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Oxidation products of biogenic volatile organic compounds
(BVOCs) (isoprene, monoterpenes, and sesquiterpene) were
investigated in the Canadian High Arctic aerosols using gas
chromatography-massspectrometry.Twelvespecificsecondary
organic aerosol (SOA) tracers and two hydroxyacids (glycolic
and salicylic acids) were determined. The total concentrations
ofR-/�-pineneoxidationproducts (e.g.,pinicand3-hydroxyglutaric
acids, 138-5303 pg m-3, average 1646 pg m-3) were much
higher than those of isoprene oxidation products (e.g.,
2-methyltetrols and 2-methylglyceric acid, 80-567 pg m-3, 300
pg m-3) and sesquiterpene (�-caryophyllene) oxidation
product (�-caryophyllinic acid, 9-372 pg m-3, 120 pg m-3).
Although the mean contribution of isoprene oxidation products
to organic carbon (OC) is very low (0.059%) compared to
monoterpeneoxidationproducts(0.29%), theyincreasesignificantly
up to 0.20% in early summer when photochemical activity
and atmospheric transport from North America are enhanced.
Temporal variations of SOA tracers of monoterpenes and
�-caryophyllene are characterized by a winter/spring maximum
and a summer minimum, being similar to those of OC and
EC. In contrast, the isoprene oxidation tracers such as
2-methyltetrols showed a peak in early summer. By using a tracer-
basedmethod,wefoundthatmonoterpenesand�-caryophyllene
are the major contributors to secondary OC from dark
winter to late May. However in early June, isoprene was
found to be the largest contributor among the three precursors.
This study demonstrates that photochemical oxidation of
BVOCs also contributes to the formation of OC and WSOC in
the Arctic atmosphere during late winter to early summer.

Introduction
Vegetation releases a large quantity of biogenic volatile
organic compounds (BVOCs), including isoprene, mono-
terpenes, sesquiterpenes, and oxygenated hydrocarbons
(1, 2). Evidence suggests that on a global scale, emissions of
BVOCs are 1 order of magnitude greater than those of

anthropogenic VOCs (3). Considerable efforts have been
devoted in the past decade to understand secondary organic
aerosol (SOA) formation from the photooxidation of BVOCs
(4-11), because SOA is an important component in the
Earth’s atmosphere acting to influence the atmospheric
radiation budget directly by scattering sunlight and indirectly
as cloud condensation nuclei (CCN).

The global emissions of biogenic terpenes and anthro-
pogenic hydrocarbons are both far lower than that of isoprene
(500-750 Tg year-1) (1). Despite its large flux, isoprene had
not been generally considered to be an SOA precursor due
to the high volatility of its known reaction products. Claeys
et al. (5) first identified two diastereoisomeric 2-methyltetrols
as oxidation products of isoprene in the Amazonian rain
forest aerosols. Since then, these compounds have been
detected in ambient air samples collected in different regions
from Finland (12), Hungary (13), the United States (14-17),
and China (18, 19). Photooxidation products of R-/�-pinene
and �-caryophyllene were also characterized in smog cham-
ber experiments and reported in ambient samples (7, 8,
18-21). These studies provide insights on sources and
processes that influence SOA production and their spatial
and seasonal distributions. However, to date, little is known
about the BVOCs oxidation products in photochemically aged
air (2), especially in the polar regions.

Arctic air pollution, known as the Arctic haze, is char-
acterized by a winter/spring maximum and summer mini-
mum (22-24). Arctic haze is a mixture of sulfate, ammonium,
nitrate, black carbon, and particulate organic matter. It also
contains relatively high levels of ozone precursors such as
nitrogen oxides (particularly in the form of peroxyacetylnitrate
(PAN)) and VOCs (22-24). During the polar sunrise season,
the Arctic atmosphere can serve as a unique photochemical
reactor influenced by marine-derived particles from the Arctic
Ocean and continent-derived particles and their precursors
from the midlatitudes in Eurasia or North America (22, 24).
Because climate change is proceeding fastest in the high
latitudes (23), and circumpolar vegetation is also showing
signs of rapid change, including an expansion of shrub and
tree coverage (25), there is an increasing demand for better
understanding of the molecular characteristics and the
sources of biogenic SOA in the Arctic atmosphere.

