N

N

Organic molecular composition of marine aerosols over
the Arctic Ocean in summer: contributions of primary
emission and secondary aerosol formation

P.Q Fu, Kimitaka Kawamura, Jie Chen, Bruno Charriere, Richard Sempere

» To cite this version:

P.Q Fu, Kimitaka Kawamura, Jie Chen, Bruno Charriere, Richard Sempere. Organic molecular
composition of marine aerosols over the Arctic Ocean in summer: contributions of primary emission
and secondary aerosol formation. Biogeosciences, 2013, 10 (2), pp.653-667. 10.5194/bg-10-653-2013 .
hal-02000694

HAL Id: hal-02000694
https://hal.science/hal-02000694
Submitted on 31 Jan 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02000694
https://hal.archives-ouvertes.fr

Biogeosciences, 10, 65867, 2013 A ]
www.biogeosciences.net/10/653/2013/ ‘GG’ Biogeosciences
doi:10.5194/bg-10-653-2013 -

© Author(s) 2013. CC Attribution 3.0 License.

Organic molecular composition of marine aerosols over the Arctic
Ocean in summer: contributions of primary emission and secondary
aerosol formation

P. Q. Ful?, K. Kawamura?, J. Cher?, B. Charri ére?, and R. Semgré*

1state Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric
Physics, Chinese Academy of Sciences, Beijing 100029, China

?Institute of Low Temperature Science, Hokkaido University, Sapporo 060-0819, Japan

3SKLEG, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China

4Aix-Marseille Universié, Mediterranean Institute of Oceanography (MIO), 13288, Marseille, Cedex 9; Uréveusgud
Toulon-Var, MIO, CNRS/INSU, MIO UMR 7294, France

Correspondence td. Q. Fu (fupingging@mail.iap.ac.cn)

Received: 30 June 2012 — Published in Biogeosciences Discuss.: 8 August 2012
Revised: 1 December 2012 — Accepted: 19 December 2012 — Published: 1 February 2013

Abstract. Organic molecular composition of marine aerosol the photooxidation of-caryophyllene. This study indicates
samples collected during the MALINA cruise in the Arctic that primary organic aerosols from biogenic emissions, both
Ocean was investigated by gas chromatography/mass spefrom long-range transport of mid-latitude aerosols and from
trometry. More than 110 individual organic compounds weresea-to-air emission of marine organics, as well as secondary
determined in the samples and were grouped into differenbrganic aerosols formed from the photooxidation of biogenic
compound classes based on the functionality and source®OCs are important factors controlling the organic chemical
The concentrations of total quantified organics ranged fromcomposition of marine aerosols in the Arctic Ocean.
7.3 to 185ngm? (mean 47.6 ngm®), accounting for 1.8—
11.0 % (4.8 %) of organic carbon in the marine aerosols. Pri-
mary saccharides were found to be dominant organic com-
pound class, followed by secondary organic aerosol (SOAJL Introduction
tracers formed from the oxidation of biogenic volatile or-
ganic compounds (VOCs) such as isopremginene and Organic aerosols are ubiquitous in the marine atmosphere.
B-caryophyllene. Mannitol, the specific tracer for airborne Given the ocean’s extension, marine organic aerosols have
fungal spores, was detected as the most abundant organieceived increasing attention because they constitute one of
species in the samples with a concentration range of 0.052the most important natural aerosol systems at a global level
53.3ng M3 (9.2 ng nT3), followed by glucose, arabitol, and (O’Dowd and de Leeuw, 2007; Langmann et al., 2008). Ma-
the isoprene oxidation products of 2-methyltetrols. Biomassrine organic aerosols play major roles in the environmental
burning tracers such as levoglucosan are evident in all samissues related to global and regional climate, chemistry of the
ples with trace levels. On the basis of the tracer-based methodtmosphere, and biogeochemical cycling of nutrients such as
for the estimation of fungal-spore OC and biogenic sec-carbon and nitrogen (O’Dowd and de Leeuw, 2007). For ex-
ondary organic carbon (SOC), we estimate that an averagample, they influence solar irradiation directly by backscat-
of 10.7 % (up to 26.2 %) of the OC in the marine aerosolstering solar irradiation and indirectly by forming cloud con-
was due to the contribution of fungal spores, followed by densation nuclei (CCN) (Meskhidze and Nenes, 2006).
the contribution of isoprene SOC (mean 3.8 %) aRginene To fully understand the sources and molecular com-
SOC (2.9 %). In contrast, only 0.19 % of the OC was due toposition of marine organic aerosols is necessary to eval-
uate their impacts on climate. Marine organic aerosols
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comprise primary organic aerosol (POA) and secondary orile is known about the abundances of biogenic SOA trac-
ganic aerosol (SOA). Primary marine organic aerosols carers from the oxidation of isoprene (e.g., 2-methyltetrols) and
be produced from the interaction of wind with the ocean sur-a/8-pinene (e.g., pinonic and pinic acids) in the MBL (Fu et
face and results in the mechanical production of sea spragl., 2011), especially in the polar regions. During the polar
aerosols (Rinaldi et al., 2010). The best-known precursor osunrise season, the Arctic atmosphere can serve as a unique
marine POA is dimethyl sulphide (DMS) that is produced photochemical reactor influenced by marine-derived parti-
biogenically in the ocean. Sea spray aerosols are assumed ttes from the Arctic Ocean and continent-derived particles
enrich in organic matter when the marine surface is characand their precursors from the mid-latitudes in Eurasia or
terized by high biological activities (O’'Dowd et al., 2004). North America (Barrie, 1986; Quinn et al., 2007). During
A recent study (Schmitt-Kopplin et al., 2012) provides ev- summer, the Arctic atmosphere is isolated from lower lati-
idence that marine surface water via bubble bursting protudes by the polar front (Iziomon et al., 2006). Because cli-
cesses can produce a significant fraction of primary organianate change is proceeding fastest in the high latitudes (Law
aerosols that typically contain homologous series of oxo-,and Stohl, 2007), and the Arctic Ocean waters could be an
hydroxy-, methoxy-, branched fatty acids and mono-, di- andimportant source of Arctic aerosols in summer, there is an
tricarboxylic acids as well as monoterpenes and sugars.  increasing demand for better understanding the molecular

