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the SEUS was estimated to be 0.15–0.50 GgC yr−1. Estimates of total and background SOA
from this study provide evidence that the SEUS is a region of global significance in the context

* Michael Link
linkmf@rams.colostate.edu
1

Department of Chemistry, Appalachian State University, Boone, NC 28608, USA

2

Department of Atmospheric Science, Colorado State University, Fort Collins, CO 80523, USA

3

Department of Physics, Appalachian State University, Boone, NC 28608, USA

4

Air Resources Division, National Park Service, Lakewood, CO 80235, USA

of global SOA budgets, and can be useful in understanding the extent of anthropogenic
enhancement of summertime SOA compared to background levels.
Keywords Secondary organic aerosol . Southeastern United States . Positive Matrix
Factorization . Aerosol mass spectrometry

1 Introduction
Significant uncertainties currently exist in global climate models, in part, resulting from a
limited understanding of the action of aerosol direct and indirect effects on the climate
(Hallquist et al. 2009; IPCC 2013). It has become known in recent years that organic aerosols
(OA) constitute a significant fraction of total condensed-phase material in the atmosphere
globally, and thus may serve a pivotal role in regulating global climate (Zhang et al. 2007a, b;
Jimenez et al. 2009; Slowik et al. 2010). The exact influence of OA on regional and global
climates remains uncertain not only because of their varied chemical compositions and
physical properties, but also because estimates of total OA loading to the atmosphere can be
highly variable (Ford and Heald 2013). The global OA budget is composed of contributions
from primary OA (POA), emitted from point sources and relatively short-lived in the atmosphere, as well as secondary OA (SOA) that is formed from nucleation processes, oxidation
reactions, heterogeneous and aqueous chemistry, and may ultimately represent the fraction of
OA with a significant influence in climate regulation (Kanakidou et al. 2005; Carlton and
Baker 2011).
Goldstein et al. (2009) suggested that a Bcooling haze^, composed of secondary organic
aerosol (SOA), in part caused by the influence of anthropogenic seed aerosol on the oxidation
of biogenic volatile organic compounds (BVOCs), is formed over the southeastern United
States (SEUS) during warm season months and is responsible for negative aerosol direct
radiative forcing at the top of the atmosphere during these months. In the past, isoprene has not
been considered to contribute as significantly to SOA production relative to monoterpenes and
sesquiterpenes (Liousse et al. 1996; Griffin et al. 1999; Kanakidou et al. 2005; Henze et al.
2006); however, other studies have found that isoprene can dominate regional VOC reactivity
in rural areas and its oxidation products may constitute more than 50 % of the measured SOA
mass (Riemer et al. 1998; White et al. 2008) in rural areas. An increasingly thorough method
for the characterization of SOA resulting from isoprene oxidation, including markers suggesting anthropogenic SOA enhancement, has recently been developed (Claeys et al. 2004; Lin
et al. 2013). Surratt et al. (2007a, b, 2010) were the first to identify unique isoprene oxidation
intermediates, such as isoprene epoxydiols (IEPOX), that form in both high nitrogen oxide
(NOx =NO2 +NO) and low-NOx environments, which increased the general understanding of
how aerosol acidity and atmospheric sulfuric acid play roles in isoprene oxidation chemistry.
Additionally, OA that has similar mass spectral signatures to IEPOX has been identified as
constituting the dominant fraction (33 %) of observed OA at an urban site in the SEUS
(Budisulistiorini et al. 2013). Emerging studies such as these demonstrate that sources of
biogenic SOA, particularly related to isoprene oxidation, could have significant influence in
global climate regulation (Carlton and Baker 2011; Robinson et al. 2011; Pye et al. 2013).
Currently, models account for the global atmospheric SOA burden and production through
two methods; bottom-up and top-down approaches (Goldstein and Galbally 2007; Heald et al.
2010; Spracklen et al. 2011). The bottom-up approach uses known or inferred VOC precursor

fluxes combined with laboratory data to estimate global SOA production at 50–90 TgC yr−1.
The top-down method uses atmospheric SOA measurements to constrain the fate of all VOC
precursor fluxes to SOA resulting in an estimate of 140–910 TgC yr−1 (Hallquist et al. 2009).
These discrepancies exist not only because of the differences between observed yields of SOA
from VOC oxidation in the laboratory and expected yields modeled in the ambient environment, but are also influenced by complex SOA formation mechanisms such as the Benhanced^
production of biogenic SOA (eBSOA) suggested to be catalyzed by anthropogenic pollutants
such as sulfur dioxide (SO2), NOx, and acidic seed aerosol (Hoyle et al. 2011). Recent
modeling work has suggested that approximately 50 % of observed SOA in the SEUS is a
formed as a result of the oxidation of isoprene (Liao et al. 2007), some of which is
anthropogenically influenced (Spracklen et al. 2011), so a background SOA estimation based
on measurements that constrain contributing variables provides context into which eBSOA can
be understood and estimated for the SEUS. Uncertainty in the extent of eBSOA production
demonstrates the importance of performing studies of ambient aerosol to not only reconcile
differences between measurements and models, but also to characterize major observable
contributions of anthropogenic input on the production of SOA. Additionally, with robust
estimates of SOA loading, or typical regional Bbackground^ fluxes, models can be further
constrained and used for the purpose of refining regional to global radiative forcing estimates.
The goal of this study was not only to characterize ambient aerosol and VOCs in a highelevation rural environment in the SEUS, but also to formulate an empirical estimate of
Bbackground^ SOA based on measurements made at a sampling site where the observed
atmospheric chemistry was regionally representative of the SEUS. Using concurrent aerosol
and gas-phase chemical measurements, this study characterizes SOA factors representative of
regional background SOA in the SEUS. These measurements are used to estimate annual
background SOA for the SEUS which could be useful for characterizing organic aerosol at
other sites in the SEUS such as those represented by the Southeastern Aerosol Research and
Characterization network (Hansen et al. 2003; Gao et al. 2006). This work presents data that
suggests a common mechanism controlling isoprene oxidation and SOA formation in the rural
SEUS, and provides a basis for which anthropogenically enhanced SOA formation in the
SEUS can be understood from the context of a regional estimate of background SOA.