The purpose of this study is to characterize the SOA
tracers that are derived from atmospheric oxidation of
isoprene, R-/�-pinene, and �-caryophyllene in the Arctic
atmosphere, and to evaluate their contribution to aerosol
organic carbon. Some organic compounds including
aliphatic lipids, polyacids, and biomass burning tracers
(e.g., levoglucosan) (26) and water-soluble dicarboxylic
acids dominated by oxalic acid (27, 28) have previously
been reported in the Arctic aerosols.

Experimental Section
Aerosol Sampling. Total suspended particulate matter (TSP)
was collected on a weekly basis (total volume of ca. 18,000
m3) using a precombusted (450 °C, 3 h) quartz fiber filter and
high-volume sampler without any particle cutoff at Alert
(82.5° N, 62.3° W) in the Canadian High Arctic from February
19 to June 10, 1991 (26). The surface air temperature (mean)
during sample collection ranged from -33.5 °C in February
to -1.9 °C in June. The filters were stored individually in a
precombusted glass jar with a Teflon-lined screw cap in
darkness at -20 °C until analysis.

Analysis for Organic and Elemental Carbon. An aliquot
of quartz filter sample (disk diameter of 14 mm) was punched
off for the measurement of organic carbon (OC) and
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elemental carbon (EC) using a Sunset Lab carbon analyzer,
following the Interagency Monitoring of Protected Visual
Environments (IMPROVE) thermal evolution protocol and
assuming carbonate carbon in the sample to be negligible
(29). The sample was placed in a quartz tube inside the
thermal desorption chamber of the analyzer, and then
stepwise heated. The concentrations of OC and EC reported
here are corrected for the field blanks. Generally, duplicate
analyses of filter samples showed uncertainties of ( 10%.

Extraction and Derivatization. Filter aliquots (ca. 20 cm2)
were extracted 3 times with dichloromethane/methanol
(2:1; v/v) under ultrasonication for 10 min. The solvent
extracts were filtered through quartz wool packed in a Pasteur
pipet, concentrated using a rotary evaporator under vacuum,
and blown down to dryness with pure nitrogen gas. The
extracts were then reacted with 50 µL of N,O-bis-(trimeth-
ylsilyl)trifluoroacetamide (BSTFA) with 1% trimethylsilyl
chloride and 10 µL of pyridine at 70 °C for 3 h to derivatize
-COOH to TMS esters and -OH to TMS ethers. After the
reaction, derivatives were diluted with 140 µL of n-hexane
containing the internal standard (C13 n-alkane, 1.43 ng µL-1)
prior to GC-MS determination.

Gas Chromatography-Mass Spectrometry (GC-MS). GC-
MS analyses were performed on a Hewlett-Packard model
6890 GC coupled to a Hewlett-Packard model 5973 mass-
selective detector (MSD). The GC was equipped with a split/
splitless injector and a DB-5MS fused silica capillary column
(30 m × 0.25 mm i.d., 0.25 µm film thickness). The mass
spectrometer was operated in the electron ionization (EI)
mode at 70 eV and scanned from 50 to 650 Da. Data were
processed with Chemstation software. Individual compounds
were identified by comparison of mass spectra with those of
authentic standards or literature data (6, 7, 18-20). For the
quantification of glycolic, salicylic, cis-pinonic, norpinic, and
pinic acids, their GC-MS response factors were determined
using authentic standards, which were purchased from Wako

Pure Chemical, Aldrich, or Sigma. 3-Methyl-1,2,3-butanet-
ricarboxylic, 3-hydroxyglutaric, and �-caryophyllinic acids
were estimated using the response factors of pimelic, malic,
and pinic acids, respectively. 2-Methylglyceric acid, C5-alkene
triols, and 2-methyltetrols were quantified using the response
factor of meso-erythritol (19, 20). Field blank filters were
treated as the real samples for quality assurance. Target
compounds were not detected in the blanks. Recoveries for
the authentic standards or surrogates that were spiked into
precombusted quartz filters (n) 3) were 94( 2.6% for meso-
erythritol, 69 ( 6.3% for malic acid, 64 ( 5.9% for cis-pinonic
acid, 93 ( 2.3% for trans-norpinic acid, and 79 ( 2.3% for
pinic acid. The data reported here were not corrected for the
recoveries. Relative standard deviation of the concentrations
based on duplicate analysis was generally <10%.