The atmospheric oxidation of volatile organic compoundscharacteristics and the sources of biogenic POA and SOA
(VOCs) emitted from the ocean can form SOA (O’Dowd in the summertime Arctic atmosphere.
and de Leeuw, 2007). Traditionally, the most studied SOA The objective of this study is to investigate the chemi-
component in the marine boundary layer (MBL) is methane-cal speciation of both POA and SOA in the MBL over the
sulfonic acid (MSA), which is formed from the oxidation southern Beaufort Sea, Canadian Arctic. More than 110 or-
of DMS. Other components such as organosulfates (sulfatganic compounds including aliphatic lipids, anhydrosugars,
esters of G—Cy3 hydroxyl carboxylic acids) can be consid- primary saccharides, lignin and resin acids, aromatic acids,
ered as marine SOA tracers for the oxidation of unsaturategholyacids, sterols, as well as polar organic tracer (e.g., 2-
fatty acids derived from marine algae (Claeys et al., 2010).methyltetrols, pinic acid, ani-caryophyllinic acid) for the
Meskhidze and Nenes (2006) proposed that SOA formatiorphotooxidation of biogenic VOCs have been detected in the
from the oxidation of phytoplankton-derived isoprene can af-marine aerosols. Their possible sources, formation processes,
fect the chemical composition of marine CCN and influenceand the contributions of different organic compounds to or-
cloud droplet number. Laboratory experiments (Ekstret  ganic carbon (OC) are also discussed.
al., 2009) have shown that 2-methyltetrols, tracers for iso-
prene SOA (Claeys et al., 2004), and related isoprene oxida- ,
tion products can increase CCN levels in the pristine maring? Materials and methods
atmosphere that is limited in CCN. In addition to the oceanic .

. ) . 2.1 Sample collection
emission of isoprene, recent shipboard measurements over

the South Atlantic Ocean have provided the evidence for MaThe France—Canada—USA joint Arctic campaign, MALINA
rine production of monoterpenes (Yassaa et al., 2008). Howgy a5 conducted in the southern Beaufort Sea, Canadian Arc-

ever, recent modeling studies suggested that the oceanic isq¢. in summer 2009. Total suspended particulate (TSP) sam-

prene and monoterpene sources are not significant enoug&es @ = 10) were collected on a two—three day basis us-

to control marine organic aerosols (Spracklen et al., 2008;ng a high volume air sampler (Kimoto AS-810B) aboard

Arnold et al., 2009; Gantt et al., 2009; Anttila et al., 2010). {4 icebreaker CCGEmundsern 3—25 August 2009. One
For example, Myriokefalitakis et al. (2010) proposed that fig|q pjank filter was performed by placing it in the sampler

the annual global marine SOA from isoprene and monotery, |ess than one minute without turning on the pump. All
pene oxidation was minor (0.1 Tgyh), compared to those samples were collected onto pre-combusted (456or 6 h)

. . 1 . .

from theloX|dat|on of DMS (4Tgyr") and marine amines a1t fiber filters (26« 25 cm, Pallflex 2500QAT-UP). The
(1Tg yro. ) . pump of the air sampler was switched on/off using a wind

Despite conS|derapIe advgnces in primary and secondargpeed £5ms1) and wind sector & 60°) controller system
marine aerosol studies during the last decade, the chemi, ay6id any potential contamination from the ship exhaust.
cal nature of marine organic aerosols remains poorly underggfore the sampling, filter was placed in a pre-combusted
stood, due to their diverse sources and formation mechanism@sooc for 6h) glass jar with a Teflon-lined cap during the
(O'Dowd and de Leeuw, 2007). Marine organic aerosolsangnort and storage. After the sampling, the filter was re-

are influenced not only by oceanic emissions of primary .qyered into the glass jar, transported to the laboratory and
aerosols and SOA precursors, but also by continental emisg;yred at—20°C prior to analysis.

sions through long-range atmospheric transport. So far, field
measurements concerning organic molecular compositions
of marine aerosols are limited (e.g., Simoneit et al., 1991,
Simoneit et al., 2004b; Fu et al., 2011). In particular, lit-
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2.2 Extraction and derivatization was punched for each sample. The punched filter was placed
in a quartz boat inside the thermal desorption chamber of the

For each sample, a filter aliquot (ca. 25%9mwas analyzer, and then stepwise heating was applied. The ana-

cut into pieces and extracted three times with lytical errors in triplicate analysis were within 10 %, and the

dichloromethane/methanol (2:1; v/v) under ultrasonicationlimits of detection (LOD) were 0.2 ug cm for both OC and

for 10 min. The solvent extracts were filtered through quartzEC. The levels of EC in the samples were generally below

wool packed in a Pasteur pipette, concentrated by the use ghe LOD and thus were not reported here.

a rotary evaporator, and then blown down to dryness with

pure nitrogen gas. The extracts were then reacted with 50 L ) ,

of N,O-bis-(trimethylsilyl)trifluoroacetamide (BSTFA) with S Results and discussion

1% trimethylsilyl chloride and 10 pyL of pyridine at 7C

for 3h. After reaction, the derivatives were diluted by the

use of 140 pL ofi-hexane with 1.43 ng ut! of the internal

standard (g n-alkane) prior to gas chromatography/mass During sample collection, the ambient temperatures ranged

spectrometry (GC/MS) injection. from —1.5°C to 9.2°C with an average of 30C. The
weather conditions during the cruise were mostly cloudy
and occasionally foggy with rare sunny conditions (Ta-

ble 1), while there were no rain/snow events during the
GC/MS analyses were performed on a Hewlett-Packards, myjing period. In order to determine where tropospheric
model 6890 GC coupled to Hewlett-Packard model 5973, 4rrived to the ship during sampling periods for each

mass-selective detector (MSD). The GC was equipped Withy g o5| sample, air-mass back trajectory analyses were con-
a spli/splitless injection and a DB-5MS fused silica cap- ycted using the NOAA Hybrid Single-Particle Lagrangian
illary column (30mx 0.25mm in diameter, 0.25um filM nveqrated Trajectory (HYSPLIT) modditp:www.arl.noaa.
thickness) with the GC oven temperature programmed fromy; iready/hysplit4.htr)l The trajectories were calculated
50°C (2min) to 120 °C at 15Cmin™* and then to 308C o the start-to-end points every 3h of each sampling pe-
at 5°Cmin—= with a final isotherm hold at 300 for  \joq 4t altitudes of 50, 100, and 200 m. As shown in Fig. 1, air
16 min. Helium was used as the carrier gas at a flow rate ofa5ses mostly came from the west and then passed over the
1.0mL min=. The sample was injected on a splitless mode arctic Ocean to the ship during 3-11 August when the sam-
with the injector temperature at 28C. The mass spectrome- \)Jles of QFF3352, QFF3354 and QFF3355 were collected.

terwas operated in the electron ionization (El) mode at 70 eV rr3358 3360 also showed similar trajectories, which were
and scanned in th/zrange 50-650. Data were acquired and mainly from the west direction. However, QFF3356 and

processed with the ChemStation software. GC/MS reSPONSBFE3357, as well as the last two samples (QFF3361 and

fgctors_were determined using authentic standards. For SOMBFF3362), were collected when the air masses mainly origi-
biogenic SOA tracers whose standards are not commerciallyaieq from the northeast, east and southeast directions. This
available, their concentrations were estimated by some sur especially true for the last sample (QFF3362), which

rogates (Fu et al., 2010). Recovery experiments Were pefgn,ved ajr masses were transported from northern Canada,
formed by spiking a certain amount of authentic Sta”dardslndicating an influence of continental aerosols.