2 Methods
2.1 Sampling period description
All measurements were made on the campus of Appalachian State University in Boone, NC
(36.21°N, 81.69°W, elevation 1100 m asl) at the Appalachian Atmospheric Interdisciplinary
Research facility (AppalAIR). The aerosol sampling line was identical to that described in
Kelly et al. (2012). Aerosol was sampled from a 34-m tower at AppalAIR that protrudes above
the surrounding forest canopy. The sampling flowrate into the main stack was 1000 L min−1
from which 150 L min−1 was diverted to five individual stainless steel sampling lines
(30 L min−1 each) within the facility. Sampling lines were heated at two points to keep air
samples at a relative humidity of less than 40 %. Air for VOC measurements was continuously
drawn through a 3/8-inch O.D. Teflon sampling line at a rate of 14 L min−1 from the top of the
tower.. The AppalAIR facility is located at one of the highest points in Boone, and is near a
crest of the southern Appalachian Mountains. As a result of its location, AppalAIR is exposed

to synoptic flow on all sides. The AppalAIR site is a forested site in which the dominant tree
species are deciduous varieties such as oak, birch and ash with some contributions of
coniferous trees such as fraser fir and red spruce. Aerosol chemical measurements were
acquired from December 19, 2012 to March 28, 2013, to represent the winter of 2013; and
June 3 to July 31, 2013, to represent the summer of 2013. VOC measurements were made
from June 15 to July 2, 2013.

2.2 Instrumentation
An Aerodyne quadrupole aerosol mass spectrometer (AMS) was used to measure size-resolved
mass distributions and mass loadings of non-refractory chemical components of submicrometer particles, including organics, sulfate, nitrate, and ammonium (Jayne et al. 2000;
Jimenez et al. 2003; Canagaratna et al. 2007). The AMS consists of three major components: a
particle beam generation inlet system, an aerodynamic sizing chamber, and a particle composition detection section. Aerosol particles enter the AMS through a 130 μm critical orifice
which limits the flow rate to ~150 ml/min. The particles are focused into a narrow beam (<1 mm
diameter) using an aerodynamic focusing lens (Liu et al. 1995a, b). The particle beam travels
across the vacuum sizing chamber, passes through a chopper for information on particle time of
flight, and is directed onto a resistively heated surface, where non-refractory chemical components of particles are vaporized and ionized with a 70 eVelectron impact ionization source. The
fragment ions are analyzed with a quadrupole mass spectrometer.
The AMS was operated in mass spectrum (MS)/particle time-of-flight (TOF) alternate
mode, however only data collected from the MS mode are reported here In the MS mode,
the AMS scanned the entire m/z range from 1 to 300 amu at 1 ms/amu with resolution of
1 amu, providing mass loading of all fragment ions less than 301 amu. Data for the mass
concentrations were averaged to 10 min. Calibrations were performed on site before the
sampling period and during the sampling period when the MS air beam signal decreased to
70 % of the reference value established at Aerodyne. Calibrations were performed using
monodisperse ammonium nitrate aerosols generated by an atomized solution dried in a
diffusion dryer.
From June 15 to July 2, 2013, whole air grab samples were collected hourly in 2-L electropolished stainless steel canisters which were pressurized to 30 psig using a single head metal
bellows pump (MB-302, Senior Aerospace, Sharon, MA). In total, 408 hourly canister samples
were collected from June 15 to July 2, 2013. Canister samples were returned to the laboratory
at Appalachian State University in Boone, NC and analyzed for a comprehensive suite of
VOCs. All samples were analyzed soon after the sampling period such that every sample was
analyzed within 1 week of sample collection. A total of 90 individual VOCs were quantified
from the canister samples using a five-channel, three gas chromatograph (GC) analytical
system that consisted of two flame ionization detectors (FIDs), two electron capture detector
(ECDs) and one mass spectrometer (MS). The gases measured included C2-C10 nonmethane
hydrocarbons (NMHCs), C1-C2 halocarbons, C1-C5 alkyl nitrates, reduced sulfur compounds,
and oxygenated VOCs (OVOCs) (Zhou et al. 2005). The analytical system and methodology
used for this study are similar to those used in previous studies (Sive 1998; Zhou et al. 2010;
Russo et al. 2010). The measurement precision, represented by the relative standard deviation
(RSD) of the peak areas for each compound in the whole air standards, was 3–15 % for
halocarbons, 1–8 % for the NMHCs, 3–8 % for the alkyl nitrates, 3–5 % for the sulfur
compounds and 8–10 % for the OVOCs.

2.3 Analytical methods
2.3.1 Positive matrix factorization calculations
Positive Matrix Factorization (PMF) has been applied successfully to AMS organic aerosol
datasets in order to characterize observed bulk OA (Lanz et al. 2007; Ulbrich et al. 2009a). The
use of this calculation in characterizing the sources of ambient aerosols has been pivotal in
elucidating organic aerosol lifetime in the atmosphere as well as anthropogenic influence on
SOA formation (Volkamer et al. 2006; Jimenez et al. 2009; Ng et al. 2010), and can be useful
in identifying the type of OA most representative of what would be expected of background
SOA. PMF calculations were applied to the AMS OA datasets to resolve factors contributing
to total observed OA. The structure of the PMF calculation has been extensively described in
the literature (Edgerton et al. 2003; Brown et al. 2011; Zhang et al. 2011), and will only be
briefly described here. The PMF analysis is a bilinear model that treats the AMS data as a
superposition of factors contributing to the total organic mass spectral features and concentration signal observed over time. The mathematical structure of the model is described
p

as orgi j ¼ ∑ tsip ms jp þei j where orgij is the entire organic data matrix consisting of i rows
p¼1

of time contributions and j columns of mass concentration values, tsip is the time series
contributions from a given factor p, msjp is the mass concentration contributions from a given
factor p, and eij is the residual data left as a result of the variance in the least-squares fitting for a
solution (Paatero and Tapper 1994; Paatero 1999). Solutions were chosen on the basis of
mathematical minimizations and physical interpretability (Zhang et al. 2011).

2.3.2 HYSPLIT clustering analysis
Air parcel 120-h backward trajectories were modeled using NOAA’s Hybrid Single Particle
Lagrangian Integrated Particle (HYSPLIT) model (Draxler 1999) to explore source region
contributions to observed chemistry for the summer of 2013. A total of 442 backward
trajectories were modeled starting from the coordinates of AppalAIR (38.2°N, 81.7°W), and
from a height of 500 m agl every 6 h from the dates of June 1 to August 15, 2013. Back
trajectories were grouped into similar source regions using the Bclustering^ analysis. Choosing
a solution to the cluster analysis has been described in detail (Taubman et al. 2006; Hains et al.
2008). The greatest change in total spatial variance was observed from the change to two and
six cluster solutions, so the six cluster solution was chosen to be most representative of source
regions during the sampling period.

3 Results and discussion
3.1 Distributions of VOCs
The measured VOC distributions were used to generally characterize the relative importance of
emission sources affecting the sampling site and to determine time periods representative of
regional background atmospheric composition. Characterization of VOC mixing ratios at the
AppalAIR site also provides gas phase chemical information into which the observed aerosol
chemistry can be put into context.

