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Ground-based measurements of meteorological parameters
and water-soluble organic carbon in the gas (WSOCg) and particle
(WSOCp) phases were carried out in Atlanta, Georgia, from
May to September 2007. Fourteen separate events were observed
throughout the summer in which WSOCp and water vapor
concentrations were highly correlated (average WSOCp-water
vapor r ) 0.92); however, for the entire summer, no well-
defined relationship existed between the two. The correlation
events, which lasted on average 19 h, were characterized
by a wide range of WSOCp and water vapor concentrations.
Several hypotheses for the correlation are explored, including
heterogeneous liquid phase SOA formation and the co-
emission of biogenic VOCs and water vapor. The data provide
supporting evidence for contributions from both and suggest
the possibility of a synergistic effect between the co-emission
of water vapor and VOCs from biogenic sources on SOA
formation. Median WSOCp concentrations were also correlated
with elemental carbon (EC), although this correlation extended
over the entire summer. Despite the emission of water
vapor from anthropogenic mobile sources and the WSOCp-EC
correlation, mobile sources were not considered a potential
cause for the WSOCp-water vapor correlations because of their
low contribution to the water vapor budget. Meteorology
could perhaps have influenced the WSOCp-EC correlation,
but other factors are implicated as well. Overall, the results
suggest that the temperature-dependent co-emission of water
vapor through evapotranspiration and SOA precursor-VOCs
by vegetation may be an important process contributing to SOA
in some environments.

Introduction
Secondary organic aerosol (SOA) often comprises a large
fraction of ambient organic carbon aerosol (1). Compounds
that make up SOA are numerous and chemically diverse.
The production of SOA from precursor volatile organic carbon
(VOC) gases proceeds through an oxidizing pathway. Because
of the increase in polarity that accompanies oxidation, many

SOA compounds are water soluble (2). There is no direct
measurement exclusively of SOA, but currently several
methods are used to infer concentrations of SOA.

Using known emission factors of organic carbon (OC)
and elemental carbon (EC), the ratio of OC to EC, known as
the EC tracer method, is used to estimate SOA (3, 4). An
algorithm applied to measurements made with an Aerodyne
aerosol mass spectrometer can distinguish the oxygenated
organic aerosol (OOA) fraction of organic aerosol from the
hydrocarbon-like organic aerosol (5). Under certain condi-
tions, this OOA fraction is expected to be composed almost
entirely of secondary organic compounds (6). In the absence
of significant biomass burning emissions, the particulate
water-soluble organic carbon (WSOCp) measurement
made via the PILS-WSOC method (7) provides an ap-
proximate measurement of SOA, although some fraction of
the SOA may not be soluble. A study by Miyazaki et al. (8)
found that SOA estimated by the EC tracer method was highly
correlated with WSOCp (r2)0.70-0.79) and observed WSOCp/
SOA slopes of 0.67-0.75 using this operational definition of
SOA. The same study also found 90% or more of primary
organic aerosol to be insoluble in water. A study by Kondo
et al. (9) found excellent agreement (r2 ) 0.86-0.93) between
OOA and WSOCp and observed that, across seasons, an
average of 88% of OOA in a large urban center was water
soluble. In an arid urban region, however, there is evidence
for a significant insoluble SOA component (10).

Several modeling (e.g., refs 11-13) and smog chamber
studies (e.g., refs 14-16) have investigated the influence of
particle-bound water on SOA formation. In general, the
modeling results predict an increase in SOA formation with
increased aerosol water, although the smog chamber studies
did not observe an enhancement in SOA formation associated
with aerosol water. Other studies suggest the enhancement
of SOA by aerosol water through other means, such as cloud
processing (17) or heterogeneous reactions within fine
particles (18).