onto pre-combusted quartz fiber filters and were analyzed

like real samples. Recoveries of all the standards were bet3 2  Organic compounds

ter than 80 % expect for polyacids and pinonic acid, whose

recoveries were around 60 % (Fu et al., 2009a; 2010). Th&Homologues of ten organic compound classes, e.,
field and the laboratory blank filters were also analyzed byalkanes, fatty acids, fatty alcohols, sugar compounds, lignin
the procedure described above for quality assurance. The rend resin acids, sterols, phthalate esters, hydroxy-/polyacids,
sults showed contamination levels are less than 5% of reahromatic acids, and biogenic SOA tracers, were detected in
samples for any species detected. All the data reported herthe marine aerosols with total concentration ranges of 7.3—

3.1 Meteorological conditions and air-mass back
trajectory analysis

2.3 Gas chromatography/mass spectrometry

were corrected for the field blank. 185 ng nT3 (mean 47.6 ng m®). Table S1 presents the con-
centrations of more than 110 organic compounds detected
2.4 Analysis for OC in this study. Figure 2 shows a typical GC/MS trace (To-

tal lon Current, TIC) for the major resolved organic compo-
Organic carbon (OC) and elemental carbon (EC) were denents of total aerosol extracts. Among the identified organic
termined using a Sunset Lab carbon analyzer, following thecompounds, sugar compounds, fatty acids and biogenic SOA
Interagency Monitoring of Protected Visual Environments tracers are the major compound classes, while the others are
(IMPROVE) thermal evolution protocol and assuming car- relatively minor (Fig. 3). Mannitol, a specific tracer for air-
bonate carbon in the sample to be negligible (Wang et al.porne fungal spores, was (on average) found to be the most
2005a). In brief, an aliquot®14 mm) of quartz fiber filter abundant single compound, followed by glucose, arabitol,

www.biogeosciences.net/10/653/2013/ Biogeosciences, 10,@582013
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Sample ID Back trajectories Cruise tracks
QFF3352 B
2 S Sample ID
QFF3354
3352
QFF3355
68
QFF3356
QFF3357 3354
3355
QFF3358 3356
QFF3359 A } ,‘
739 10w 135" 130°W 125°W 3357
QFF3360 3358
77°N
QFF3361 N = 3360
o ’ 3362
QFF3362 : by
50N e th i S .

125°W

160°W 140 120 100 140w 135 ° 130°W

Fig. 1. Five-day air mass back trajectories for each sample collected in the southern Beaufort Sea, Canadian Arctic, during the MALINA
campaign are shown on the left side; cruise tracks are presented in red. Enlarged cruise tracks for each sample are shown on the right side.

and di-(2-ethylhexyl)phthalate (Table S1); such a pattern ishat was collected near the seashore (Table 1 and Fig. 1),
different from those reported in urban aerosols (e.g., Wang esuggesting a terrestrial input. QFF3362 also contained a rel-
al., 2006), which were dominated by biomass burning tracerstively high level of OC.
and phthalates.

Generally, much higher levels of organics were found in3.2.1 Biomass burning tracers
the middle (13-15, August, QFF3357) and at the end (23-25, o ) _
August, QFF3362) of the campaign (Fig. 3) than other peri_B|omass_burn|ng isan |mportant source of atmospheric gases
ods. This trend is similar to the temporal variations of OC @nd particles on a regional and global scale. In the Arctic
contents (Table 1) and dicarboxylic acids in the same sam[€gion, biomass-burning aerosols are enhanced in winter—
ple set (Kawamura et al., 2012). OC in the marine aerosol$Ping due to long-range atmospheric transport from mid-
ranged from 0.11-2.93 pgCt (mean 0.56 pgC m?), be- latitudes in Eurasia and N_orth America (S_tohl etal., 2097; F_u
ing in accordance with those (0.11-1.4 pgC¥nreported in €t al.,_ 2099_&1). A recent aircraft observauon of forest fires in
the northern Indian Ocean (Nédif et al., 2002), and those the Siberiain sgmmer.found that the fire plumes can trar_lsp_ort
(0.06-1.7 ugC m3, mean 0.58 pgC ) in marine aerosols toward the.Arctlc (Paris et al., 2099). Levogl.ucosan, which is
collected during a round-the-world cruise in the low to mid- Produced in large quantities during pyrolysis of cellulose, is
latitudes in the Northern Hemisphere (Fu et al., 2011). Theconsidered as a key tracer for biomass burning (Simoneit,

highest level of OC was found in QFF3357 (2.93 ngim 2002). In the present study, concentrations of Ievoglt_;cosan
ranged from 0.01 to 0.93 ngTA (0.37 ng nT3), representing

Biogeosciences, 10, 65867, 2013 www.biogeosciences.net/10/653/2013/
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Fig. 2. A typical GC/MS trace (total ion current, TIC) for a total extract (trimethylsilyl (TMS) derivatized) of the aerosol sample (QFF3362)
collected in the Arctic Ocean. For abbreviations, see Table S1.

Table 1. Bulk and organic molecular data for marine aerosol samples collected during the MALINA cruise in 2009. Concentrations for
organic species are presented in rigim

Sample  Sample Sample Cloud Origin @hl ocC n-Alkanes n-Fatty acids n-Alcohols

No. D periods covét  of air mas® (mgL™1) (ugm=3) | LMW HMW LMW HMW LMW HMW | Leve? Mannitof  2-MTf
(C18-24) (C25-30) CPI® | (Cg29 (C2s-320 Ci8n/Cis0 | (C12-23) (C24-30)
1 QFF3352  3-5Aug MC-0 AK/AO 0.480.23 0.30 0.05 0.17 19| o087 0.16 0.5 0.27 0.16 | 067 32 0.18
2 QFF3354 5-8Aug  MC-O, fog AO 1.973.74 0.36 0.17 0.47 16| 23 0.33 0.2 1.1 028 | 093 0.05 0.31
3 QFF3355  8-11 Aug MC-O AO 0.090.035 0.36 0.19 0.33 17| 15 0.19 01 0.76 0.18 | 067 0.13 0.21
4 QFF3356 11-13Aug  MC-O NC 1.461.34 0.25 0.15 0.29 23| 28 0.13 1.4 2.9 070 | 0.14 1.7 0.57
5 QFF3357 13-15Aug MC-O,fog  NC/AO 1.641.33 2.93 1.1 3.4 15| 107 1.2 1.8 5.3 3.1 0.33 53.3 1.22
6 QFF3358 15-17 Aug PC-O A0 0.981.00 0.11 0.07 0.06 17| 086 0.03 0.9 1.1 011 | 006 0.29 0.20
7 QFF3359  17-19 Aug o AO 0.0250.003  0.23 0.04 0.14 17| 089 0.05 13 0.33 019 | 001 4.0 0.15
8 QFF3360 19-21Aug  MC-O AO 0.0720.02 0.20 0.06 0.08 18| 14 0.06 0.8 0.46 0.73 | 0.02 5.0 0.06
9 QFF3361 21-23 Aug c-0 NC/AO - 0.25| 0.07 0.17 21| 20 0.11 0.6 0.55 0.99 | 0.03 8.6 0.37
10  QFF3362 23-25Aug O, fog NC 0.#10.04 0.65 0.34 0.80 70| 94 0.95 3.9 4.0 3.0 0.80 15.5 28.4

2C: clear &0 to 5%); PC: partly cloudy (5 to 50 %); MC: mostly cloudy (50 to 95 %); O: overcast (95-100 %).

b Primary source regions for air-mass back trajectories: Arctic Ocean (AO), Alaska (AK), northern Canada (NC).

