collected in bot\h
field campaigns. The concentration of D-amino agds always below MDLs, as also reported in‘{v}1

W
\

our coastal results.
\
|
\

Gly, L-Asp and L-Ala were the major amino acid camupds,and together accounted for about

80% of the total amino acid content.

The total average concentrations of these amindsatiove MDLs obtained from the sum of the

|

1

\\{ Spostato (inserimento) [7] ]

i

\[ Eliminato: In this sampling site,
- R [Eliminato: ; Fattori et al., 2005
‘[ Eliminato: which

Spostato in giu [7]: This location is
ideal for studying the chemical compositi
of "background" aerosols.

=}

Eliminato: The study of "background
aerosols" is very important to estimate the
impact of anthropogenic sources on the
atmosphere and to study the natural
phenomena that occur in atmospheric
aerosols. Dome C Station is situated on th
ice sheet in the Eastern Antarctic plateau
where the only possible anthropogenic
contamination can come from the station
itself, the airplane and the traverse used
supply it. This location is ideal for studying
the chemical composition of "background]'
aerosols. |

In this remote area, our samples were
collected during two consecutive austral
summer field campaigns (19 December
2011 - 28 January 2012 and 07 December -
26 January 2013) in order to evaluate the
size-distribution of amino acids
concentration and the variability between
two different years.

This location
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the 2011-2012 and 2012-2013 austral summer Antafieids (Fig. 4). To our knowledge, these

mean concentrations were the lowest concentratietscted in all investigated are@3orzelska

and Galloway, 1990Milne and Zika, 1993;Mace et al., 2003b;Kuznetseval., 2005;Matsumoto _ - { Eliminato: Scalabrin etal,, 2012, |

and Uematsu, 2005;Wedyan and Preston, 2008;Marigdalek al., 2010;Barbaro et al.,
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The background profile of amino acids was altergdthe higher concentrations in the coarse
fraction 1.5-0.95 um of the sample collected from32cember 2012 to 06 January 2013 (Fig. 4B).
Having evaluated the wind roses for each samptaartwo summer field campaigns, we consider
that these samples were the only ones to be comééeci by human activities at the Dome C station

(Supplemerdry Fig. S3).

the samples collected during both austral summepe&mns (Supplemesty Fig. S4 and S5).
During the Antarctic austral summer, the surfaceiision over the polar ice cap is relatively weak
and aerosols produced on the ocean’s surface ansptrted through the upper troposphere can be
easily mixed down to the surface(Cunningham andeZol981). There are also some mechanisms
of transport from the lower stratosphere to theempgpoposphere near the coast of the Antarctic
continent. The materials returning to differentre@s can be mixed into the upper troposphere, and
this air generally descends over the polar platdeanks also to the cooling of the latter's surface
During the summer, there is a continuous flux offam the upper troposphere(Cunningham and
Zoller, 1981;Stohl and Sodemann, 2010).

The analysis of the size distribution of amino a@dd of air masseSypplementarfig. 4, S4 and

S{) allowed us to identify the source of aerosols and sevemth@mnisms undergone by thQ:SE/{EIiminato: of the Supplement

o ‘[ Eliminato: permits

aerosols during long-range transport. Our resuligsst that amino acids were produced in the fine

particles on the surface of the Southern Ocean fipoivble bursting processes. The air masses

descending onto the ice sheet. These fine aerasttles can grow even further duri range - - Etiminato: the

o ‘[Eliminato: ageing process

transport by condensation of molecules from the gas pHaseollision of small and large particles
(coagulation) (Petzold and Karcher, 2012;Roigealgt2012) omore probabhbecause of the ice-
nucleting abitility of amino acids (Szyrmer and Zalzi, 1997). The concentration of amino acids
in the coarse particles of aerosols collected ah®€ had average values of 420 fmétl (Fig. 4)

for both field campaigns, while our coastal datd hanean concentration of 264 fmoF(Fig. 2).
14
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Eliminato: e explained by the ageing of
the aerosols.

chemical and ioniageactions(Milne and Zika, 1993; Noziére et al., 2007; Nogi@and Cordova, \{

Eliminato: ,

2008; De Haan et al., 200

ilne and Zika (1993)erified that amino acids are destroywad I

0 (N

Eliminato: the production and destructign

of specievia

S -
N <
N

Spostato (inserimento) [6]

reactions with photochemically formed oxidants sasthydroxyl radical to form products such as {

Eliminato: have

ammonium, amides and keto-acifowever, in the upper atmosphere, the chemicalgsses take _ -

Eliminato: McGregor and Anastasio
(2001)describe amino acids as highly
reactive species in the atmosphere.