In aircraft measurements, Peltier et al. (19) observed a
significant water vapor-WSOCp correlation (r2 ) 0.74) in a
plume intercepted at 3-5 km ASL (above sea level) in the
western U.S. This correlation was observed down wind of a
region with heavy cloud coverage in an airmass with
significant biogenic and anthropogenic influences. In this
study, we investigate possible causes for periodic ground-
based observations of events in which WSOCp (SOA) and
water vapor concentration were highly correlated and suggest
that the temperature-driven release of biogenic VOCs along
with water vapor may be a cause.

Methods
Ambient measurements were made in Atlanta from 11 May
to 20 September, 2007. The sampling was conducted on the
roof of the Environmental Science and Technology building,
approximately 30-40 m in height, on the Georgia Institute
of Technology campus.

Measurements of WSOCp were made continuously on a
six-minute integration time via the PILS-WSOC method,
which has been described in detail by Sullivan et al. (7). Briefly,
a nonrotating micro-orifice impactor (20) was used to select
particles with aerodynamic diameters less than 2.5 µm (PM2.5).
At !15 L min-1, the sample air stream then passes through
an activated carbon parallel-plate denuder (21) in an attempt
to remove VOCs that could interfere with the measurement.
Immediately downstream of the denuder, the sample air
enters the particle-into-liquid sampler (PILS), which grows
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particles in an environment supersaturated with ultrapure
(>18.0 M! resistance, < 20 ppb carbon content) water. The
particles then impact onto a polycarbonate disk that has a
continuous flow of ultrapure water over it to collect soluble
species into an aqueous phase (22). Once in the aqueous
phase, the sample is passed through a 0.22 µm liquid filter.
The organic carbon content of the sample is then quantified
by a Total Organic Carbon (TOC) analyzer (GE Analytical
Instruments, Boulder, CO). The calibration of the Total
Organic Carbon analyzer occurred in the factory and was
periodically verified with sucrose standards across the full
range of liquid concentrations (50-2000 ppb C) encountered
in ambient sampling. Twice daily, the sample air stream was
directed through a HEPA filter to determine the carbon
content of the ultrapure water and any penetration of
interfering VOCs through the denuder. Data were corrected
by subtraction of this dynamic blank. The limit of detection
for the PILS-WSOC method is !0.1 µg C m-3, and the
uncertainty of the WSOCp measurements was estimated at
!10%.

Measurements of WSOCg were made with a glass mist
chamber coupled to a TOC Analyzer (GE Analytical Instru-
ments, Boulder, CO), similar to the method described by
Anderson et al. (23). Ambient air, sampled at !21 L min-1,
first passed through a Teflon filter for complete particle
removal. The sample then entered a mist chamber filled with
ultrapure water, which has been shown to efficiently collect
gases with a Henry’s Law constant >103 M/atm (24). Using
an automated valve, one five-minute batch sample was
collected every ten minutes. After sample collection, auto-
mated syringe pumps sent the liquid sample to the TOC
Analyzer and simultaneously rinsed and filled the mist
chamber for the following sample analysis. Between samples,
the carbon content of the ultrapure sampling water was
quantified, and this background value was subtracted from
each sample. The limit of detection for the method was 1 µg
C m-3 and the uncertainty of the WSOCg measurement was
estimated at 7%.

Measurements of OC and EC were made on an hourly
basis with a Sunset Laboratories OCEC field analyzer (Sunset
Laboratory Inc., Tigard, OR) according to the method of Bae
et al. (25). In addition to measurements of WSOCp, WSOCg,
and EC, a full suite of meteorological parameters were
measured on the roof of the Environmental Science and
Technology building.