C CPI, carbon preference index: {G+Cp3-+Cos+Cp7-+Cog+Ca1+C33)/(Coo+Cos+Cop+Cog+Cao+C32+Cay) for n-alkanes.
d Levo: levoglucosan, a biomass-burning tracer (Simoneit, 2002).

€ Mannitol: a fungal-spore tracer (Bauer et al., 2008).

f 2-MT: 2-methyltetrols, the sum of 2-methylthreitol and 2-methylerythritol, which are isoprene SOA tracers (Claeys et al., 2004).

a background level over the southern Beaufort Sea, Canadiaimation ranges of dehydroabietic acid were 0.02—0.65n§m
Arctic. These values are similar to those (0.003-1.1ngm  with an average of 0.14 ngm. These values are higher than
found in the Canadian high Arctic aerosols collected at Alertthose (0.002—0.033 ngm) in the high Arctic aerosols that
(Fu et al., 2009a), where the level of levoglucosan was foundvere collected during winter—spring (Fu et al., 2009a). This
to be higher in winter than in spring. The isomers of levoglu- suggests that the influence of wildfires in the boreal conifer
cosan, galactosan and mannosan were also detected in tf@rests in Siberia and North America on the Arctic atmo-
samples (Table S1). These anhydrosugars were also detecteghere may be more important during summer—autumn than
in aerosols collected over the open oceans (Fu et al., 2011)winter—spring. Lignin is a wood polymer and, upon burning,
Such a low level of levoglucosan in the marine aerosols overyields phenolic acids. 4-Hydroxybenzoic acid is produced by
the Arctic Ocean should be explained by both wet/dry depo-burning of grasses and other non-woody vegetation, whereas
sitions and atmospheric dilution of aerosol particles duringvanillic acid is produced from both softwood and hard-
long-range transport. Further, levoglucosan may be possiblyvood (Simoneit, 2002). 3,4-Dihydroxybenzoic acid (proto-
removed by photodegradation through the reaction with freecatechuic acid) is an antioxidant that contains a polyphenolic
radicals such as OH (Hoffmann et al., 2010). structure. These phenolic compounds have been reported in
Dehydroabietic acid, a specific biomass-burning tracer ofsmoke particles and ambient aerosols (Simoneit, 2002). They
conifer resin, is often detected in urban, rural and marinewere detected at trace levels in the present study (Table S1),
aerosols (Simoneit et al., 2004b; Fu et al., 2011). The concenwhich are 1-2 orders of magnitude lower than those reported

www.biogeosciences.net/10/653/2013/ Biogeosciences, 10,@582013
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200 A homologous series of saturated fatty acidg<Gs2)
] were detected in the samples. Except fog, @hich is
an oxidation product of oleic acid (g1) (Kawamura and

: === bjogenic SOA tracers

| === aromatic acids

T 150 | | droxy-/polyacids Gagosian, 1987), a strong even carbon numper predomi-
g | — plastics nance was observed (GP1.9-8.0 for Gg—Cz2) with Crmax
£ | — sterols at G (Table S1). HMW fatty acidsXCy4) are derived from
_§ 100 o == ligninfresin acids terrestrial higher plant waxes, while low molecular weight
% ] — sugar compounds (LMW) fatty acids (<Cz3) have multiple sources such as vas-
3 1 = fatty alcohols cular plants, microbes and marine phytoplankton (Simoneit
§ 50 | — fatty acids and Mazurek, 1982; Rogge et al., 1993; Kawamura et al.,
] = malkanes 2003). For example, during the MALINA campaign, Rontani
1 et al. (2012) found that the total lipid extracts of sinking par-

ticles collected across the Canadian Beaufort shelf exhibited
a distribution of even-carbon number dominated fatty acids
ranging from G4 to Cys. The abundances of LMW fatty
acids down to g@were found in the present study, being sim-
ilar to those found in the Canadian high Arctic aerosols at
Alert (Fu et al., 2009a). Such a pattern should be caused by
the shift in gas/particle partitioning of LMW fatty acids due
to lower ambient temperature in the Arctic than in warmer
regions.
in coastal marine aerosols (0.5-9.0 ngin(Simoneit et al., In a previous study, Fu et al. (2009a) found that alkenoic
2004b). acids (e.g., Gs1) were not detected in the high Arctic
p—Sitosterol was also detected in the summertime ma-gerosols in winter—spring. They suggested that the Arctic
rine aerosols over the Arctic Ocean, ranging from 0.017 theroso|S were a|ready aged during |0ng_range atmospheric
0.69ng nT3 with an average of 0.15ng™. Itis presentin  transport from middle latitudes to the Arctic. Interestingly,
all vegetation and can be emitted into the atmosphere vignsaturated fatty acids (g1 and Ggo) were detected in
biomass burning (Simoneit, 2002)-Sitosterol was previ-  a|| the marine aerosols over the Arctic Ocean in summer.
ously reported in marine aerosols from the western North PaThey are major constituents of cell membranes in marine
cific duriﬂg the 1991 El Nio forest fire event that occurred in phytop|ankton and terrestrial p|ants] and can emit into the
Indonesia (Kawamura et al., 2003). In general, relatively low atmosphere directly from leaf surfaces of plants as well
levels of levoglucosan, dehydroabietic agfdsitosterol and a5 wood combustion (Fine et al., 2001). Oleic4© and
other lignin acids indicate that the contribution of biomass |inoleic (C1g2) acids are unstable and undergo photochem-
burning to the summertime Arctic aerosols should be minor.jcg| degradation in the marine atmosphere (Kawamura and
Gagosian, 1987), and thus have not frequently been detected
3.2.2 Aliphatic lipids in remote marine aerosols (Simoneit, 1977; Kawamura and
Gagosian, 1987; Bendle et al., 2007). Bendle et al. (2007)
n-alkanes (@g—Cz4) showed carbon number maximag{sx) proposed that the ratio of the unsaturated/saturaigdaity
at G7 with weak odd/even carbon number predominanceacids (Gg,/C1g0) could be a qualitative guide to the rela-
(carbon preference index, CPI, ranging from 1.5 to 2.3), ex-tive freshness of the organic matter in marine aerosol sam-
cept the last sample (QFF3362) that showed CPI up to 7.Qles. Higher ratios of ¢,/Cig0 were found in samples
(Table S1). CPI value is close to unity in anthropogenic associated with proximal terrestrial inputs (QFF3362 and
sources (e.g., petroleum), while it is around 10 in terres-QFF3357, Fig. 4), while lower ratios were recorded in sam-
trial higher plant waxes. Our results demonstrate that theples (QFF3354 and QFF3355) with air masses mainly origi-
marine aerosols studied were mainly influenced by fossilnated from the Arctic Ocean, suggesting that the lipid com-
fuel combustion except for the last sample, which was morepounds in the remote Arctic aerosols had longer atmospheric
likely affected by higher plant waxes. However, polycyclic residence times. Such an observation was in agreement with
aromatic hydrocarbons (PAHs) and hopanes, which are spghose in marine aerosols collected in the western North Pa-
cific tracers for fossil fuel combustion, were not detectablecific and Southern Ocean (Bendle et al., 2007). In addition,
in this study. Concentrations afalkanes (@s—Cs4) ranged  concentrations of linoleic acid were about ten times lower
from 0.14 to 4.5 ngmS. High molecular weight (HMW):- than those of oleic acid (Table S1), indicating thals.&
alkanes (Gs—Cz4) were up to 3.4ngm?3 in QFF3357, fol-  degrades more quickly tham&:, because polyunsaturated
lowed by QFF3362 (0.80ngni), suggesting an input of fatty acids are more reactive toward OH, p@dicals and
terrestrial higher plant leaf waxes (Eglinton and Hamilton, ozone.
1967).
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Fig. 3. Chemical compositions of organic compounds in the sum-
mertime marine aerosols collected during the MALINA campaign.