Spostato in su [6]: Milne and Zika
(1993) have verified that amino acids are
destroyedsia reactions with
photochemically formed oxidants such as
hydroxyl radical, to form products such as
ammonium, amides and keto-acids.

S
~
~

9o N J

Eliminato: related to J

process, which is a removal mechanism for hydroghobganic compounds, is slower in Iarger\{

Eliminato: have ]

carbonaceous aerosols.

The aerosols collected at Dome C station were chexiaed by the prevalence of amino acids in the

Eliminato: . However,

Eliminato: s

: the

m
E
E
a
o

Eliminato: 2010-2011

Eliminato: In the present work,

amino acids in the coarse partigles. {

Eliminato: have

Depending on the physicochemical proprieties ofnamacids, an “hydropathy” index can be\T

Eliminato: at the MZS station near the
aerosols source

W\
\\{
\

Eliminato: |

estimated, as suggested by Pommie et al. (2004ndatids can be divided into hydrophilic (Asp,

Hyp, Glu, Asn, Lys, GIn, Arg), hydrophobic (Ala, Va.eu, lle, Met, Phe) and neutral (Gly, Pro,

\
\

the three different field campaigns. ‘

Fig. 5 shows that hydrophilic components were pradant in marine aerosols released into the

atmosphere, while hydrophobic compounds considgrialbteased in the aerosols collected at the,

Spostato in giu [1]: This evidence
suggests that hydrophobic amino acids
present in the coarse particles are less
reactive. Our hypothesis is confirmed by
the behavior of Ala. Ala is classified as
hydrophobic (Pommie et al., 2004) and it:
average concentration for the coarse
fraction at Dome C was 70 fmol‘inthe
same value quantified in the coarse fracti
in the MZS samples. This indicates that tl
coagulation processes with the relative
increase of Ala concentration in larger
particles are probably together with slow
oxidation processes. Thanks to this
phenomenon, Ala significantly contributes
to the amino acid content in these

' | “background aerosols”. {

continental station. The low abundance of hydrophaomino acids in coastal aerosols was |

Eliminato: for ]
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observed also by Mandalakis et al. (2011), andridbably caused by their lower tendency to
dissolve in the aqueous particles contained in tebagerosols. This classification permits to

hypothesize that a higher content in hydrophilidremmacids can reflect a higher water content in

the aerosols. This is a very important indicatibagause amino acids can be involved in cloud/{E""‘i“a“: Mandalakis et al., 2011;
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The comparisojpetween the&oncentratios of hydrophobic Alan the two sampling sites(MZS and
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Spostato (inserimento) [1]

Eliminato: This evidence suggests that
hydrophobic amino acids present in the
coarse particles are less reactive. Our
hypothesis is confirmed by the behavior gf
Ala. Ala is classified as hydrophobic
(Pommie et al., 2004) and its average
concentration for the coarse fraction at
Dome C was 70 fmol i) the same value
quantified in the coarse fraction in the MZS
samples. This indicates that the coagulation
processes with the relative increase of Ala
concentration in larger particles are
probably together with slow oxidation
processes.