Results and Discussion
WSOCp-H2O(g) Correlation. A box plot of WSOCp versus
water vapor (Figure 1) shows that, over the range of water
vapor mixing ratios observed throughout the summer, there
was not a clear relationship between WSOCp and water vapor.
The box plot, which was generated by separating the data (n
)18031) into 10 equally spaced bins according to water vapor
concentration, shows median values (thick horizontal bar),
25th and 75th percentiles (lower and upper box bounds,
respectively), and 10th and 90th percentiles (lower and upper
whiskers, respectively) for each bin. This analysis method is
a useful approach for such a large data set because it offers
a better visualization of central data trends than the unbinned
data, while it presents much of the data spread as well. Despite
this unclear relationship between WSOCp and water vapor,
there were 14 events throughout the summer in which the
two were highly correlated (mean WSOCp-water vapor r2

during these events was 0.85, Table 1). The events were spaced
throughout the summer and occurred in four of the five
months (none in May) in which measurements were made.
The length of these events ranged from 10.5-45.5 h (mean
) 19 h, median ) 16 h), and they accounted for !10-15%
of total sampling time (2140 h). It is probable that even more,
shorter correlation events occurred throughout the summer,

but the present analysis was limited to those events that
lasted at least ten hours. Because of their length, the events
spanned day and night, alike, and in several events, the
WSOCp-water vapor correlations remained throughout an
airmass change. Their frequency of occurrence and sub-
stantial length suggest that these periods could provide
significant insight into ambient SOA formation in the
southeastern U.S.

The mean WSOCp concentration and water vapor mixing
ratio for each event are also plotted in Figure 1. It is notable
that these correlation periods were not constrained to high
or low WSOCp concentrations or water vapor mixing ratios.
In addition, although there was a high correlation between
WSOCp and water vapor within each event, there was no
correlation between mean WSOCp concentrations and mean
water vapor mixing ratios across all events. The mean WSOCp

concentration in each event ranged from 1.4 to 7.6 µg C m-3

and the mean water vapor mixing ratio ranged from 13.2 to
23.7 " 103 ppm (Table 1). There was, likewise, a high variability
of both WSOCp and water vapor concentrations within each
event. For example, Figure 2 shows WSOCp and water vapor
for the 7/12 event and shows the high variability within
individual events that was routinely observed. In this event,
for which the coefficient of determination (r2) between
WSOCp and water vapor was 0.85, the WSOCp concentration
ranged from approximately 2 to 7 µg C m-3, while the water
vapor mixing ratio ranged from approximately 14 to 26 " 103

ppm.
The correlation events were not directly related to

precipitation. In the summer of 2007, Atlanta experienced
severe draft conditions and had precipitation levels far-below
average, and the observed correlation events had no temporal
relation with the sparse precipitation that did occur.

FIGURE 1. Box plot of WSOCp verses water vapor for the entire
summer in Atlanta. The data were segregated into 10 equally
spaced bins according to water vapor concentration (average N
per bin ) 1803), with median values (thick horizontal bar), 25th
and 75th percentiles (lower and upper box bounds, respec-
tively), and 10th and 90th percentiles (lower and upper
whiskers, respectively) shown for each bin. Each bin presents
the statistical results for water vapor concentrations in the
range halfway between the lower and upper adjacent bins,
except in the case of the highest and lowest bin (bin width
shown as gray horizontal line). Also shown (markers), are the
mean WSOCp concentrations and water vapor mixing ratios for
14 events where WSOCp and water vapor where positively
correlated. For the entire summer, there does not appear to be
a well-defined relationship between WSOCp and water vapor,
yet significant correlations between the two were observed for
periods throughout the summer.
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Water vapor, through reaction with an excited oxygen
atom following ozone (O3) photolysis, is directly involved in
the primary production of the hydroxyl radical (OH) (26).
Though OH production is more sensitive to the O3 photolysis
rate, the water vapor concentration does affect OH levels as
well (26). OH is known to initiate SOA formation (e.g., ref 27);
however, because it is highly reactive and because it is
photochemically produced, OH concentrations decrease
significantly at night, often to undetectable levels, (<!105

