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Rapid Sampling of Individual Organic Aerosol Species
in Ambient Air with the Photoionization Aerosol
Mass Spectrometer

Matthew A. Dreyfus and Murray V. Johnston
Department of Chemistry and Biochemistry, University of Delaware, Newark, Delaware, USA

Analytical methods developed to sample and characterize ambi-
ent organic aerosols often face the trade-off between long sampling
times and the loss of detailed information regarding specific chemi-
cal species present. In the work presented here, high-time resolution
ambient measurements (3.5 minutes) are achieved by using the Pho-
toionization Aerosol Mass Spectrometer (PIAMS) in conjunction
with the mini-Versatile Aerosol Concentration Enrichment System
(m-VACES). Aerosol sampling took place for one week at State of
Delaware Air Quality Monitoring Site in Wilmington, Delaware
in June 2006. The soft, universal ionization scheme of PIAMS al-
lows for identification of various chemical compounds by a signa-
ture ion, often the molecular ion. Meteorological data was used
to link some species, such as palmitic and oleic acid, to potential
sources; whereas other compounds, like PAHs, have no significant
wind dependence. Some classes, including n-alkanes and n-alkanoic
acids, are shown to be in abundance during late night/early morn-
ing hours, potentially due to the combined effects of temperature
inversion, and fresh emissions in a cooler environment. The high-
time resolution data shows that rapid concentration changes of a
common individual species can be lost with traditional bulk sam-
pling, and a time resolution of 30 minutes is suggested to accurately
represent these changes.

INTRODUCTION
There is a significant concern over the impact of ambient

aerosols. Particulate matter (PM) in the atmosphere is known
to affect visibility (Sisler and Malm 1994) and influence global
climate (Charlson et al. 1992; Maria et al. 2004). Human ex-
posure can cause a variety of detrimental health effects (Mills
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et al. 2005; Samet et al. 2000; Zanobetti and Schwartz 2006).
Much of ambient aerosol, whether biogenic or anthropogenic,
is comprised of organic compounds. Depending on the location,
organic matter can comprise anywhere from 10–70% of the total
particle mass in the air (Turpin et al. 2000). To better under-
stand the organic fraction, numerous studies have used filter-
based sampling with gas-chromatography mass-spectrometry
(GC/MS) to identify and quantify emissions from specific
sources (e.g., Rogge et al. 1991; Schauer et al. 1999a) and per-
form source apportionment (e.g., Robinson et al. 2006b; Schauer
et al. 1996). Despite these advances, much remains unknown.
The large number of potential compounds can overwhelm a
chromatographic separation, causing unresolved peaks. The low
concentration levels of individual compounds (usually less than
∼10 ng/m3) require long sampling times, often 3–24 hours, to
exceed detection limits. With this low-time resolution data, in-
formation is lost regarding short-term changes in local aerosol
concentration.

Variations on the traditional GC-MS method are designed
to better the time-resolution and cut down on sample prepa-
ration. A time-resolution of 1 hour has been achieved with a
thermal desorption GC/MS-FID, or TAG (Williams et al. 2006).
TAG is an automated technique that can collect compound spe-
cific data similar to filter-based GC-MS measurements. When
combined with meteorological data, the faster time-resolution
measurements are more suitable to describe local primary and
secondary organic sources (Williams et al. 2007).

Alternative techniques, notably aerosol mass spectrometers,
also have been developed to address the shortcomings of tra-
ditional sampling methods (Hinz and Spengler 2007; Murphy
2007; Nash et al. 2006). These instruments can achieve time
resolution on the order of a few minutes or less. The Aero-
dyne Research, Inc. Aerosol Mass Spectrometer (AMS) is one
of the more common real-time instruments in use (Canagaratna
et al. 2007; DeCarlo et al. 2006). The AMS is based on 70
eV electron ionization (EI), which yields reproducible frag-
mentation patterns, allowing the development of algorithms to
resolve general organic aerosol classes, namely hydrocarbon-
like (HOA) and oxygenated organic aerosol (OOA)(Zhang et al.
2005a, 2005b). Detailed information can be extracted for some
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stable compounds, such as polycyclic aromatic hydrocarbons
(PAHs)(Marr et al. 2006). However, most organic molecules
fragment extensively with 70 eV EI, and information regarding
individual species is lost.