”””””””””””””” “\‘
o
summer was about 36 hours (Suppleragnfig. S4) while in 2012-2013he time range wa$\\\

o‘\\

between 4 and 7 days (Supplensenfig. S5).A longer transportation time from the source to th\é

sampling site allowgor a chemical transformatioinrough photochemical reactiofrs take plage !
\ ﬂ\\\\

\ W
decreasing the concentration of amino acids andfgieg the composition where the more stahle\\\\\\

[
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With regard to the acid-base proprieties gf
amino acids, some differences can be
observed between two different types of
aerosols. As described above, the dominant
amino acid in the MZS aerosols was Arg,
which considerably contributed to the
percentage of base compounds (53%).
Neutral components, which represented an
important percentage (40% and 68% for
coastal and internal aerosols respectively),
were heavily influenced by the presence of
Gly. This amino acid is commonly presen|
in large quantities in the aerosols becausge of
a very low atmospheric reactivity (half time
of 19 days) (McGregor and Anastasio,
2001) and is usually considered an indicator
of long-distance aerosol transport (Barbaro
et al., 2011;McGregor and Anastasio,
2001). 1

i
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internal aerosols respectively), were heavily iaefloed by the presence of Gly. This amino acid is

(half time of 19 days) (McGregor and Anastasio, 20&nd is usually considered an indicator of

long-distance aerosol transport (Milne and Zik&®3:Barbaro et al., 2011).

The acid compounds (Asp and Glu) content showedissmaich between aerosols in the two
different stations: the negligible percentage ie ttoastal MZS (7%) was in contrast with the

important content in the aerosols of Dome C (33% 26% respectively for the two consecutive

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ These

field campaigns)Ihis evidence can be explained using a study condugté&tttori et al. (2005) in _- ‘{Eliminato:

1

) wJ wJ U

777777777777777 many
atmospheric reactions with neutralization procegsatso with an increasin theacid component as _ - { Eliminato: ingof
demonstrated in our studigs. the atmosphere, amino acids aresentin small quantities and it - - { Eliminato: such
canbe thought that they do not influence the pH absels Aerosob, howevercan influence the - - { Etiminato: might

o ‘[ Eliminato: but the a
chemical form of amino acids.
p { Eliminato: |

Measurements of free amino acids in aerosols wanducted on the Southern Ocean on the R/V
Italica from 13 January to 19 February 2012 (Fig. e sampling was performed using a TSP
sampler that collected particles with a diametevahl um.

The first and second samples represented the lraiskeen New Zealand (from Littleton harbor)

and,MZS (Antarctica), while the sixth and last séspvere collected durinthe journey between _ - { Eliminato:

the

o ‘[Eliminato:

characterized

Antarctica and New Zealand. Samples 3,4 and 5 wa@ltected on the Ross Sea near the Antarctic

- { Eliminato:

of the Supplement

Five L-amino acids (L-Asp, L-Arg, L-Glu, L-Phe, Lr®#) and Gly were present in the samples,

while other L; and D-amino acids had concentratiogiow MDLs (Supplementy Table S2). __—{ Etiminato:

amino acids

The total concentrations in free amino acids vabietiveen 2 and 12 pmolin
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The first and last samples had the highest coretéois in amino acids (Fig. 6), and their relative
sampling periods were characterized by temperatargging between -1° and 18°C (sample 1), in
contrast with the remaining sampling periods thatenalways below -1°C, with the lowest value
at-8°C (sample 4). While higher temperatures canilittte metabolic processes and accelerate
atmospheric chemical reactions, they can also pt@robble bursting from the sea surface. This

could be the main source of amino acids in ourlip-samples, as also demonstrated by the back-

trajectory analysis (Supplemeny Fig. S6a-g), where we demonstrated only a marifieence. - - Etiminato:

have J

o [ Eliminato:

(Kuznetsova et al., 2004) }

: closely J

As reported in the field report (Rapporto sulla pagna Antartica, 2012), the navigation from New
Zealand to the ice-pack region was characterizedibgs always above 30 knots, with maximum

values at 60 knots and 12 meters of wave heigh&rméning the higher concentration of amino

: better ]

(sample 7), we observed a slight reduction in trecentration of amino acids (8 pmofn

These values were very similar to those reportetaisumoto and Uematsu (2005) in the Pacific

Ocean and to thogeportedby Gorzelska and Galloway (1998)d Wedyan and Preston (2008) _ - - Eliminato:

v e e e e e AT e e e\

and

Wedyan and Preston (2008)}

the Atlantic Ocean.