cm-3) (26). Only two of the 14 correlation events occurred
exclusivelyduringdaylighthours. If thewatervapor-OH-SOA
mechanism was responsible for a WSOCp-water vapor
correlation, it is unlikely that this correlation would begin at
night. It is also unlikely that this correlation would remain
constant through daytime and nighttime periods. Seven of
the observed correlation events began at night, and 12
included significant daytime and nighttime periods, sug-
gesting that SOA formation attributed to OH, itself a product
of water vapor concentrations, did not contribute significantly
to the occurrence of the WSOCp-water vapor correlations.
Low wind speeds throughout 10 of the 14 correlation events
(mean of low wind speed events) 1.5 m s-1, Table 1) suggest
that processes (including emissions and chemical processes)
upwind of Atlanta did not heavily influence observations in
each event either. For the four correlation events with high
mean wind speeds (mean of high wind speed events ) 4.4 m
s-1, Table 1), it is possible that emissions and SOA formation

occurring far from Atlanta had a significant influence on
observations.

Water vapor, through reaction with the Criegee inter-
mediate, has been shown to strongly influence product yields
in ozonolysis reactions of R-pinene (28) and !-pinene (29).
This effect is unlikely to have influenced or produced the
WSOCp-water vapor correlations, though. The influence of
water vapor on product yields (e.g., the production of
pinonaldehyde from the R-pinene/O3 reaction (28)) is most
prominent at low RH levels (between 0-25% RH), and this
water vapor effect on product yields appears to end above
!50-60% RH. In all of the WSOCp-water vapor correlations
observed in this study, the upper RH range exceeded this
50-60% RH threshold (Table 1), indicating that water vapor
and WSOCp were correlated even at high RH levels. It also
seems unlikely that the overall SOA trends, as measured by
WSOCp, could be explained solely by pinene ozonolysis.

We now investigate what we believe are the two most
likely hypotheses for the observed WSOCp-water vapor
correlation events.

Hypothesis I: SOA Formation and Particle Water. One
hypothesis for the observed correlations between WSOCp

and water vapor is that the formation of SOA is related to
particle-bound water. Two recent ambient studies (30, 31)
have shown a link between particle-bound water and WSOCp.
In Mexico City, WSOCp exhibited similar behavior to aerosol
nitrate, which through a thermodynamic model was shown

TABLE 1. Parameters for WSOCp-Water Vapor Correlation Eventsa

event start timeb
event

durationc
mean

WSOCp
d

mean water
vapor (ppm) mean RH (%) RH range

WSOCp-water
vapor (r2) Fp-RH (r)

WSOCg-water
vapor (r2)

1 6/24/2007 17:30 11.5 7.60 18.4 " 103 50.6 25-70% 0.95 -0.85 0.92
2 6/30/2007 20:30 14.5 4.54 22.9 " 103 67.4 43-82% 0.79 0.39 0.11
3 7/7/2007 2:30 17 2.97 22.5 " 103 71.0 56-83% 0.81 0.43 0.36
4 7/7/2007 20:00 15 1.96 23.0 " 103 80.9 62-91% 0.73 0.92 0.27
5 7/12/2007 20:30 45.5 3.43 17.6 " 103 55.4 37-83% 0.85 0.41 0.01
6 7/18/2007 18:30 16.5 2.74 23.6 " 103 74.4 60-87% 0.81 0.35 0.03
7 7/21/2007 19:30 12.5 3.73 17.7 " 103 59.8 32-82% 0.89 0.96 0.01
8 7/22/2007 13:30e 15.5 3.16 16.8 " 103 59.9 47-76% 0.92 0.54 0.24
9 8/4/2007 12:00 23 5.22 22.1 " 103 53.8 31-78% 0.92 0.01 0.72
10 8/7/2007 8:30 10.5 7.43 23.7 " 103 45.7 34-70% 0.82 0.6 0.02
11 8/14/2007 15:00 16 4.54 15.6 " 103 36.4 19-64% 0.87 -0.86 0.80
12 8/19/2007 1:30e 19.5 5.18 20.5 " 103 51.9 23-79% 0.84 0.77 0.39
13 9/5/2007 6:30e 12 3.17 18.1 " 103 45.2 31-73% 0.81 0.53 0.77
14 9/15/2007 12:00e 35 1.35 13.2 " 103 50.7 21-68% 0.85 0.43 0.09
a Bolded values represent significant r or r2 values, added for visual effect. b Eastern Daylight Time. c Hours. d Units of µg

C m-3. e High wind speed event.