Biogeosciences, 10, 65867, 2013 www.biogeosciences.net/10/653/2013/



P. Q. Fu et al.: Organic aerosols over the Arctic Ocean 659

215 == 2-methylglyceric acid
© .
@ | -O- RatioofCyy/Cygy == C,-alkene triols
5 4 = HMW FA
2 ] = 2-methyltetrols
® 10 -| w— MW FA —
g 10 7 2100 —
o) i b ]
£ ] 8 80 =
c - c ]
S 5 -(g ]
= i c 60 -
= S 7
E ] S 40 -
e A o B
S 0 - = .
O T 20 -

K ]

0 _

QFF3352
QFF3354
QFF3355
QFF3356
QFF3357
QFF3358
QFF3359
QFF3360
QFF3361
QFF3362

QFF3352
QFF3354
QFF3355
QFF3356
QFF3357
QFF3358
QFF3359
QFF3360
QFF3361
QFF3362

Fig. 4. Variations of high molecular weight fatty acids (HMW
FA) and low molecular weight fatty acids (LMW FA) in the
marine aerosols collected during the MALINA cruise. Ratios of Fig. 5. Relative abundances of isoprene SOA tracers detected in the
Ci18./C1g0 are present in circles. marine aerosols.

Normal G o—Cgg fatty alcohols were detected in the ma- The maximum concentrations of mannitol were observed in
rine aerosols with a maximum atgor Cig. Their distribu-  QFF3357 and QFF3362 (Table 1). As discussed earlier, these
tions are characterized by even carbon number predominandg/o samples were heavily influenced by air masses from in-
(CPI = 2.9-17.8 for gp—Cgzp). Among the HMW species, land. In fact, mannitol was one of the most abundant com-
Cog was the dominant species (Table S1). The homologuepounds among all the measured organic species in the marine
<Cyp are abundant in soil microbes and marine biota, whileaerosol samples (Table S1 and Fig. 2), indicating an impor-
the homologues-C,4 are abundant in terrestrial higher plant tant contribution of terrestrial fungal spores to the summer-
waxes and loess deposits. Although biomass burning procedeme aerosols over the Arctic Ocean. This is reasonable be-
can emit a large amount of fatty alcohols and fatty acids intocause the majority of fungi have terrestrial habitats, in soils
the atmosphere (Simoneit, 2002), the contribution of biomas®r dead plant matter, while ocean is generally a weak source
burning to fatty alcohols in the marine atmosphere duringof spores (Burshtein et al., 2011;dlich-Nowoisky et al.,
the MALINA campaign should be minor, a point mentioned 2012), although fungal spores have been reported in marine
earlier in Sect. 3.2.1. Total concentration ranges of HMW aerosols near Antarctica @hlich-Nowoisky et al., 2012).
n-alcohols (G4—Czp) are 0.11-3.1ngm? (Table 1), with A good correlation was found between mannitol and inos-
maximum in QFF3357 and QFF3362. Similar patterns wereitol (R? = 0.87, p<0.01) in the marine aerosols, suggesting
also observed for HMW fatty acids and HMM&Valkanes (Ta-  a similar source. Ergosterol, which is a primary fungal mem-

ble 1). brane sterol and a specific biomarker for fungi (Lau et al.,
2006), correlated well with mannitolR? = 0.96, p<0.01).
3.2.3 Primary saccharides Arabitol and mannitol are both considered as specific tracers

for fungi (Bauer et al., 2008; Zhang et al., 2010), while a rel-
Primary saccharides consisting of glucose, fructose, sucrosatively weak correlationg? = 0.48, p<0.01) was observed
maltose and trehalose, as well as some sugar alcohols includbetween them. Different fungal species may contain differ-
ing glycerol, erythritol, arabitol, mannitol and inositol, were ent levels of arabitol and mannitol (Bauer et al., 2008). Such
detected in the aerosols over the Arctic Ocean (Table S1)a weak correlation between arabitol and mannitol may imply
Their concentrations ranged from 0.91 to 112 ngfrfmean  a high diversity of fungal spores in the marine aerosols that
24.5ngnT3). They are derived from numerous sources in- were emitted not only from the Arctic Ocean but also from
cluding microorganisms, plants and animals (Simoneit et al. terrestrial regions through long-range atmospheric transport.
2004a). They have been used as tracers for primary biological The concentrations of trehalose ranged from 0.01
aerosol particles (Graham et al., 2003) and resuspension @6 8.7ngnT3, which were higher than those (below
surface soil and unpaved road dust (Simoneit et al., 2004a)0.1 ngnT3) reported in the high Arctic aerosols collected
For example, arabitol and mannitol are tracers for airbornen winter—spring (Fu et al., 2009a). Trehalose is present in
fungal spores (Lewis and Smith, 1967; Bauer et al., 2008).a variety of microorganisms (fungi, bacteria and yeast), and
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Table 2. Summary of organic carbon concentrations (ugcn  inance of DEHP has also been reported in urban and rural

from biogenic primary emission (fungal-spore OC) and photochem-aerosols in China (Wang et al., 2006). The possible source of
ical formation (biogenic SOC) and their contributions in aerosol OC phthalates in the Arctic troposphere may be associated with

(%) in the marine aerosol samples. along-range transport from mid-latitudes and the subsequent
deposition on the snow/ice sheet. The high Arctic can actas a
Components range mean  std cold sink during winter. The deposited phthalates onto snow

and ice can be released into the atmosphere with an increase

Concentration (ngC m3 ¢ i X X
(ngCm) in ambient temperature during spring—summer.