Variable mixing ratios were observed for the different chemical classes of VOCs
during the sampling period as shown by the subtotal ranges in Table 1. Among the eight
most abundant VOCs measured in this study were methanol, ethanol, ethane, propane,
acetone, isoprene, acetaldehyde, and MVK (Table 1). Mixing ratios of most of the
alkanes, alkenes, alkyl nitrates, methanol (MeOH), and ethanol (EtOH) were approximately distributed around the top 90th percentile of the total measurements from
June 20–23 (Fig. 1). As a result, summary statistics were calculated for both the entire
sampling period, and for the sampling period excluding this 3 day period of elevated
mixing ratios. Excluding this 3 day period decreased the RSDs for many compounds
suggesting that the observed mixing ratios of VOCs during this period may not be
representative of background VOC composition at AppalAIR. The RSDs for biogenic
tracers during the entire sampling period, including isoprene; α-pinene; β-pinene;
methocrolein (MACR); and methyl vinyl ketone (MVK), were all greater than that of
the RSDs for the subtotals of all other chemical classes suggesting that variability in
local chemistry is strongly influenced by biogenic emissions.
The OVOCs dominated the distribution of the total measured VOCs (64 %). The
mean OVOC mixing ratios observed in this study are consistent with the means of what
has been observed at another SEUS rural site (Riemer et al. 1998) and other rural sites in
the US (Schade and Goldstein 2001; Karl et al. 2003; Schade and Goldstein 2006; Jordan
et al. 2009) during the summer. The most dominant OVOCs, methanol, ethanol, acetaldehyde, and acetone, are known to be secondary products of hydrocarbon oxidation, but
many studies also have suggested they have significant biogenic primary sources
(Kesselmeier and Staudt 1999; Galbally and Kirstine 2002; Mao et al. 2006; Jordan
et al. 2009). The dominance of OVOCs suggests products of photochemistry and/or
biogenic emissions have a greater influence on the chemistry of the site than direct urban
emission sources.
All C2-C6 alkanes comprised 16 % of total measured VOCs by mixing ratio at the site.
Mixing ratios of observed alkanes were lower than what has been observed in most major U.S.
cities (Baker et al. 2008), but also in some southeastern national parks (Kang et al. 2003).
Important tracers for direct urban combustion and fuel evaporation emissions such as ethyne,
aromatics, and alkenes were observed to be, on average, several times lower than what has
been observed in many U.S. cities suggesting that direct urban emissions have minimal
influence on the VOC composition measured at the AppalAIR site. Kang et al. (2003) and
references therein reported mixing ratios, of the most dominant anthropogenic NMHCs
measured in this study that were often two to three times greater than observed at AppalAIR
or at national parks in the SEUS, including Mammoth Cave National Park, KY; Shenandoah
National Park, VA; and Great Smokey Mountains National Park, TN. The differences between
the values reported in Kang et al. (2003) and values observed at the AppalAIR site may be a
result of stricter federal and state regulations such as the Clean Air Act on industrial emissions
since the early 2000’s. Average magnitude of the mixing ratios of alkanes, alkenes, and
aromatics measured in this experiment were within the mean and standard deviation of what
was observed during the summer at two rural sites in New Hampshire (White et al. 2008;
Russo et al. 2010).
The biogenic hydrocarbons measured the compounds analyzed in this study were
limited to α-pinene, β-pinene, and isoprene. Isoprene concentrations rarely exceeded 3
ppbv. Values observed here for isoprene are much smaller than observed in a 1995 study
(Kang et al. 2003) that observed mean average mixing ratios of isoprene ranging from 6

Table 1 Summary Statistics of all measured VOCs sampled hourly between June 15–July 2, 2013
a

Total Sampling Period Mixing Ratios (pptv)

b
Mixing Ratios excluding June
20th–June 23rd (pptv)

Compound

Mean (SD) Median Range

% RSD Mean
(%)
(SD)

c

1.61 (0.78) 1.39

0.75–5.41

48

1.54 (0.85) 1.33

0.75–5.41

c

0.81 (0.60) 0.64

0.24–4.25

74

0.71 (0.37) 0.63

0.24–3.96

52

i-butane

71 (43)

61

16–398

61

67 (31)

62

16–218

46

n-butane
Cyclopentane

191 (145)
10 (7)

155
9

50–1,609
1–81

76
70

171 (75)
10 (6)

155
9

50–678
1–81

44
60

i-pentane

195 (220)

139

31–2,476

113

154 (100)

133

31–1,067

65

n-pentane

103 (100)

80

10–1,087

97

86 (49)

78

10–534

57

n-hexane
c
Total alkanes

21 (24)
16
2.99 (1.57) 2.57

1–334
114
1.28–12.73 52

18 (21)
16
2.74 (1.22) 2.45

1–333
1.28–8.28

118
45

Ethene

177 (112)

144

45–917

63

159 (90)

140

45–850

57

Propene

45 (30)

37

7–257

67

41 (25)

36

7–248

60

Trans-2-butene
1-butene

4 (6)
7 (5)

3
5

1–58
1–38

150
71

4 (2)
6 (4)

3
5

1–14
1–35

67
66

i-butene

17 (9)

15

3–74

53

16 (8)

15

3–74

48

Cis-2-butene

5 (15)

2

1–157

300

4 (17)

2

1–157

386

Total alkenes

443 (224)

382

163–1,894

51

225 (108)

201

163–1,216

48

Ethyne

192 (77)

175

63–608

40

172 (54)

161

63–589

31

Benzene

42 (17)

39

1–142

40

39 (13)

37

18–142

33

Toluene

57 (48)

43

13–339

84

46 (29)

39

13–325

64

Ethylbenzene
m+p-Xylene

8 (7)
19 (20)

6
13

2–59
2–157

88
105

7 (6)
15 (14)

6
12

2–59
2–157

78
88

o-Xylene

9 (8)

7

1–66

89

7 (6)

6

1–66

77

Styrene

6 (9)

3

1–118

150

5 (8)

3

1–118

162

Ethane
Propane

Median Range

% RSD
(%)
54

n-Propylbenzene

3 (4)

2

1–59

133

3 (4)

2

1–59

150

Total Aromatics
C2HCl3

144 (102)
1.1 (1.3)

115
0.7

42–874
0.2–18.3

71
121

121 (68)
1.0 (1.3)

106
0.7

42–874
0.2–18.3

56
135

C2Cl4

7.3 (3.9)

6.1

3.4–37.0

53

6.2 (2.4)