Results and Discussion
OC and EC Concentrations. Concentrations of OC, EC, and
water-soluble organic carbon (WSOC) in the Canadian High
Arctic during the sampling period are summarized in Table
1. OC and EC concentrations ranged from 73 to 387 ng m-3

(average 254 ng m-3) and 2 to 161 ng m-3 (62 ng m-3),
respectively. WSOC contents (41-300 ng m-3, average 186
ng m-3) were determined by a high-temperature catalytic
oxidation method using a Shimadzu TOC-500 (30). Relative
abundances of WSOC in OC ranged from 39.9% to 89.1%
(69.9%).

Isoprene Oxidation Products. Six compounds were
identified as isoprene SOA tracers in the Arctic aerosols,
including two 2-methyltetrols (2-methylthreitol and 2-me-
thylerythritol), 2-methylglyceric acid, and three C5-alkene
triols (Table 1 and Figure 1). Concentration ranges of
2-methylthreitol and 2-methylerythritol were 1-112 pg m-3

(average 19 pg m-3) and 11-192 pg m-3 (55 pg m-3),
respectively. The levels of 2-methyltetrols are 1-3 order of
magnitudes lower than those reported in other studies

TABLE 1. Concentrations of OC, EC, WSOC, and Polar Organic Tracers Measured in the Canadian High Arctic Aerosols (n = 16)a

species mean SDb min max mean % OC mean % WSOC

OC 254 94 73 387 n.a.c n.a.
EC 62 48 2 161 n.a. n.a.
WSOCd 186 89 41 300 69.9 n.a.

tracers for isoprene SOA
2-methylglyceric acid 194 84 52 318 0.031 0.045
ΣC5-alkene triolse 32 35 5 148 0.009 0.016
2-methylthreitol 19 29 1 112 0.005 0.010
2-methylerythritol 55 47 11 192 0.014 0.024
subtotal 300 121 80 567 0.059 0.095
SOCisoprene

f (ngC m-3) 1.73 0.63 0.45 2.71 0.78 n.a.

tracers for monoterpene SOA
3-hydroxyglutaric acid 471 480 5 1447 0.061 0.077
cis-pinonic acid 69 23 38 108 0.021 0.036
norpinic acid 71 46 11 153 0.014 0.019
pinic acid 514 401 30 1357 0.103 0.139
3-methyl-1,2,3-butanetricarboxylic acid 647 786 5 2613 0.095 0.120
subtotal 1646 1567 138 5303 0.294 0.391
SOCmonoterpenes

f (ng C m-3) 7.67 7.16 0.64 24.4 2.54 n.a.

tracer for �-caryophyllene SOA
�-caryophyllinic acid 120 111 9 372 0.026 0.035
SOC�-caryophyllene

f (ng C m-3) 5.22 4.84 0.38 16.2 1.73 n.a.
total SOC (ngC m-3) 14.6 12.2 1.55 42.1 5.05 n.a.

hydroxy acids
glycolic acid 2002 1310 335 4273 0.227 0.318
salicylic acid 42 33 2 102 0.009 0.013
a Concentrations are in pg m-3, except for OC, EC, and WSOC (ng m-3). b SD: standard deviation. c n.a.: not available.

d From ref 30. e Three C5-alkene triols: cis-2-methyl-1,3,4-trihydroxy-1-butene, trans-2-methyl-1,3,4-trihydroxy-1-butene, and
3-methyl-2,3,4-trihydroxy-1-butene. f The total mass concentrations of SOC produced by isoprene (2-methylglyceric acid
and 2-methyltetrols were used), monoterpene, and �-caryophyllene were calculated using a tracer-based method reported
by Kleindienst et al. (50).
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(5, 12, 13, 16-19). C5-alkene triols, which are recently reported
as photooxidation products of isoprene (9), were detected in
all samples. The total concentration range of C5-alkene triols
was 5-148 pg m-3 (32 pg m-3), which are lower than those
reported in other studies from midlatitudes; e.g., a Californian
pine forest (3.47 ng m-3) (31), and Jülich, Germany (1.6-4.9
ng m-3) (20). They are much lower than those reported in
subtropical Hong Kong (∼50 ng m-3) (18). The concentration
range of 2-methylglyceric acid in the Arctic aerosols was
52-318 pg m-3 (194 pg m-3), which are also lower than those
reported previously for ambient aerosols (18-20, 31). This
compound can be formed by further oxidation of methac-
rolein and methacrylic acid, which are two major gas-phase
oxidation products of isoprene (6, 14, 32).

r-/�-Pinene Oxidation Products. The detected R-/�-
pinene oxidation products include cis-pinonic, norpinic, and
pinic acids, and two novel compounds that were recently
identified as 3-hydroxyglutaric acid (11) and 3-methyl-1,2,3-
butanetricarboxylic acid (MBTCA) (10). These species have
been used to evaluate the role of monoterpene oxidation in
the formation of SOA because monoterpenes contribute
about 35% of the global emissions of biogenic VOCs (32).