Fungal spore OC 0.40-407 70.1 124

Isoprene SOC 0.80-193 230 59.8 3.2.5 Isoprene, monoterpene, and sesquiterpene SOA

a—Pinene SOC 1.9-104 20.8 383 tracers

B—Caryophyllene SOC  0.22-2.1 0.73 0.64

gﬂlr;t;;lsoc g;::fg 1411.56 igés Eigh'F compounds were identifigd as isoprene SOA trap—
ers in the aerosol samples, including 2-methylglyceric

Percentage in aerosol OC (%) acid, three G-alkene triols, two 2-methyltetrols (2-

Fungal spore OC 0.11-26.2 107 8.9 methylthreitol and 2-methylerythritol), aragis- andtrans-3-

Isoprene SOC 0.41-29.8 3.8 9.1 methyltetrahydrofuran-3,4-diols (3-MeTHF-3,4-diols). Con-

a—Pinene SOC 0.57-16.1 2.9 4.7 centration ranges of 2-methylthreitol and 2-methylerythritol

p—Caryophyllene SOC  0.07-0.51  0.19  0.13 were 0.034-9.4ngm (mean 1l.1ngm?®) and 0.026—

Sum of SOC in OC 11461 69 138 19.0ng nT3 (2.1 ng n13), respectively. These values are 1-3

Subtotal 14-645 176 187 orders of magnitude lower than those reported in urban and

forest aerosols in low to mid-latitudes (Wang et al., 2005b;
Kleindienst et al., 2007; Fu et al., 2010). However, the con-

a few higher plants and invertebrates (Medeiros et al., 2006)centrations of 2-methyltetrols in the marine aerosols col-
In the present study, the highest level of trehalose was foundected over the Arctic Ocean in August 2009 are higher than
in QFF3362, which is in accordance with that ofsG/Ci g0, those (mean 0.074 ngTA) reported in Canadian high Arctic
indicating a fresh biogenic source. Sucrose, fructose and gluaerosols collected during winter—spring (Fu et al., 2009b),
cose originate from plant materials such as pollen, fruits, anduggesting an enhanced emission of isoprene followed by
their fragments (Speranza et al., 1997; Baker et al., 1998photooxidation in summer. g=alkene triols, which are re-
Pacini, 2000). It should be noted that surface seawater alsported as photooxidation products of isoprene (Wang et al.,
contains a large amount of organics, ranging from small or-2005b), were detected in all samples with a concentration
ganic acids, sugars to large molecular weight proteins, whicifange of 0.005-1.9ngn¥ (mean 0.39ngm?) (Table S1).
can be emitted into the MBL through bubble bursting pro- 2-Methylglyceric acid (2-MGA) is possibly formed by fur-
cesses in remote oceans (Leck and Bigg, 2005; Facchini éher oxidation of methacrolein and methacrylic acid. The
al., 2008; Semgré et al., 2008; Hawkins and Russell, 2010; concentration range of 2-methylglyceric acid in the marine
Schmitt-Kopplin et al., 2012). However, the Beaufort Seaaerosols was 0.064—1.8 ng# (0.41ngnr3). Concentra-
was oligotrophic in summer with low levels of biological ac- tions of 3-MeTHF-3,4-diols were estimated using a surrogate
tivities during the MALINA cruise, which was characterized of meseerythritol due to the lack of authentic standards; their

with low levels of Chla (Table 1). values ranged from 0.001 to 0.070 ng#(0.013 ng n73),
which were much lower than that (27 ng® reported in
3.2.4 Phthalate esters one ambient Plls sample collected in Yorkville, GA, dur-

ing the summer of 2010 (Lin et al., 2012).
Phthalate esters (phthalates) are manufactured worldwide as The detected monoterpene oxidation products include
plasticizers and also used in cosmetics, lubricants, and othgsinonic acid, pinic acid, 3-hydroxyglutaric acid (3-HGA),
products (Thuren and Larsson, 1990). Dimethyl (DMP), di- 3-(2-hydroxyethyl)-2,2-dimethylcyclobutanecarboxylic
ethyl (DEP), diisobutyl (DiBP), diz-butyl (DnBP) and di-(2- acid (HDCCA), 3-acetylglutaric acid, 3-acetyladipic
ethylhexyl) (DEHP) phthalates were detected in the marineacid, 3-isopropylglutaric acid, and 3-methyl-1,2,3-
aerosols (Table S1). Their total concentrations were 0.79-butanetricarboxylic acid (MBTCA). Total concentrations of
12.4ngnT3 (2.6 ng nT3), which were higher than those re- monoterpene SOA tracers ranged from 0.44 to 24.1n§m
ported in the North Sea to high Arctic atmosphere (0.38—(4.8 ngn13) with the predominance of 3-acetyladipic acid
1.02 ng n73) during summer in 2004 (Xie et al., 2007). The (mean 1.5ngm®). The formation of MBTCA can be
dominant species is DEHP. This is reasonable because Xiexplained by further reaction afis-pinonic acid with OH
et al. (2007) reported the particle-bound fractions of phtha-radical (Szmigielski et al., 2007). Thus it has been con-
lates in the Arctic region during summertime increased withsidered as a higher-generation product. However, MBTCA
an increase in the molecular weight. In addition, the predom{mean 0.007 ngm?) was found to be a minor species

Biogeosciences, 10, 65867, 2013 www.biogeosciences.net/10/653/2013/



P. Q. Fu et al.: Organic aerosols over the Arctic Ocean 661

among the monoterpene SOA tracers. Such a phenomenon 40

was previously reported in aerosols over the remote Pacific i (@) 2-Methyltetrols ®
and Atlantic oceans, where MBTCA was also found to 20 1

be less significant than those in the coastal aerosols (Fu ]

et al.,, 2011), suggesting a relatively short atmospheric 0 o000 9090 0-0-0——
lifetime of MBTCA. g-Caryophyllinic acid, formed either 3 .

by ozonolysis or photo-oxidation gf-caryophyllene (Jaoui i (b) Cs-alkene triols

et al., 2007), was identified in all the samples, ranging from 1.5 ] 0] ®

0.005 to 0.048 ng m? (0.017 ng nT3).
In Figure 5, the relative abundance of isoprene SOA trac-