5.8

3.4–37.0

39

MeONO2
EtONO2

1.7 (0.4)
3.1 (0.8)

1.6
3.0

0.7–4.8
0.8–6.1

23
26

1.7 (0.4)
2.9 (0.7)

1.6
2.9

0.8–4.8
0.8–5.0

24
24

2-PrONO2

4.6 (1.4)

4.2

2.5–9.3

31

4.4 (1.3)

4.1

2.5–9.3

30

1-PrONO2

1.6 (0.6)

1.5

0.7–4.5

39

1.6 (0.6)

1.4

0.7–4.5

38

2-BuONO2

6.8 (2.8)

6.0

2.9–17.0

42

6.6 (2.9)

5.8

2.9–17.0

44

3-PenONO2

1.9 (0.8)

1.7

0.3–20

42

1.9 (0.8)

1.7

0.6–4.3

41

2-PenONO2

4.0 (2.0)

3.4

0.9–16.4

51.1

3.9 (2.0)

3.3

0.9–16.4

52

22.6

12.0–54.0

34.6

24.3 (8.3)

21.9

12.0–54.0

34

c

MeOH
c
Acetaldehyde

2.70 (1.81) 2.27
0.45 (0.35) 0.39

0.70–12.7
0.02–2.09

67
75

2.39 (1.39) 2.08
0.44 (0.35) 0.39

EtOH

214 (266)

0–2595

124

193 (257)

0–2595

133

c

2.32 (0.51) 2.25

1.28–4.51

22

2.31 (0.53) 2.22

1.28–4.51

23

MACR

188 (105)

5–679

56

187 (110)

5–679

58

Total alkyl nitrates 25.1 (8.7)

Acetone

138
172

119
169

0.70–12.66 58
0.02–2.09 79

Table 1 (continued)
a

Total Sampling Period Mixing Ratios (pptv)

b
Mixing Ratios excluding June
20th–June 23rd (pptv)

Compound

Mean (SD) Median Range

% RSD Mean
(%)
(SD)

Median Range

% RSD
(%)

MVK

225 (161)

189

5–999

72

219 (161)

180

5–999

74

MEK

250 (131)

232

53–841

48

251 (126)

229

53–841

50

c

Total OVOCs
Isoprene

6.33 (2.30) 5.92
743 (575) 582

0.39–15.70 37
1–3,375
77

5.96 (2.01) 5.63
762 (575) 593

0.39–15.63 34
22–3,375
75

α-pinene

23 (18)

20

1–139

78

23 (15)

20

1–139

65

β-pinene

25 (16)

21

1–104

64

24 (14)

21

1–104

57

a

Summary statistics presented here are for the entire sampling period

b

Summary statistics presented here are for the entire sampling period excluding 3 days representing a time where
polluted air influenced background chemistry from June 20th to June 23rd
c

Mixing ratios reported in ppbv

to 15 ppbv at SEUS national parks, but fell within the standard deviation of mean values
reported from other studies conducted during the summer at rural sites (Reimer et al.
1998; Apel et al. 2002; Jordan et al. 2009). Riemer et al. (1998) reported isoprene mixing
ratios between 2-3ppbv for daytime averages during the summer from a rural site in the
SEUS. Much of the variability observed in isoprene mixing ratios is a result of its typical
temperature dependent emission behavior. In contrast, monoterpenes were observed to
have average mixing ratios around 20 pptv with maximum observed values just above
100 pptv. Monoterpenes did not display distinct emission patterns which is expected
because their emissions respond to both light and temperature (Bertin et al. 1997;
Dindorf et al. 2006). Additionally, monoterpenes will also react with hydroxyl radical
and ozone more quickly than isoprene (Seinfeld and Pandis 2006) which may also
account for the observed variability in the monoterpene mixing ratios.
Mixing ratios of the halocarbons, tetrachloroethene (C2Cl4) and trichloroethene (C2HCl3),
exhibited variable mixing ratios throughout the campaign as expressed by the %RSD values of
63 %, and 136 %, respectively (Table 1). Tetrachloroethene, a commonly used dry cleaning
solvent, degreasing agent, and useful anthropogenic tracer (Simpson et al. 2004), had the
highest average mixing ratio of the measured halocarbons peaking around 25.0 pptv on the
evening of June 20 (Fig. 1). Trichloroethene, also a byproduct of anthropogenic activity, likely
had a high %RSD due to very low observed mixing ratios over the sampling period. This peak
C2Cl4 mixing ratio is greater than the reported average background northern hemisphere
values of 5–10 pptv (Simpson et al. 2004), although the mean value for this study falls within
that range (Table 1).
Alkyl nitrates are an important component of rural atmospheric chemistry because
they act as reservoir species that can be a significant source of NOx to NOx-limited
regions (Swanson et al. 2003; Russo et al. 2010). The dominant alkyl nitrates in this
study were 2-BuONO2, 2-PrONO2, and 2-PenONO2 with mean mixing ratios of 6.8, 4.6,
and 4.0 pptv (Table 1). The average mixing ratio for total C1-C5 alkyl nitrates, during the
entire sampling period, was 25±10 pptv. The observed levels during this study are
similar to what has been observed for alkyl nitrates in semi-rural and rural environments
(Blake et al. 2003; Russo et al. 2010).

Fig. 1 Time series for selected VOCs measured from June 15–July 2, 2013. The time period between June 20
and 23 (indicated by the shaded region) represents the period of pollution where elevated levels of NMHCs and
anthropogenic emission tracers were observed. Pictured from top to bottom is the time series for: a 2-butyl nitrate
(2-BuONO2), total alkyl nitrates (Total RONO2), tetrachloroethene (C2Cl4); b methanol (MeOH), ethanol
(EtOH); c a-pinene, b-pinene, isoprene; d methyl vinyl ketone (MVK), methyl ethyl ketone (MEK), methacrolein
(MACR), acetaldehyde, acetone; e benzene, ethane, ethyne, toluene, propene; f ethane, propane, i-butane, npentane, i-pentane

Analysis of VOC distributions indicates that the air quality of the AppalAIR site is influenced
episodically by regional urban emissions, but on average has the characteristic chemistry of a rural
environment with relatively low mixing ratios of non-biogenic NMHCs. Elevated mixing ratios of
NMHCs during the period between June 20 to 23 suggests that transport of air masses containing
urban emissions originating from backward wind trajectories associated with western air flow
may have influenced this period. Some of the most elevated NMHCs such as ethene and propene
have atmospheric lifetimes of approximately 1.4 days and 5.3 h, respectively (e.g. Seinfeld and
Pandis 2006; White et al. 2008) suggesting that these compounds, as well as some of the longer
lived elevated NMHCs such as propane and ethyne, have similar regional sources. The urban
emission tracer, C2Cl4, also displayed mixing ratio patterns that suggest episodic urban influences.
However, mean VOC mixing ratios were similar to other studies of rural environments providing
evidence to suggest that VOC chemistry observed at AppalAIR is representative of the regional
background a large fraction of the time.