The lowest concentrations were observed in sanzpéexl 6, probably due to the fact that they were

: a strong presence of ]

ice and by temperatures below -1°C, and wheretbéle bursting process was reduced.

The samples collected near the Antarctic coastfss18,4 and 5) were the most interesting ones
because the results could be compared with thecaatids values detected in the coastal station
MZS.

The average concentration in the samples collemetie Ross Sea was 3.5 pmof,rabout half of
the values detected in our Southern Ocean sanfplet. values seem similar to the concentrations
observed in the aerosols collected at the MZS astatmedian 5 pmol ). However, this

comparison is irrelevant: for the sampling campaigthe MZS, a cascade impactor was used to
18



847  collect aerosol samples with particle-size belowub®, whereas the data collected during the cruise
848 regarded aerosols with a particle diameter abouenl However, a comparison is possible if the
849  back-up and the fifth slotted filters are excluded.

850 In the MZS aerosols, the median value of the angioids concentration into the aerosols with
851 particle size between 0.95 um and 10 um was 1 priand this concentration was lower than the

852 ones measured in the cruise’s aerosols (3.5 pni)l Aerosols with a diameter above 10 pm,

853 ’ collected with a TSP samplerpuld be the main source of amino acids in the sampliéscted on - { Eliminato: can

854  the R/V ltalica.

855  Biological material present in the atmosphere caveha variety of sizes: the diameter of pollens
856 ‘ typically varies between 17-58 pm (Stanley and kims, 1974); that of fungal sporbstween 1-30
857 um (Gregory, 1973); that of algal spores betweerd2® um (Coon et al., 1972); that of bacteria
858 between 0.25-8 um(Thompson, 1981); finally, virusage diameters that are typically less than 0.3

859 um (Taylor, 1988).

860 ’ The back-trajectory analysis (SupplemagtFig. S6¢c-e) demonstrated that air massgsecfrom __ - { Eliminato: o

861 inland Antarctica, where no vegetation is presé&wi. this reason, the biological materials that
862 influenced the concentration of amino acids in Bbgrd aerosols can probably be attributed to
863  algal spores or bacteria. D-amino acids are goodrarkers of bacteria, because some of them are

864  contained in the peptidoglycan membrane(Kuznetebv\a., 2005;Wedyan and Preston, 2008), but

865 | in our shipboard samples mtectableconcentration of D-amino acids were observed, mtiig - { Eliminato: relevant

866 that the presence of bacteria was negligible.
867 In these samples, the presence of algal sporesawasconfirmed by the detection of Pro at 4%
868 (mean value) of the total concentration of aminwscFisher et al. (2004) measured the relevant

869  concentration of Pro in ascospores, demonstratiagthis amino acid can be used to identify the

870 | presence of sporgs in aerosols. In the MZS aerdb@presence of spores (typical diameter 15-120 Eliminato: presence

871 | um) could not be evaluated because the sampleinelied the particles above 10pm. This is- { Eliminato: used

872  probably the reason why Pro concentration was avajow MDLs.
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878  Asp was detected in only one sample (sample 5, avitoncentration of 502 fmol ™ This value is
879  very similar to those measured in the two field paigns above the Antarctic plateau, considering
880 only the slotted filter above 1 pum (446 e 382 fmwt respectively for the austral summer field

881 | campaigns 2011-12 and 2012-13). The back-trajectanglysis (Supplemesty Fig. S6e)

882 | demonstrated that, in the air mass coming from pa¢eau, aspartic acid wasgaedominant _ - { Eliminato: dominant ]

883 component of amino acid content.
884 In the aerosols collected during the cruise, thg Aoncentration was very low because the
885 sampling conducted in the R/V ltalica during thesteal summer 2012 excluded fine particles,

886 whereas Arg was one of the most abundant compabrgirved in the coastal station.