Another approach has been to use a “soft” ionization method
to limit fragmentation, which in turn aids identification and mea-
surement of individual species. Instruments utilizing two-step
laser desorption/laser ionization, in conjunction with a rotat-
ing drum-impactor can achieve a time-resolution of 20 minutes
between samples (Emmenegger et al. 2005). The resonance en-
hanced multiphoton ionization technique, while highly sensi-
tive to aromatic compounds, cannot be used for aliphatic com-
pounds (Haefliger et al. 2000). Other techniques such as photo-
electron resonance capture ionization (LaFranchi and Petrucci
2004), filter-based infrared laser desorption—single photon ion-
ization mass spectrometry (Ferge et al. 2005) and hybrid-thermal
desorption/photoionization mass spectrometry (Mitschke et al.
2005; Streibel et al. 2006), aerosol chemical ionization mass
spectrometry (Hearn and Smith 2004), and the photoionization
aerosol mass spectrometer (PIAMS)(Oktem et al. 2004) use soft
ionization methods that can be applied to both aliphatic and aro-
matic species. These instruments have the potential for highly
time-resolved measurements, but they cannot distinguish iso-
baric compounds.

The method used in this study, PIAMS, achieves soft ion-
ization by single-photon ionization (SPI). The photon energy of
10.5 eV (118 nm) is just above the ionization energy of most or-
ganic molecules. Additionally, the instrument is sensitive, trans-
portable, and automated for field measurements. Particles are
delivered directly to the source region, so no sample work-up is
required. Previously, PIAMS has been used to sample common
organic emissions (Oktem et al. 2004), characterize soot parti-
cles in a flame (Oktem et al. 2005), monitor the rate of cholesterol
ozonolysis (Dreyfus et al. 2005), and characterize SOA forma-
tion from monoterpene ozonolysis (Heaton et al. 2007; Tolocka
et al. 2006).

Here, PIAMS was used to sample ambient organic aerosol
at the State of Delaware Air Quality Monitoring Site in Wilm-
ington, Delaware. When used with the ca. 20× aerosol enrich-
ment provided by the mini-Versatile Aerosol Concentration En-
richment System (m-VACES)(Geller et al. 2005; Ning et al.
2006), PIAMS can characterize individual compounds in am-
bient aerosol down to about 1 ng/m3 with a time resolution of
less than 4 minutes. The results from these initial field measure-
ments provide information on specific organic species and how
they change as a function of time and wind direction, giving
further insight to the complex behavior of organic aerosols in
urban air.

EXPERIMENTAL
Aerosol sampling was performed at the State of Delaware Air

Quality Monitoring Site on Martin Luther King Boulevard in
Wilmington, Delaware from Sunday, June 4 to Sunday, June 11,

2006. The site is located in a mostly urban area, within a short
distance to a major roadway (Interstate-95), and the Riverfront,
an entertainment hub consisting of shops, restaurants, and a
minor-league baseball stadium. Relative locations to the sam-
pling site are shown in Figure 1. All instrumentation was housed
in a trailer at ∼20◦C. The outside temperature ranged from 14–
26◦C with very little precipitation. Wind speed and direction
were measured every minute on the premises. All wind direc-
tions were sampled over the course of the study; however wind
from the northwest was the most predominant, especially later
in the week.

Ambient aerosol was pulled through a PM 10 inlet at 30 lpm
to the m-VACES (Geller et al. 2005) (Figure 2). The concen-
trated aerosol stream exits at a rate of 1.5 lpm. The sample is
then sent to PIAMS at 0.1 lpm; excess aerosol flow is sent to a
condensation particle counter (CPC; TSI model 3025a, Shore-
view, MN) to monitor aerosol enrichment from the m-VACES.
PIAMS typically requires several picograms of material sam-
pled through the inlet to obtain a robust signal. This amount
can be obtained quickly with the current setup. For example,
an ambient concentration of 1 ng/m3 for an individual organic
species that is subsequently concentrated by a factor of 20 with
m-VACES and sampled into the mass spectrometer at a rate of
0.1 lpm gives a sampling rate of 2 pg/min. The current system
is more sensitive than that reported previously (Oktem et al.
2004), largely due to the use of a stainless steel probe for parti-
cle collection. To ensure an adequate signal level for a variety of
species, the sample collection time was set to 2 minutes, imme-
diately followed by sample analysis (20 seconds, 200 recorded
mass spectra) and probe cleaning (70 seconds) to remove any
artifacts. A full sampling cycle was completed every 3.5 minutes
and the instrument ran nearly continuously for 24-hour spans.
Typically, sampling would be suspended for ∼1 hour each day

FIG. 1. Relative location (km) of local organic aerosol emission sources to
the sampling site. Several building construction sites were located to the south
and southeast. The numbers in italics around the inside of the circle represent
the number of samples from each wind direction during the study.
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FIG. 2. Schematic of experimental setup.

for general maintenance. This allowed for at least 320 samples
analyzed per day.