3.2 PMF analysis of AMS data
The PMF calculations were performed for the summer 2013 as well as the winter of 2013. The
IGOR PMF GUI v2.06 was used (Ulbrich et al. 2009a). Mass-to-charge ratios (m/z) greater than
m/z 105 were excluded from the PMF calculation because of low signal to noise ratios. A three
factor (Fpeak=−0.4) solution for the summer of 2013 (Fig. 2), and a two factor (Fpeak=−0.5)
solution for the winter of 2013 (Figure S-2) were chosen as most representative of the chemical
composition of ambient OA for these times. Solutions were chosen on the basis of mathematical
convergence, stability in the difference between scaled residuals of solutions, factor correlations
with reference spectra, characteristic spectral signatures, synoptic influences, and temporal
distributions (Zhang et al. 2011). Solutions with a greater number of factors than the ones
chosen resulted in factors that either were uncorrelated with reference spectra (Ulbrich et al.
2009a, b, AMS Spectral Database), or included unrealistic spectral features such as the
disappearance of m/z 43 or 44. Solutions with less than the number of chosen factors showed
evidence of Bfactor mixing^ (Ulbrich et al. 2009a), and were determined to be unrealistic.
The concentration of total measured OA was on average 1.63±1.05 μg m−3. The PMF
calculations resolved factors of low-volatility oxygenated OA (LV-OOA), semi-volatile oxygenated OA (SV-OOA), and an isoprene derived OA (Isoprene SOA) that had mass spectral
features similar to that of the IEPOX factor for the summer of 2013. Factors comprised on
average 35±15, 42±17, and 23±13 % of the submicron OA for LV-OOA, Isoprene SOA, and
SV-OOA, respectively (Fig. 3). The LV-OOA factor had the largest m/z 44/43 ratio (Fig. 2),
which is characteristic of this factor and indicative of a high degree of oxidation because of the
abundance of CO2+ (m/z 44) fragments (Aiken et al. 2008). Additionally, this factor correlated
very well (r2 =0.98) with LV-OOA reference spectra from the AMS spectral databases as well
as the OOA-1 factor (r2 =0.91) from Borneo (Robinson et al. 2011) that was most similar to the

Fig. 2 Time Series and mass spectra for resolved PMF factors from June 3–August 2; SV-OOA (top panel),
Isoprene OA (middle panel), and LV-OOA (bottom panel)

Fig. 3 Resolved Boone PMF factor correlations with select reference spectra from online AMS spectral library
(http://cires.colorado.edu/jimenez-group/AMSsd/). Strong correlations include: Boone LV-OOA with the a LVOOA standard [Ulbrich et al. 2009a] and b Borneo OOA-1 [Robinson et al. 2011]; Boone SV-OOA with the c
Borneo 91fac [Robinson et al. 2011] and the d SV-OOA standard [Ulbrich et al. 2009a]; and Boone Isoprene OA
with the e Borneo 82fac [Robinson et al. 2011] and the f Atlanta IEPOX [Budisulistiorini et al. 2013]

LV-OOA reference. The SV-OOA factor resolved from the Boone dataset correlated well with
the reference spectra (r2 =0.88), but had a higher correlation coefficientwith the 91fac (r2 =
0.93) from Borneo. The 91fac from Borneo was suspected to be related to OA from biomass
burning, but the exact identity of this factor is not certain because no direct evidence
suggesting a relationship between the 91fac and biomass burning was presented when the
91fac was identified in previous work (Robinson et al. 2011). Additionally, there is no known
evidence of biomass burning contributing to the summertime OA observed at AppalAIR. The
91fac factor correlates well (r2 =0.84) with the SV-OOA reference spectra suggesting that the
spectral characteristics of these factors are chemically similar. The SV-OOA factor observed at
the AppalAIR site also exhibits a Bpicket fence^ like fragmentation pattern in which peaks
appear at m/z 43, 57, 71, 85 in decreasing abundance (Fig. 2) indicating a fragment in which a
–CH2+ group from a hydrocarbon backbone has been removed. These spectral features support
the fact that this factor is of a higher volatility than the LV-OOA factor as a result of the
hydrocarbon-like fragmentation (Huffman et al. 2009) which is indicative of a lower oxygen to
carbon (O/C) ratio than the LV-OOA factor. The isoprene SOA factor was identified primarily
through the appearance of a significant m/z 82 peak in the spectra which has been reported as a
tracer for isoprene SOA (Robinson et al. 2011; Budisulistiorini et al. 2013) as well as strong
correlations with the IEPOX factor (r2 =0.93) and 82fac (r2 =0.91) from Borneo. The isoprene
SOA factor was not identified in the winter dataset which is consistent with predicted low
mixing ratios of gas-phase isoprene as a result of temperature dependent emissions.
The results of the PMF calculations for the winter period were more challenging to interpret
than the results from the summer dataset. A two-factor solution was chosen to be most
representative (Figure S-2) resulting from the correlations of an LV-OOA factor (r2 =0.97,
LV-OOA reference spectrum) and a biomass burning OA (BBOA) factor (r2 =0.86, 91fac
spectrum and r2 =0.78, BBOA reference spectrum) with reference spectra. Solutions greater
than two factors were explored, but resulted in poor correlations and losses in interpretability

of spectral signatures. Similar correlations did result between the two factors with SV-OOA
and BBOA reference spectra which suggests that in the two factor solution there may be some
mixing of SV-OOA and BBOA factors into one factor. Variability in the episodic emission of
BBOA from local sources as well as the spectral similarity of BBOA to SV-OOA further
suggests that the BBOA factor in the winter two factor solution may not be as well defined as
the LV-OOA factor. However, the LV-OOA factor remained stable through the exploration of
four factor solutions suggesting that the identity of this factor, as interpreted, is stable. The
appearance of this factor in the summer and winter datasets in similar concentrations suggest
that it is representative of background SOA.