887 | The neutral components (77%) gained influence endthipboard datgarticles with diameter >1 - { Eliminato: ,

~~ { Etiminato: for which the

888 | pum), Gly was thepredominanttomponent, with concentrations ranging betweenah®b4.1 pmol { Eliminato:

-3 . . ) . \‘:\\ { Eliminato: were considered
889 m™. A very low percentage of hydrophobic amino ad@®%) characterized the aerosols collected*

{ Eliminato: dominant

) WU A

890 | on the ship, probable due to the major incidendb@focal source in the amino gcid content. - { Eliminato: s

891 4. Conclusions

892 | This first study on the size distribution of amiacids in Antarctia identified sources of marine
893 | aerosols in this region and characterized some icla¢@nd physical transformations taking place
894 | during the transport to the interior of the Antar@ontinent. _ -~ Eliminato: This first study on the
”””””””””””””” distribution of Antarctic amino acids
i o i i i i permitted to identify the marine source of
895 Marine emissions of fine particles occurreid bubble bursting processes on the surface of the | aerosols and to study the ageing of aerogols.
896 | Southern OcearAn jncrease in th@ercentage of amino acfdaction in the coarse particlggas /’{E""‘i"am: Instead, a )
777777777777777777777777777777777777777777777777777 o T\{\‘ { Eliminato: increas ]
897 | observedduring thelongrange transpogs verifiedat Dome C station. Numeroys chemicaid \:\\{ Eliminato: ing of )
\;\\ \\{ Eliminato: s ]
898 | photochemicakvents may contribute to decreasing the conceoirati amino acids in the fine)\, | Eliminato: enrichment of amino acids in
\\\\\ coarse particle
. . .y . \\\ A - -
899 | mode,and the chemical reactions were faster for hydrophsiampounds than for hydrophobic \\\{ Eliminato: occurred )
B \\\ Eliminato: “ageing” process ]
. . \
900 ones, as suggested by Ala enrichment in the agedals. " [ Etiminato: in )
N {Eliminato: photo ]
901 | The only presence of L-enantiomers of free amino acidg imta/ctic_aerosols suggests that { Etiminatos but )
. . i ) . ) . o Eliminato: the J
902 | planktonic particles (Kuznetsova et al., 20@0&yethe first sources of free amino acids in this area { Eliminato: was )
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most stable compounds, may be used as biogenicensark longrange marine aerosols. The back

trajectoy, analysis, demonstrated that the difference in taesport time of air masses inside - { Eliminato:
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Antarctica can modjfthe percentage of amino acids in the coarse festic _— { Etiminato:

=

he

h ‘[ Eliminato:

ed

o

The study of aerosols with diametet0 um indicated that bubble bursting processesatssmemit

microorganisms composed by a higher number of akainino acids.
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Figure captions

Figure 1. The sampling sites: the Italian base iMaucchelli Station” (MZS) (74° 42’'S — 164°
06’ E), the Italian-French base“Concordia Statigpome C) ( 75° 06’ S — 123° 20’ E) and the
track chart of the R/V ltalica.

Figure 2. Amino acid size distribution in the saesptollected during the austral summer 2010-11

at the Mario Zucchelli Station (Antarctica).

Figure 3. Distribution of chlorophyll concentrat®nn the Ross Sea for each sampling period
obtained through Aqua/MODIS NASA satellite.

Figure 4. Size distributions of amino acids conidn in the samples collected during the austral
summer 2011-12 (A) and during the austral summe22AB (B) at the ltalian French base

“Concordia Station” (Dome C).

Figure 5. Comparison between theme an percentafyégydoophilic, neutral and hydrophobic

contributions of the aerosols sampled at the Madcchelli Station and at Dome C.

Figure 6. Amino acid distribution in the aerosolampled on the R/V ltalica during the

oceanographic cruise on the Southern Ocean duragustral summer 2012.
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Figure 4. Size distributions of amino acids conidn in the samples collected during the austral
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“Concordia Station” (Dome C).
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Figure 5. Amino acid distribution in the aerosolampled on the R/V ltalica during

oceanographic cruise on the Southern Ocean duregustral summer 2012.
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