FIGURE 2. Time series of WSOCp concentration, water vapor mixing ratio, and temperature for the correlation event that started on
7/12 and lasted 45.5 h.
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to be directly related to aerosol water content (30). The
volatilization of a significant fraction (!35%) of newly formed
WSOCp and nitrate shortly followed the evaporation of aerosol
water, and the processes were related. In Atlanta, the
partitioning of WSOC from the gas to the particle phase
(WSOCp/(WSOCg + WSOCp)) was increased at RH > !70%
and was attributed to the uptake of water by particles (31).
This RH partitioning effect resulted in median WSOCp

concentrations that were 0.3-0.9 µg C m-3 higher when RH
was >70%, relative to partitioning under dryer conditions.
In addition, in controlled laboratory experiments, Volkamer
et al. (32) observed a positive linear correlation between SOA
formation from acetylene and particle liquid water. This effect
was attributed to the uptake and reaction of glyoxal, a product
of acetylene oxidation, in the aqueous phase. These findings
suggest that water associated with fine particles could have
an important role in SOA formation that is not usually
considered. It could also help explain the observed periods
of high WSOCp-water vapor correlation.

Fp represents the fraction of total WSOC in the particulate
phase (WSOCp/(WSOCp + WSOCg)). Because the findings of
Hennigan et al. (30, 31) suggest that aerosol water can
influence WSOC partitioning, it is instructive to look at the
relationship between Fp and RH during the correlation events.
If the correlation of WSOCp and water vapor is related to
water uptake by particles, then a positive relationship
between Fp and RH may at times also be expected (most
notably, when RH exceeds 70%). In three of the 14 events,
there was a strong positive correlation between Fp and RH
(Table 1). In 9 of the 14 events, the Fp-RH correlation was
low (r < 0.6), and in two events, Fp and RH were negatively
correlated. Since a correlation between Fp and RH was not
typically observed simultaneously with the WSOCp-water
vapor correlations (a strong correlation between Fp and RH
occurred in only three events), the data suggests that a water
uptake effect may have contributed to the WSOCp-water
vapor correlations, but that other factors likely contributed
as well. Hennigan et al. [manuscript in preparation] identified
WSOCp concentrations and NOx concentrations as two factors
that, in addition to RH, significantly impact the gas/particle
partitioning of WSOC.

The lack of a correlation between Fp and RH in some
events could also be caused by SOA formation that occurred
sometime earlier and under higher RH conditions than those
observed at the measurement site. If the SOA enhancements

from water uptake were largely nonreversible (i.e., if a
significant fraction of the SOA formed because of water uptake
remained after water evaporation), then WSOCp formed from
this effect sometime prior to the measurement could retain
a positive correlation with water vapor, while Fp and RH
retained no relation at all, depending on ambient RH at the
time that measurements were made.

Hypothesis II: Co-Emission of SOA Precursor VOCs and
Water Vapor. An alternative or additional hypothesis to
explain the WSOCp-water vapor correlation events is that
water vapor and biogenic SOA precursors were co-emitted.
WSOCp in Atlanta is predominantly secondary and biogenic
(33). Water vapor is primary, and its major sources in the
atmosphere are evaporation from oceanic and from terrestrial
sources (34). Although evaporation from oceans is a major
source of global water vapor, there did not appear to be a
general source region effect (i.e., Gulf of Mexico or Atlantic
Ocean regions) or a general circulation effect associated with
the correlation events. Back trajectories were run for several
points in each event and showed no consistent trends in air
mass source region or trajectory shape, indicating that
regional sources around Atlanta, as opposed to long-range
transport, likely had the heaviest influence on the correlation
events (Figure 3). Ambient measurements have shown WSOCp