0 lecoce 000 ® |

ers shows that 2-methyltetrols are found as the major species mE 0.08 7 - ®
in the marine aerosol samples, followed by 2-methylglyceric > ] (c) 3-MeTHF-3,4-diols
acid and G-alkene triols, being similar to those in ma- = 0.04 - )

rine aerosols collected during a round-the-world cruise (Fu Ke) ]

et al., 2011). Figure 6a—d show the variation of isoprene © 0

SOA tracers among the marine aerosol samples with obvious % 3

different patterns, which may imply their different forma- e ]

tion processes and/or atmospheric fates. For example, cham- 8 1.5 ]

ber experiments have demonstrated that 2-methylglyceric ]

acid is formed under high-NQconditions, while the 2- 0

methyltetrols are mainly generated under lowsN€ndi- 5000

tions (Surratt et al., 2006). Paulot et al. (2009) reported that

gas-phase isoprene epoxydiols (IEPOX) that formed from the 2500

oxidation of isoprene hydroxyhydroperoxides (ISOPOOH)
are likely to be key intermediates for isoprene SOA under
low-NOy conditions. Recent studies (Surratt et al., 2010; Lin
et al., 2012) have shown that IEPOX reactively uptakes onto
sulfate aerosols to yield 3-MeTHF-3,4-diols, 2-methyltetrols,
Cs-alkene triols, dimers, and IEPOX-derived organosulfates.
Recently, 3-MeTHF-3,4-diols are proposed to be formed
; . o S
through the acid-catalyzed intramolecular rearrangement of 100
isoprene epoxydiols under low-NCQconditions (Lin et al., ™ 0
2012). THYTH
In a previous study, the concentration ratios gfalkene
triols to 2-methyltetrols were found to be0.10 in marine  Fig. 6. Concentrations of isoprene SOA tracers and aerosol acidity
aerosols over the open oceans (Fu et al., 2011), while theyheasured in the marine aerosols collected over the Arctic Ocean
were much higher (up to 0.66) over the coastal regions sucliuring the MALINA campaign in August 2009.
as off the California coast, in the Indian Ocean near India
and the South China Sea. The lower ratios in the pristine open
oceans are in agreement with the low ratie®(10) obtained  of sulfate loading (Fig. 6e), indicating an influence of aerosol
in laboratory experiments for the isoprene photooxidation inacidity.
the absence of NQ(Kleindienst et al., 2009). The low ratios ~ Aerosol acidity has been reported to have significant im-
obtained in remote marine aerosols and the presence-6f C pacts on SOA formation from the oxidation of isoprene and
bond in the structure of£alkene triols may suggest a signif- other biogenic VOCs (e.g., Surratt et al., 2007; Offenberg et
icant chemical decomposition during long-range transportal., 2009). In the present study, the aerosol acidity (Ziemba
In the present study, a large variation of the concentratioret al., 2007) was roughly estimated by {H= 2[8031_] +
ratios of G-alkene triols to 2-methyltetrols (0.02-1.3) was [NO3] - [NHj{], where the brackets represent ion concen-
observed with the largest value of QFF3357 (Fig. 7). Sur-trations in molar units that were measured using ion chro-
ratt et al. (2010) reported that relative humidity can affect thematography (761 Compact IC, Metrohm, Switzerland). As
concentration ratio of Galkene triols to 2-methyltetrols in  shown in Figure 6f, the [H] values ranged from 0.002 to
the absence of NO Although both QFF3357 and QFF3362 0.060 pmol n3. QFF3357 showed much stronger acidity
were collected during humid and foggy days with high levels than the other samples, which indicates that the aerosol acid-
of isoprene SOA tracer, a very low ratio was obtained for theity may enhance the formation ok@ilkene triols rather than
latter sample (Fig. 7). Such a pattern is consistent with thos@-methyltetrols in the pristine atmosphere over the Arctic
Ocean. Furthermore, aerosol acidity can favor the formation
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Fig. 8. Linear correlation between the concentrations of 3-MeTHF-

Fig. 7.Concentration ratios of isoprene SOA tracers measured in ‘[hé""d'o:S anltlj G-alkene t”°|hs measured in the summertime marine
summertime marine aerosols collected during the MALINA cruise aerosols collected during the MALINA cruise.
in the Arctic Ocean.

Cabhill et al. (2006), who proposed that 2-methyltetrols may
of 3-MeTHF-3,4-diols and 2-MGA (Fig. 6¢—d). Interestingly, arise directly from a similar biological source as sugars in ad-
a strong positive correlationRf = 0.95) was observed be- dition to the well-documented photochemical pathway. Fur-
tween 3-MeTHF-3,4-diols and scalkene triols (Fig. 8) in  ther, from Fig. 7 we can obtain an intriguing negative cor-
marine aerosols over the Arctic Ocean, which supports thaelation (R? = 0.41, p<0.01, n = 10) between the concen-
idea that both of them can be formed through the oxidationtration ratios of 2-methylerythritol to 2-methylthreitol and
of IEPOX under low-NQ conditions (Surratt et al., 2010; Cs-alkene triols to 2-methyltetrols, which warrants a further
Lin et al., 2012). study.

Two diastereoisomeric 2-methyltetrols (2-methylthreitol
and 2-methylerythritol) were first identified as oxidation 3.2.6 Other polar organic acids
products of isoprene in the Amazonian forest aerosols
(Claeys et al., 2004). Since then, these organic marker comSeven aromatic acids were detected in the marine aerosols,
pounds have been detected in ambient aerosols from differeribcluding three phthalic acids and four hydroxybenzoic acids
locations in the world (Hallquist et al., 2009 and references(Table S1). Their total concentrations ranged from 0.056
therein). Concentrations of 2-methylerythritol are generallyto 1.8 ngnm2 (0.37 ng n73). Phthalic acids have been pro-
1.5-2.5 times more abundant than that of 2-methylthreitolposed as a surrogate for the contributions of secondary oxi-
in ambient aerosols (Claeys et al., 2004; Cahill et al., 2006;dation to organic aerosols, although primary sources such as
Fu et al.,, 2010). Interestingly, rather lower ratios of 2- biomass burning and fossil fuel combustion cannot be ex-
methylerythritol to 2-methylthreitol (down to 0.76) were ob- cluded (Kawamura and Yasui, 2005; Kundu et al., 2010).
served in the summertime marine aerosols over the ArcticTheir isomeric composition was characterized by a predomi-
Ocean, ranging from 0.76-2.1 (Fig. 7). Such a variation in-nance of phthalic acid (Table S1), being consistent with those
dicates that the formation processes and/or the sources of thheported in continental aerosols (Wang et al., 2006).
two isomers varied with time and location; this also indicates Other hydroxy/polyacids including glycolic (hydroxy-
that one of the isomers may have a larger preference to atacetic acid), lactic, glyceric, malic, and tricarballylic acids
mospheric oxidative aging (i.e., heterogeneous reaction wittwere detected in the Arctic Ocean aerosols with the pre-
hydroxyl radicals) during long-range transport. Another pos-dominance of malic acid (Table S1). Glycolic acid is
sibility is that such a difference may be due to one isomericthe smallest-hydroxy acid. It is hygroscopic and highly
epoxide preferentially produced in the gas phase oxidatiorwater-soluble. The concentration range of glycolic acid was
of isoprene (Paulot et al., 2009). In addition, Ne® et  0.12—1.5ngm? (0.65 ng n73), which was lower than those
al. (2011) recently reported that 2-methyltetrols could be of(0.34—4.3 ngm?, 2.0 ng nT3) in wintertime Arctic aerosols
biogenic origin at a certain level. A good correlation between(Fu et al., 2009b). Polyacids such as malic acid are also con-
2-methyltetrols and sugar compounds was also reported bgidered as secondary oxidation products of precursor organic
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compounds. In addition, biomass burning can emit malic acid mmsm Photooxidation
and other dicarboxylic acids and/or their precursors into the mmmm Primary biological origin
atmosphere (Kundu et al., 2010). —— Plastics
] == Bjomass burning