Pinonic, norpinic, and pinic acids have been observed in
smog chamber experiments (33-35) and reported in the
ambient aerosols (15, 20). They are produced by photooxi-
dation of R-/�-pinene via reactions with O3 and OH radicals
(4, 34-36). Concentrations of pinonic, norpinic, and pinic
acids in this study ranged from 38-108 pg m-3 (average 69
pg m-3), 11-153 pg m-3 (71 pg m-3), and 30-1357 pg m-3

(514 pg m-3), respectively (Table 1). Both 3-hydroxyglutaric
acid and MBTCA can be generated in smog chamber
experiments with irradiatedR-pinene in the presence of NOx

(10, 11). Concentration ranges of 3-hydroxyglutaric acid and
MBTCA were 5-1447 pg m-3 (471 pg m-3) and 5-2613 pg
m-3 (647 pg m-3), respectively.

�-Caryophyllene Oxidation Product. Among numerous
BVOCs identified, sesquiterpenes have been the least studied,
largely because their analysis is challenging given their high
reactivity and relatively low vapor pressure (37). However,
sesquiterpenes could be a major source of SOA because their
reactivity and aerosol yields are high (32, 38). �-Caryophyllinic
acid, formed either by ozonolysis or photo-oxidation of
�-caryophyllene (8), was identified in all the Arctic samples
(9-372 pg m-3, 120 pg m-3).

Hydroxyacids. Glycolic acid (hydroxyacetic acid) and
salicylic acid (2-hydroxybenzoic acid) were detected in the
Arctic aerosols. Glycolic acid is the smallest R-hydroxy acid.
It is hygroscopic and highly water-soluble. Interestingly, a
strong correlation was found between glycolic acid and
2-methylglyceric acid (R2 ) 0.94, Figure S1a), suggesting that
they have similar sources. Cahill et al. (31) also found such
an intriguing correlation (R2 ) 0.72) in the aerosol samples
collected in the Sierra Nevada Mountains of California. They
suggested that glycolic and 2-methylglyceric acids may be of
the same origin because these two compounds are structur-
ally very similar (see Figure 1a, m). It should be noted that
glycolic acid (335-4273 pg m-3, 2002 pg m-3) was ap-
proximately 10 times more abundant than 2-methylglyceric
acid in the Arctic samples, and vice versa in the Sierra Nevada
Mountain aerosols (31).

Few studies are available concerning hydroxybenzoic
acids (such as 4-hydroxybenzoic and 3-hydroxybenzoic acids)
in ambient aerosols, especially for salicylic acid (39). In spite
of its low solubility, salicylic acid is highly CCN active (40).
The concentration range of salicylic acid was 2-102 pg m-3

(average 42 pg m-3) in the Arctic aerosols. van Pinxteren and
Herrmann (39) detected salicylic acid (0.1 ng m-3) in one
PM10 sample collected in a rural site in Germany. One possible
source for salicylic acid is benzoic acid that may react with
hydroxyl radicals (41). Previous study reported surprisingly
high levels of hydroxyl radicals in the Alert aerosols (42).

Temporal Variations. Temporal variations of OC and EC
were characterized by two major peaks in late February and
late March. They then decreased toward summer (Figure 2).
Similar patterns were observed for organic compounds such
as aliphatic lipids, PAHs, and levoglucosan (26). This is
reasonable because during dark winter the Arctic acts as a
cold sink to receive continental air mass that contain aerosols
and their precursors emitted from the midlatitudes via long-

FIGURE 1. Chemical structures of the polar organic compounds
detected in the ambient aerosol samples collected at Alert,
Canadian High Arctic.

FIGURE 2. Temporal variations of OC and EC in the Arctic
aerosols.
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range atmospheric transport. Under stagnant conditions with
a lack of solar radiation, aerosol removal rates are minimized
(43).