3.3 Cluster analysis
Frequency of backward trajectory contributions had an approximately even distribution among
all clusters (~20 %) except for the southern (cluster 1) and northern (cluster 6) clusters, whose
backward trajectories comprised 10 and 6 % of total modeled trajectories, respectively (Fig. 5).
Figure 6 shows the boxplot distributions of the PMF OA factors, as well as selected VOCs,
with levels categorized by source region identified by the cluster analysis. Ethane, propane,
and the halocarbons showed relatively consistent patterns of mixing ratios across all source
regions with the exception of markedly lower mixing ratios of ethane and C2Cl4 from the
southern cluster. However, tetracholorethene did exhibit a trend of increased mixing ratios
originating from the local northern cluster (cluster 5) (Fig. 4) which suggests that this region

Fig. 4 120-h backward trajectories clustered into source regions for the summer of 2013. Numbered trajectories
represent the mean trajectories for each cluster. 1 = south (S), 2 = southwest (SW), 3 = local (Loc), 4 = west (W),
5 = local north (LocN), 6 = north (NW)

may be a source of urban emission transport to AppalAIR. High mixing ratios of isoprene,
methanol, and ethanol were associated with the local northern (cluster 5) and western clusters
(cluster 4). The highest average mixing ratio of isoprene was associated with the southern
cluster (cluster 1). The greatest concentrations of isoprene SOA were associated with the
western and local clusters, whereas the concentrations of LV-OOA and SV-OOA only showed
slightly greater contributions from the local northern and northwestern clusters. If the 90th and
95th percentiles are considered to be indicators of elevated mixing ratios of isoprene and MVK
or elevated concentrations of isoprene SOA, elevated levels of isoprene, MVK, and isoprene
SOA have source signatures from regions associated with the LocN and W clusters. The sum
of the alkyl nitrates, displayed with the two most abundant alkyl nitrates measured, showed
mixing ratios from the southwestern and local northern clusters in which the top 90th
percentile of measurements extended to the highest end of the range of observed mixing ratios
(Fig. 5). Qualitatively this demonstrated that air masses transported from local north, and
occasionally west, are associated with periods of relatively high levels of VOCs and aerosols.
These general regions have been characterized by isoprene-rich biogenic VOC emissions
(Carlton and Baker 2011) and contributions of anthropogenic pollutants such as sulfur dioxide
and particulate matter from fossil fuel production (Goldstein et al. 2009).

3.4 ANOVA analysis
A one-way analysis of variance test (ANOVA) was performed on the chemical and cluster data
to determine if patterns of chemical loading had statistically significant association with a
particular source region. Least significant difference post hoc tests determined that the loading
patterns of compounds observed originating from some source regions were statistically
different from others (Table 2). Generally, urban, oil and natural gas, and combustion tracers
such as CHCl3, C2Cl4, m+p-xylene, toluene, i-pentane, n-pentane, and ethyne showed statistically significant (p<0.05) increases associated with the local northern cluster, whose mean
trajectory passed over Lake Erie and passed through the Ohio River valley industrial region.
This suggests that the Ohio River Valley industrial region may be a source of long-range urban
influence to the AppalAIR site. Air masses originating from the southern cluster showed
statistically lower mixing ratios of alkyl nitrates than from other source areas. Loading of the
Isoprene SOA from the local northern (LocN) showed the highest concentrations that were
significantly different from all source regions except from the northern cluster (NW). This
suggests that similar production mechanisms for this type of OA may be contributing to the
observed concentrations of this OA from these source regions. Although the LV-OOA factor
showed a statistically significant pattern of loading from the western cluster, the analysis
suggests that the mean value observed from this region was not of the lowest or highest of the
observed concentrations so this result does not violate the assertion that loading of this type of
OA is relatively homogenous across all source regions.

3.5 Air mass aging using RONO2 kinetics
The age of air masses was investigated to determine the influence of fresh emissions relative to
aged emissions using ratios of measured alkyl nitrates to their parent hydrocarbons. This
method has been used extensively in other studies (Bertman et al. 1995; Russo et al. 2010;
Swarthout et al. 2013). Details of these calculations can be found in the supplement to this
manuscript. These calculations were performed for ethyl nitrate (EtONO2), n-propyl nitrate (n-

Fig. 5 Aerosol and gas phase chemicals categorized by cluster (Fig. 4). In the box and whisker plots the solid
black line represents the median, the top and bottom of the boxes represent the 90th and 10th percentiles, and the
top and bottom whiskers represent the 95th and 5th percentiles, respectively. Represented are: a isoprene and
isoprene oxidation products, b ethane and propane, c 2-BuONO2, 2-PenONO2, and total alkyl nitrates, d select
OVOCs, e C2Cl4 and C2HCl3, and f resolved PMF factors

PrONO2), 2-propyl nitrate (2-PrONO2), 2-pentyl nitrate (2-PenONO2), and 3-pentyl nitrate (3PenONO2), which were all plotted against the ratio of 2-butyl nitrate (2-BuONO2) to its
parent hydrocarbon n-butane (Fig. 6). The alkyl nitrates that fit the theoretical curve
best were 2-PrONO2 and 2-PenONO2. Despite most of the alkyl nitrates either being
aggregated above or below the pure photochemistry curve, the distribution of the data
suggest that most of the air masses measured in this study contained compounds that
were between 1 and 3 days old, with a small fraction of air masses that were less than
a day old and slightly greater than 3 days old. This provides evidence that the
AppalAIR site experiences minimal influence from local chemistry and is more influenced by regional transport.

Table 2 Results of the ANOVA analysis of aerosol concentration and VOC mixing ratio variability with source
region
Compound

a
Statistically Different (p<0.05)
Loading Patterns from All
Clusters

b

LV-OOA
Isopene SOA

W
S SW LocN

SV-OOA

SW

Neither

Ethane

S

Neither

Ethyne

W LocN

Higher Higher

i-Pentane

LocN

n-Pentane

LocN

C2HCl3

LocN

Higher

C2Cl4
2-buONO2

LocN
S

Higher
Lower

Exceptions (p>0.05)
(main cluster – sub cluster)

(S-SW) (LocN-NW)

c
Statistically Higher or
Lower Loading Patterns
from all Clusters

Neither
Neither Neither Higher

Higher
(LocN-NW)

Higher

2-penONO2

S

Lower

Toluene

LocN

Higher

m+p-xylene

LocN

α-pinene

NW

(NW-Loc)

Lower

Higher

β-pinene

NW

(NW-Loc)

Lower

a

Species that were statistically associated with particular source regions

b

Non-significant difference of other clusters with the significantly identified cluster