3.3 Source strength of organic aerosols === |\arine natural background

. . . . . =mmm Terrestrial natural background
Based on previously studied emission profiles of organic
compounds (Schauer et al., 1996; Simoneit et al., 2004b) and 100 —
the above discussion, organic compound classes quantlfled»\ 1
in the marine aerosols from the Arctic Ocean can be roughly 3= 80 -
apportioned to five emission sources and one photooxidation a ]
product group as follows: (a) “terrestrial natural background” S ]
characterized by higher plant waxalkanes, HMW fatty S 60
acids and fatty alcohols; (b) “marine natural background” = 1
mainly reflected from LMW fatty acids, LMW fatty alco- | 40 .
hols, and cholesterol; (c) “biomass burning” characterized by @ 1
levoglucosan and its isomeysssitosterol, 4-hydroxybenzoic 5 20 4
acid, and lignin/resin acids; (d) “primary biological origin” © ]
characterized by primary saccharides and reduced sugars ]
well as ergosterol; and (e) “photooxidation” reflected by bio- 0 - N+ Lo N~ e o -
genic SOA tracers, aromatic acids, and hydroxy-/polyacids. B8 B8 8888 L8 S
LMW dicarboxylic acids that are also of photochemical ori- R e e O O O M e
gin and abundant in atmospheric aerosols were not included G666 6668686 &

in this study. According to the above-mentioned categories,

all the measured organic species were converted into theiFig. 9. Source strengths of organic species measured in the marine

carbon contents to calculate the relative abundances of eagterosols collected during the MALINA campaign.

category. As shown in Fig. 9, the most abundant group

was primary biological origin (9.9-66 %, mean 46 %), fol-

lowed by photooxidation (9.6—-40.2 %, 21.6 %), marine natu-20.8 ngC nr3). g-Caryophyllene—derived SOC was rather

ral background (8.3-34.0 %, 16.3 %), plastic emission (1.9-minor (0.22-2.1ngCm?, 0.73ngC nr3), only accounting

12.7 %, 8.3%), biomass burning (1.1-12.8 %, 4.3 %), andfor 0.07-0.51 % (0.19 %) of OC. In total, these biogenic pri-

terrestrial natural background (2.2-6.3 %, 3.6 %). Interest-mary emission source and secondary aerosol formation can

ingly, QFF3354 obtained the highest contribution to marinecontribute 1.4-64.5% of OC with an average of 17.6 %.

natural emissions; this sample was collected during the peSuch a low percentage suggests that the major portion of

riod when the biological activity was higher than other sam-marine organic aerosols in the Arctic Ocean is still not

pling periods as seen from Chl(Table 1). specified at a molecular level. The unknown portion may
In order to obtain further information on the relative abun- include oligomers, organosulfates, organic nitrates, amino

dances of organic aerosols from primary and secondargcids, humic-like substances, HMW organics such as pro-

sources, some tracer-based methods were used to estimdgins as well as other bioaerosols that are either from the

their contributions to aerosol OC. Here, the measured conecean surface water through bubble bursting or from long-

centrations of mannitol were used to calculate the con-range atmospheric transport.

tributions of fungal spores to OC (Bauer et al., 2008).

The measured biogenic SOA tracers were used to esti-

mate the secondary organic carbon (SOC) formed from4 Conclusions

the oxidation of isopreneg-pinene andg-caryophyllene

using a tracer-based method (Kleindienst et al., 2007). IfTen organic compound classes were measured in ma-

should be noted that such estimation might suffer from arine aerosols collected in the southern Beaufort Sea,

large uncertainty, a point that has been discussed in deCanadian Arctic. The identified organics (7.3—185ng'm

tails by Yttri et al. (2011a, b) and El Haddad et al. (2011). 47.6 ng nT3) were more abundant in the samples that were

As shown in Table 2, fungal-spore—derived OC, rang-influenced by air masses from northern Canada. Distribu-

ing from 0.40 to 407ngCm?, was by far the domi- tions of biogenic SOA tracers in the marine aerosols were

nant source, which accounts for 0.11-26.2% (10.7%) ofcharacterized by a predominance of isoprene @pinene

aerosol OC. For biogenic SOC, the isoprene-derived SOMxidation products, whilgg-caryophyllene oxidation was a

(0.80-193ngC m?3, mean 23.0ngC m) was comparable minor contributor. Total measured organic species accounted

with those of a-pinene—derived SOC (1.9-104ngCn for 1.8-11% (4.1 %) of OC, among which sugar compounds
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were the main contributor. By using a tracer-based methodBaker, H. G., Baker, I., and Hodges, S. A.: Sugar composition of

biogenic SOC can account for 1.1-46.1 % (6.9 %) of aerosol nectars and fruits consumed by birds and bats in the tropics and

OC. This is still lower than the contribution of fungal-  subtropics, Biotropica, 30, 559-586, 1998.

spore—derived OC, which on average accounted for 10.7 parie, L. A.: Arctic air pollution: an overview of current knowl-

of aerosol OC, highlighting the importance of primary bio- 5 edge;_IAtnglos. Env'\l/rlon\./, 20, 6‘:3_623' égﬁe' lor E. Weinke. G

logical aerosols in the MBL over the Arctic Ocean in sum- —adeh M., L1aeys, V., vermeylen, K., SChuetler, &., Weinke, &.,
L . Berger, A., and Puxbaum, H.: Arabitol and mannitol as tracers

mer. Similarly, the results of source apportionment sh at

. e o X for the quantification of airborne fungal spores, Atmos. Environ.,
the identified organics in the MBL over the Arctic O 42, 588-593, 2008.
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