Figure 3 presents temporal variations of the oxygenated
organic compounds. Norpinic, pinic, 3-hydroxyglutaric,
3-methyl-1,2,3-butanetricarboxylic, and �-caryophyllinic ac-
ids (Figure 3h-l) show temporal variations similar to those
of OC and EC. In contrast, concentrations of pinonic acid
varied significantly during the sampling period (Figure 3g).
Positive correlations between plant wax n-alkanes (odd
C25-C33) and monoterpene and �-caryophyllene oxidation
products were also found (Figure S1), indicating that these
polar organic tracers originate from higher plants and were
produced under the weak solar radiation condition on the
transport pathway from the midlatitudes to the Arctic.
Another possibility is that these SOA products are formed at
similar time scales. For example, MBTCA is a higher-
generation SOA product from R-pinene and a stable end-
oxidation product that may be formed at time scales similar
to the majority of the OC components.

The temporal variations of isoprene oxidation tracers
(Figure 3a-d) were substantially different from those of
monoterpene or �-caryophyllene tracers (Figure 3g-l). Cahill
et al. (31) also reported a poor correlation between mono-
terpene oxidation products and 2-methyltetrols in pine forest
aerosols. The patterns of 2-methyltetrols and C5-alkene triols
are characterized by a continuous increase from dark winter
to light spring and a sharp increase in early June (Figure
3a-c). Such an increase of isoprene oxidation products in
early summer may be caused by local and/or regional
emissions of isoprene from the open sea followed by

photooxidation. Isoprene emitted from marine algae could
be a significant precursor of SOA (44). The biologically active
waters of the adjacent seas and open oceans in the Arctic has
been proposed as a source of organic aerosols in summer
(45). This interpretation is supported by an increase in
methanesulfonic acid (MSA) in the same aerosol samples
(46). MSA is a photooxidation product of dimethylsulfide of
marine algal origin (47). Based on ionic composition and
stable carbon isotopic ratios of the Arctic aerosols, Narukawa
et al. (48) proposed an increased biogenic emission from the
surrounding open ocean in late spring to early summer in
the Arctic. Ding et al. (15) reported that the formation of
2-methyltetrols is mainly influenced by local emissions and
meteorology rather than a large scale (across the states)
transport. Alternatively, the sharp increase of isoprene
oxidation products in early June (Figure 3a-c) may be caused
by the shift of the source regions of the Arctic aerosols. Air
mass trajectory analyses have shown that in late May the air
masses mainly originated from the Arctic Ocean and North
Greenland, whereas in early June they mostly came from
North America across Baffin Bay (26), again suggesting a
marine input.

A good correlation between the concentrations of 2-me-
thyltetrols and C5-alkene triols (R2 ) 0.85, Figure S2) was
found in the Arctic samples. However, the concentration
ratios of C5-alkene triols to 2-methyltetrols varied from dark
winter to light spring (Figure S3), suggesting that their
formation pathways may be different. Wang et al. (9) reported
that these polyols are formed through diepoxy derivatives of
isoprene, which can be converted into 2-methyltetrols
through acid-catalyzed hydrolysis. On the other hand, the

FIGURE 3. Temporal variations of SOA tracers and hydroxyacids measured in the Arctic aerosols.
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formation of C5-alkene triols can be explained by acid-
catalyzed ring-opening of epoxydiol derivatives of isoprene
(9).

The temporal pattern of 2-methylglyceric acid (Figure 3d)
is different from those of 2-methyltetrols and C5-alkene triols
(Figure 3a-c) even though they are derived from isoprene.
Claeys et al. (6) pointed out that the formation of 2-meth-
yltetrols can be explained through acid-catalyzed reaction
of isoprene with hydrogen peroxide, while 2-methylglyceric
acid can be formed by further oxidation of methacrolein and
methacrylic acid, both gas-phase oxidation products of
isoprene, via acid-catalyzed reaction with hydrogen peroxide
in aqueous medium. Chamber experiments (49) demonstrate
that these polyols are mainly detected under low-NOx

conditions (below 1 ppb), while 2-methylglyceric acid is a
major product under high-NOx conditions (49). However,
these NOx conditions cannot explain our results because
higher NOx levels are expected in early summer by the thermal
decomposition of PAN that accumulates in the winter Arctic.
Alternatively, the positive correlations between 2-methyl-
glyceric acid and polyacids (glyceric and malic acids, Figure
S1) suggest that 2-methylglyceric acid may be derived from
nonisoprene sources or different formation mechanism,
which we cannot specify at this moment.