Clusters that were classified as being Bneither^ higher or lower than the clusters were associated with average
concentrations that were in the middle of reported concentration ranges

c

3.6 Estimating the planetary boundary layer height
In order to calculate total SOA loadings, average summer daytime planetary boundary layer
(PBL) heights were computed using 48 individual radiosonde-generated profiles of temperature, relative humidity, and geopotential height during the summer of 2013. Most of the
radiosonde sampling occurred for the pre-convective and convective boundary layer, with
very little post-convective sampling. Studies have described most, up to 90 % or more, of
aerosol mass is contained within the PBL (Heald et al. 2005; Zhang et al. 2007a, b; Ford and
Heald 2013), so the measurement of PBL height was considered necessary for calculating
background SOA. To determine the PBL height from specific humidity profiles, the location of
the negative of the maximum gradient was used, as this indicates the transition to the free
troposphere. The slope was computed within a fixed window and iterated with a higher
starting height, continuing up throughout the profile (Compton et al. 2013). In addition, the
boundary layer height was found from virtual potential temperature profiles using the positive
maximum gradient, which is the vertical location of the capping temperature inversion to the
PBL (Seidel et al. 2010). Temperature inversions were also specified by the radiosonde
software for some profiles and used in PBL height analysis. Average daytime PBL heights
and standard deviations (±1σ) over June, July and August produced from the different
estimation methods were 1590±588 m agl and 1603±603 m agl for the virtual temperature
and specific humidity methods, respectively (Figure S-1). Similarity in the average PBL values
and spreads for the virtual temperature and specific humidity methods suggest these two

Fig. 6 Alkyl nitrate air mass photochemical aging analysis. Ratios of observed alkyl nitrate to parent hydrocarbons are plotted along a curve (black dashed line) that represents the ratios expected of these compounds after a
given time of photochemical processing. The red, green, blue, and purple dashed lines represent 1, 2, 3 and
4 days of photochemical aging repsepectively. Each alkyl nitrate to parent hydrocarbon ratio is plotted with
respect to the most abundent alkyl nitrate, 2-butyl nitrate

methods may produce reliable estimates, so the lowest of the these two values was assumed to
be the lower bound on the measured summer daytime PBL height at the AppalAIR site.

3.7 Assessment of regional representation
The AppalAIR site was determined to be regionally representative of the aerosol chemistry of the SEUS based on chemical, synoptic, and optical evidence. The results in
Section 3.1 indicated that the VOC chemistry over the summer showed minimal urban
influence, and the mixing ratios of many VOCs did not vary significantly. Analysis of
chemical concentration patterns with respect to synoptic variability in Section 3.3 also
showed that the aerosol and gas-phase chemistry observed during the sampling periods
displayed a generally homogeneous distribution across all source regions, with some
minor exceptions. Additionally, the alkyl nitrate analysis presented in Section 3.5 suggests that many of the sampled air masses were 1–3 days old, suggesting that regional

transport has a greater impact on VOC chemistry at AppalAIR relative to other sites
(Russo et al. 2010; Swarthout et al. 2013). Together, these pieces of evidence suggest
that the VOC and aerosol chemistry observed at AppalAIR is mostly representative of
the SEUS regional background.
As an additional test of regional representativeness, we applied 8 years of Moderateresolution Imaging Spectroradiometer (MODIS) AQUA Level 3 globally-gridded aerosol optical depth measurements, (1° × 1°) centered above Boone, NC, in addition to
quality-assured, daily-averaged temperatures from all SEUS Automated Surface
Observing System (ASOS) meteorology sites, obtained from the NC CRONOS
(Climate Retrieval and Observations Network of the Southeast Database) database.
The first analysis of regional representation sub-divided the SEUS into nine pixels
(Fig. 7) each of which were approximately 2° × 3° and the aerosol optical depth (AOD)
and temperature data was further spatially-averaged at this resolution. Pixel-averaged
AOD and daily-averaged surface temperatures for each day over an 8-year period for
all days with at least two AOD measurements in a given pixel were correlated
according to Eq. 1.
AODðT Þ ¼ αexpβðT −T o Þ

ð1Þ

The fit parameter α is a measure of aerosol loading (which can vary over the region
even if the aerosols are of the same type) while β is a measure of the degree to which the
exponential dependence of temperature, T, on AOD holds. This analysis relies on the
assumptions that seasonal variability in SEUS aerosol loading is dominated by SOA and
that the AOD obeys the same exponential dependence on temperature as BVOC precursor gases (Henze et al. 2006; Goldstein et al. 2009). The degree to which this assumption
holds was next determined for each SEUS pixel through a linear regression of ln(AOD)
versus T−To, where α and β are the slope and intercept of the linear regression and To =
0 °C. The region over which β and R2 correlation values were similar to those measured
above Boone, NC was estimated to be the area over which AppalAIR aerosol measurements were representative of the regional aerosol type (Table S-1). The correlation and
slopes are similar for all nine pixels. The β values for all but pixels 1 and 4 are within
30 % of those reported in previous literature (Goldstein et al. 2009).

Fig. 7 Numbered pixels (approximately 2°×3°) for which the dependence of AOD on temperature
had correlation properties similar
to that of the Boone area

3.8 Calculation of the background SOA estimate
The LV-OOA fraction of the total observed OA was used to represent background SOA
because of the highly oxidized, Baged^ character of this factor. The individual constituents of this factor are generally thought to be processed to the extent that the identification of the origin of the aerosol cannot be determined accurately (Jimenez et al. 2009).
Estimates were formulated by first partitioning the SEUS into two volumes by multiplying the constrained area by the measured PBL (Section 3.6), to serve as a lower bound in
which SOA would be expected to be contained, as well as an estimated 2.4 km agl PBL,
to serve as an upper bound in which SOA would be expected to be contained based on
observations from other studies (Morgan et al. 2009; Robinson et al. 2011). Average
summer and winter concentrations for the LV-OOA factors were then multiplied by the
SEUS volumes. The resultant quantity was ten divided by four estimates of atmospheric
lifetime for SOA. Values used for approximate SOA lifetime in this study were 4, 5.4,
8.1, and 11 days based on best estimates in other studies (Kanakidou et al. 2005; Henze
and Seinfeld 2006; Henze et al. 2008; Spracklen et al. 2011). Background SOA production rates were then formulated for the summer and winter (Table 3). The conversion
between organic matter to organic carbon (OM/OC) was performed using a value of 1.4
(Hallquist et al. 2009). Although recent work (Aiken et al. 2008) has suggested that this
value may be less than what has been observed for OA with O/C values (~1.8–2.5)
representative of LV-OOA in laboratory experiments, the use of this value suggests that
the secondary organic carbon (SOC) estimates provided here might not be as conservative as is suggested by aged SOA composition in the laboratory. Other modeling studies
have even used an OA/OC conversion ratio of 2 (Spracklen et al. 2011).
Annual SOA and secondary organic carbon background production estimates are
presented in Table 3 averaged for both seasons using the two different PBL height
values as well as the range of estimated SOA lifetimes. Average monthly values for
both seasons were multiplied by 12 to obtain annual production estimates. The two
seasonal monthly estimates of SOC were taken as the ranges for annual background
SOC production in the SEUS for a given SOA lifetime (Table 3). The shortest
estimated SOA lifetime provided an annual background SOC production range of
0.48–0.58 GgC yr−1 and the longest lifetime provided an estimate of 0.18–0.21 GgC
yr−1. Most published literature provides global estimates of global SOA production
from varied emission or production sources with limited estimates of regional SOA
production. To compare the values obtained in this study to reported global SOC values
the ratio of the surface area of the SEUS (~6.2 × 104 km2) to the surface area of the
productive land on the earth (~9.9 × 107 km2) was calculated then multiplied by seven
different reported estimates for global SOC production from emission and production
sources (Table 3) (Kanakidou et al. 2005; Henze and Seinfeld 2006; Henze et al. 2008;
Hallquist et al. 2009; Spracklen et al. 2011). The resulting values provide estimates of
SOC production expected for the SEUS based on global SOA literature estimates.
Many global SOA models use SOA lifetimes with a median value of 5.4 days
(Tsigaridis et al. 2014), and the estimated annual background SOC production range
calculated in this study for that aerosol lifetime are slightly higher than what would be
expected for the SEUS based on global SOA production from isoprene oxidation (4.4
TgC yr−1) (Henze and Seinfeld 2006) and slightly lower than what would be expected
for SOA produced from anthropogenic volatile precursors (8.6 TgC yr−1) (Henze et al.