in and around Atlanta to be far more spatially homogeneous
than pollutants such as EC, presumably because of extensive
biogenic VOC emissions across the entire southeastern U.S.
region (33). Another major source of atmospheric water vapor
is the evaporation of water from soils (evaporation) and
vegetation (transpiration) (35), known collectively as evapo-
transpiration. Evapotranspiration can be substantial, even
producing the majority of precipitation in many continental
areas (36). In addition, the contribution of transpiration to
the water vapor column will be highest near the surface (37).

Many factors influence transpiration, including temper-
ature and solar radiation (38). Temperature and solar
radiation are also among the most important factors that
affect biogenic VOC emissions (39, 40). Thus, the co-emission
of water vapor and biogenic SOA precursors in similar
proportions to each other could explain the correlation
events. Major biogenic VOCs (isoprene, terpenes) are not
water soluble. Rather, the oxidation of these compounds can
lead to secondary products (gases + particles) that are water
soluble. Thus, if the co-emission of water vapor and biogenic
VOCs was responsible for the correlation events, then a similar

FIGURE 3. Five-day back trajectories for the events in which a high correlation between WSOCp and water vapor was observed. The
event numbers correspond to those in Table 1.
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correlation between water vapor and WSOCg may also be
expected. In four of the 14 correlation events, a significant
positive correlation between water vapor and WSOCg was
observed (Table 1). This may suggest that the co-emission
of biogenic VOCs and water vapor from vegetation was at
least partly responsible for the observed correlations. The
lack of a WSOCg-water vapor correlation does not, however,
disprove the co-emission hypothesis. It is possible that both
gas and particle WSOC were initially correlated with water
vapor within an airmass, but through aging processes, only
the correlation with WSOCp was retained because of different
lifetimes of WSOCp and WSOCg.

Temperature was highly correlated with median con-
centrations of both WSOCp (r2 ) 0.91) and WSOCg (r2 ) 0.96),
further supporting the link between biogenic emissions and
WSOC formation. Because WSOCp in Atlanta is highly
biogenic and secondary in nature (33), the likely reason for
the positive correlation with temperature was some com-
bination of increased photochemistry and increased biogenic
VOC emissions with temperature.

Overall, the evidence suggests multiple factors contributed
to the correlation events, and the co-emission of water vapor
and biogenic VOCs, and an enhancement in SOA because of
water uptake appear to be the two most probable. The
observations presented lead to the intriguing possibility of
a synergistic role of temperature-driven emissions of biogenic
VOCs and water vapor on SOA production. Biogenic VOCs
(e.g., isoprene, monoterpenes) can be oxidized to compounds
that partition to the liquid phase. Higher water vapor
concentrations, co-emitted with biogenic VOCs, can enhance
partitioning to the liquid phase under certain atmospheric
conditions (high water vapor concentration and lower T,
producing high RH).

WSOCp and Combustion Emissions. Although water is
released in stoichiometric proportion to carbon in efficient
fossil fuel combustion, it is not likely that this mechanism
had any bearing on the observed correlation events, though.
In Atlanta, even using conservative (high) estimates of
gasoline and diesel fuel consumption, the contribution of
mobile sources to the water vapor budget is negligible
(ambient water vapor concentrations are at least 3 orders of
magnitude higher than can be accounted for solely from
mobile combustion sources). This is somewhat paradoxical,
though, because there was an observed relationship between
WSOCp and EC. For the entire study, median WSOCp