Contributions of Isoprene, r-/�-Pinene, and �-Caryo-
phyllene Oxidation Products to OC and WSOC. Mean
contributions of monoterpene oxidation products to OC and
WSOC (0.294% and 0.391%, respectively) are 4-5 times higher
than those of isoprene oxidation products (0.059% and
0.095%, respectively) (Table 1). The contributions of �-caryo-
phyllinic acid to OC and WSOC were 0.026% and 0.035%,
respectively. Figure 4 shows the contributions of individual
compound groups to OC and WSOC mass. We can conclude
that monoterpene SOA tracers contribute much more to
OC than glycolic acid, and isoprene and �-caryophyllene
SOA tracers. Although their mean carbon % is much lower
than that of monoterpene SOA tracers, the relative abun-
dances of isoprene oxidation products in OC and WSOC
significantly increased in early summer when photochemical
activity became high (Figure 4).

Estimated Contributions of Isoprene, r-/�-Pinene, and
�-Caryophyllene to Secondary Organic Carbon. Contribu-
tions of BVOCs to secondary organic carbon (SOC) were
estimated using a tracer-based method reported by Klein-
dienst et al. (50). Using the measured concentrations of tracer

compounds in the Arctic aerosols and the laboratory-derived
tracer mass fraction (fsoc) factors of 0.155(0.039 for isoprene,
0.231 ( 0.111 for monoterpenes, and 0.0230 ( 0.0046 for
�-caryophyllene (50), we calculated the contributions of these
precursor hydrocarbons to ambient OC. As shown in Table
1 and Figure 5, monoterpenes and �-caryophyllene are the
major contributors to SOC in February to May. The contri-
butions of monoterpenes and �-caryophyllene to SOC ranged
from 0.64 to 24.4 ngC m-3 and 0.38 to 16.2 ngC m-3,
respectively (Table 1). The isoprene-based tracers (2-me-
thylglyceric acid and 2-methyltetrols) were calculated to be
0.45-2.73 ngC m-3. These values are about 1-3 order of
magnitudes lower than those reported at Research Triangle
Park, southern U.S. (50), and Hong Kong, China (18). The
total SOC in the Arctic aerosols ranged from 1.55 to 42.1 ngC
m-3 (average 14.6 ngC m-3), which account for 0.78-11.8%
(5.05%) of the OC. Their temporal variations were character-
ized with a winter maximum, being similar to those of OC
and EC. Isoprene was found to be the largest SOC contributor
in early June when the air masses mainly originated from
North America. Kleindienst et al. (50) also reported that
isoprene was the largest contributor in the summer aerosols
collected at Research Triangle Park, NC.

In summary, we determined various atmospheric SOA
tracers for isoprene, R-/�-pinene, and �-caryophyllene in
the Arctic aerosols and found that the contribution of isoprene
oxidation products to OC was low during dark winter, but
gradually increased after polar sunrise to maximize in June.
Their contributions significantly increased in early summer
due to the enhanced photochemical activity and atmospheric
transport from North America and possibly from the Arctic
Ocean. However, the contributions of R-/�-pinene and
�-caryophyllene oxidation products to OC and WSOC were
found to maximize during late winter to early spring mainly
due to long-range atmospheric transport. This study dem-
onstrates that oxidation products of BVOCs can contribute
to WSOC in the Arctic aerosols by up to 1%. They could
further be oxidized to oxalic acid, which is a major WSOC
component (30). Since the detected oxidation products
represent only a small fraction of the likely oxidation products
from all BVOCs, the contribution from BVOCs oxidation
products to WSOC in the Arctic could be larger. Although we
used the aerosol samples collected in 1991, further study is
needed to characterize the seasonal and interannual varia-
tions of the SOA tracers using more recent aerosol samples

FIGURE 4. Carbon percentages of isoprene SOA tracers, mono-
terpene SOA tracers, sesquiterpene (SQT) SOA tracer (�-caryo-
phyllinic acid), and hydroxyacids (glycolic and salicylic acids)
in OC and WSOC in the Arctic aerosols.

FIGURE 5. Contributions of different hydrocarbon precursors to
secondary organic carbon (SOC), and the percentages of SOC in
ambient OC in individual samples.
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and to better evaluate the current impact of BVOCs on the
aerosol chemistry in the Arctic.
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