Table 3 Annual and seasonal estimates of background SOA for the SEUS compared to global SOA production
values
Measured background SOA production
Summer

Winter

SOA annual estimate (GgSOA yr−1)

SOA annual estimate (GgSOA yr−1)

Estimated SOA lifetime

Estimated SOA lifetime

4 days 5.4 days 8.1 days 11 days
a
Measured PBL 0.56
0.41
0.28
0.20
b

Estimated PBL 0.84

0.62

0.42

0.38

SOC annual estimate (GgC yr−1)
a

Measured PBL 0.40

b

Estimated PBL 0.60

4 days
0.47

5.4 days 8.1 days
0.35
0.23

11 days
0.17

0.71

0.52

0.26

0.35

SOC annual estimate (GgC yr−1)

0.30

0.20

0.15

0.33

0.25

0.16

0.12

0.45

0.30

0.22

0.50

0.37

0.25

0.18

0.31

0.21

0.15

Estimated background SOC in SEUS by season (GgC yr−1)

c

0.50

0.38

0.25

0.19

0.42

Annual Range (GgC yr−1)
Estimated SOA lifetime
d

4 days

5.4 days

8.1 days

11 days

0.42–0.5

0.31–0.38

0.21–0.25

0.15–0.19

Global SOA production estimates from literature (GgC yr−1)

e

*

4400

8600

*

9300

21,100 40,000

88,000

*

100,000

Expected ratio of total SOA from SEUS based off land surface area ratio (GgC yr−1)

f

0.28
a

0.54

0.58

1.32

2.37

5.50

6.25

The measured PBL is 1590 m resulting from the average of the specific humidity method calculation

b

The estimated PBL is 2400 m based off of observed OA column distributions from other studies (Morgan et al.
2009; Robinson et al. 2011) as well as maximum observed PBL values reported from other studies
(Seidel et al. 2010)
c

Each value is the resulting average between the measured PBL and estimated PBL SOC annual estimate values

d

Estimated background SOC values for the summer and winter are used as the upper and lower bounds on the
reported ranges, respectively
e

Values presented here represent values reported for global SOA flux estimates from literature sources for; 4.4
TgC yr−1 (SOA from isoprene oxidation) (Henze and Seinfeld 2006), 8.6 TgC yr−1 (SOA formed from
anthropogenic volatile precursors) (Henze et al. 2008), 9.3 TgC yr−1 (biogenic SOA) (Spracklen et al. 2011),
21.1 TgC yr−1 (terpenes+isoprene SOA) (Kanakidou et al. 2005), 88 TgC yr−1 (biogenic SOC) (Hallquist et al.
2009), and 100 TgC yr−1 (total global SOA) (Spracklen et al. 2011)
f
Values presented here were calculated by multiplying the ratio of the productive surface area of the earth to the
surface area of the SEUS by the global biogenic SOA production estimates provided from literature sources
*

Values converted to TgC yr−1 from TgSOA yr−1 using OM/OC=1.4

2008). If the total average summertime OA concentration measured in this experiment
is used as an approximate lower bound for total OC in the SEUS and average total OA
summertime concentrations reported in another study (Budisulistiorini et al. 2013)
from Atlanta GA is used as an upper bound for total OC in the SEUS, these calculations produce a total OC estimate range of 1.3–14 GgC yr−1 using an SOA lifetime of
5.4 days and PBL height of 2.4 km agl. This estimate is particularly uncertain and is
only presented here to demonstrate that while calculated background production values
fall within the lower bounds of the expected total reported SOA estimates, calculated
total SOC for the SEUS has considerable potential to exceed the upper bound of what

might be expected for total SOC in the SEUS. This is consistent with the hypothesis
that the SEUS is a significant source of SOA to the global SOA budget.

4 Conclusions
Aerosol and gas-phase chemical measurements were analyzed during the summer of 2013 to
identify the primary influences on warm season atmospheric chemistry at a high elevation, rural
site in the Appalachian mountains of North Carolina. Minimal direct urban influence was observed
in both the aerosol and gas-phase chemical datasets. The dominance of an organic aerosol factor
associated with isoprene IEPOX was observed during the summer sampling suggesting that
reactions with acidic sulfate seed aerosol and isoprene BVOC emissions may have a significant
influence on the total aerosol burden for the SEUS region. Though much of the observed patterns
of chemical loading were statistically indistinguishable across different source regions, the IEPOX
OA factor displayed patterns of loading that were statistically higher from the north and west than
the other source regions. This suggests that these regions may be significant sources of anthropogenic sulfate aerosol and/or isoprene leading to the formation of this type of OA.
Results of analyses performed in this experiment suggest that AppalAIR is a site regionally
representative of the SEUS suitable for estimating background SOA levels and observing
background aerosol and VOC chemistry. Comparisons between the magnitudes of IEPOX-OA
and the background OA observed in this study suggest that anthropogenic enhancement of
SOA production in the SEUS may contribute to the total OA burden by a factor of two or
more. Characterization of background SOA from other sites in the SEUS should be compared
to the results from this study in order to further estimate the extent of anthropogenic influence
on SOA production in the SEUS.
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