concentrations were correlated (r2 ) 0.93) with mean binned
EC concentrations (Figure 4). This relationship was surprising,
given that WSOCp, which is predominantly secondary, was
far more spatially homogeneous in Atlanta than primarily
emitted EC (33). Part of the explanation for the WSOCp-EC
correlation may be meteorology, but that is not likely the
sole explanation. Unlike WSOCp, which did show a correlation
with temperature, EC did not show any relationship with
temperature (r2 ) 0.02, not shown). This behavior was not
surprising, given that EC is primary. Concentrations of both
WSOCp and EC showed negative correlations with wind speed
(Figure 5a, b), although their behaviors were quite different.
Median WSOCp concentrations decreased slowly with wind
speed across the full wind speed range observed. From a
mean bin wind speed of 0.05 to 1.1 m s-1, the median WSOCp

concentration decreased by 4% (from 3.20 to 3.08 µg C m-3).
Median EC concentrations decreased much more rapidly
with wind speed. From a mean bin wind speed of 0.05 to
1.1 m s-1, the median EC concentration decreased by 46%
(from 1.08 to 0.58 µg C m-3). Consistent with the findings of
Weber et al. (33), these results suggest, for the most part, a
regional source for WSOCp compared to a local source for
EC (i.e., biogenic VOC emissions across much of the
southeastern U.S., compared to EC emissions from major
highways). The contribution of primary anthropogenic

emissions to WSOCp is expected to be small (8) and likely
contributed little to the WSOCp-EC correlation.

Although it is likely that their relationships with wind speed
were possibly one cause of the WSOCp-EC correlation (i.e.,
they are not independent variables), it is possible that other
factors contributed as well. Chamber studies of biogenic SOA

FIGURE 4. Box plot of WSOCp verses EC for the entire summer
(average N per bin ) 158). Median values (thick horizontal bar),
25th and 75th percentiles (lower and upper box bounds,
respectively), and 10th and 90th percentiles (lower and upper
whiskers, respectively) are shown for each bin. Despite
secondary nature of WSOCp and primary nature of EC, median
WSOCp concentrations show a positive correlation with EC. The
P-value of the ANOVA analysis (0.0047) indicates that the
correlation is statistically significant at the 99% confidence
interval.

FIGURE 5. WSOCp verses wind speed (a) and EC verses wind
speed (b), for data binned according to wind speed. EC
concentrations decreased much more rapidly than WSOCp with
increasing wind speed, indicating the heavier local influence
on EC and regional influence on WSOCp.
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formation by Lee et al. (41) observed significantly higher
partitioning coefficients of multiple compounds in the
presence of primary diesel particles above that predicted by
theory. Ervens et al. (42) suggest that biogenic SOA yields
from cloud processing are highly influenced by NOx levels,
with higher yields corresponding to higher NOx concentra-
tions. Sullivan et al. (43) and Weber et al. (33) have shown
high correlations between WSOCp and carbon monoxide (CO)
in plumes advecting away from urban regions, typically an
indication of anthropogenic mobile emissions (in these
studies biomass burning contributions were negligible, based
on acetonitrile concentrations, and the CO shown to be
mainly from anthropogenic combustion). They also found
similar "WSOCp/"CO ratios in two areas (Atlanta, New York)
with biogenic VOC levels that differed by 1-2 orders of
magnitude. These studies have all suggested biogenic SOA
formation can have a link to anthropogenic emissions. Thus,
it is possible that the WSOCp-EC correlation that we observed
could agree with the previous findings and suggest that in
an urban environment, biogenic SOA is in some way
controlled or affected by anthropogenic emissions. For
example, anthropogenic emissions may be linked to this
process by contributing gas or liquid phase oxidants or
compounds (e.g., NOx) that favor the gas-phase production
of water soluble SVOCs over other oxidized compounds,
thereby enhancing water-soluble SOA production of biogenic
emissions. This may be one factor, along with the temper-
ature-dependent co-emission of water vapor and SOA
precursor-VOCs by vegetation that leads to SOA production
in southeastern United States.
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