PIAMS has been described in detail previously (Oktem et al.
2004). Briefly, the aerosol enters through a computer-controlled
valve and into an aerodynamic lens assembly, which focuses the
sample into a particle beam (Liu et al. 1995a, b). The resulting
beam is deposited onto a cooled, stainless steel probe (∼0◦C)
located in the ion source region. When the collection period is
complete, a 1064 nm Nd:YAG laser is pulsed at low energy (ca.
3 mJ total; 40 mJ/cm2) to irradiate the probe, rapidly heating
its surface. The rapid temperature increase results in a flash
vaporization of the deposited material. About 30 µs after the

FIG. 3. (a) Example mass spectrum; results from 2 minute sample collection beginning at 8:58 PM on 6/8/06. (b) Same spectrum, zoomed in from 200–400
m/z. Majority of peaks in this region are due to molecular ions.

desorption laser pulse, a second Nd:YAG laser fires to ionize
the desorbed analyte. Ionization is performed by single photon
ionization (SPI) with 10.5 eV (118 nm) radiation, obtained by
frequency tripling the third harmonic of the Nd:YAG laser (Van
Bramer and Johnston 1990). The photoionization mass spectrum
is obtained with a reflectron time-of-flight mass analyzer that
allows the entire mass spectrum to be obtained for each laser
pulse. The desorption/ionization sequence is repeated 200 times
per sample at a 10 Hz repetition rate (20 seconds total) to allow
all deposited material to be desorbed and ionized. The lasers
are continuously fired for another 70 seconds for cleaning. The
entire process is automated using LabVIEW software (National
Instruments, Austin, TX).

Over 2200 samples were analyzed in 180 available sampling
hours. Data analysis was performed off-line after the measure-
ment campaign was concluded. The 200 individual spectra taken
after each 2-minute sampling period were averaged to give a sin-
gle mass spectrum. Each averaged spectrum was then baseline
corrected and binned to ±0.5 Da around the central m/z. Finally,
each binned spectrum was normalized by finding its unit vec-
tor. Figure 3 shows an example spectrum. Other spectra in the
data set are similar in character, although the signal intensities
of specific m/z ions change with time.

RESULTS AND DISCUSSION
Identification was based on molecular ion m/z, or in some

cases the appearance of a signature fragment ion as reported in
the literature. Nearly all of the suggested molecular ion identifi-
cations were based on species that are well-known, often abun-
dant, primary organic emissions. Isobaric interference prevents
definitive identifications. When the results for a particular m/z
value are discussed, they should be understood to include both
the expected dominant species and any potential isomers and
isobars. While the ion signal intensities provide a quantitative
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FIG. 4. a) Time series of palmitic acid (256 m/z) from 7:17 PM, June 8th to 7:09, June 10th, with different time resolutions. Slower time resolution, especially
3+ hours, loses much of the dynamic concentration changes seen in the PIAMS data. b) Number and length of high concentration particle events (signal peak
≥50% of mean intensity) for 20 different species.

measure of changes in concentration, determination of the ab-
solute amount of each chemical component is not currently
possible.

The highly time resolved PIAMS data set provides informa-
tion concerning the concentration changes of individual organic
compounds as a function of time or wind direction. A plot of
signal vs. time with 3.5 minute time intervals shows significantly
more detail than typical collection-based techniques. Figure 4a
shows the time series for 256 m/z (corresponds to palmitic acid
plus its isomers and isobars) along with averages over 30 minute
and 3 hour intervals. Whereas 30 minute time-resolution can
capture most of the significant concentration changes observed,
3 hour resolution loses all but general trends in the concentra-
tion. To illustrate this concept further, the duration of various
high concentration events for 20 different m/z values (149, 191,

FIG. 5. a) Time series of the total ion signal during sampling period. Data points are smoothed by 8 point adjacent averaging to give a time resolution of
approximately 30 min. b) Total ion signal averaged by time of day.

202, 240, 252, 256, 268, 270, 282, 284, 312, 326, 338, 352, 368,
382, 422, 438, 450, and 576) are shown in Figure 4b. These
events were defined as any signal increase to ≥50% of the mean
signal intensity. Concentration events occurring simultaneously
for different m/z values were counted as one event. Most of
these events were shorter than 180 minutes; with a large frac-
tion lasting between 30 and 120 minutes. The distribution shown
in Figure 4b suggests that a time resolution of 30 minutes will
be sufficient to describe the behavior of ambient primary or-
ganic aerosols. Concentration spikes shorter than 30 minutes
were seen throughout the dataset, but none more intense than
the aforementioned threshold.

The total ion signal as a function of time, which represents
changes in the total organic carbon aerosol loading, is shown
in Figure 5a. The higher aerosol loading at night is likely the
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FIG. 6. Wind and hourly time dependence of organic acids. Wind rose plot of average signal intensity vs. wind direction a) and diurnal dependence b) are shown
for the averaged signal of several alkanoic acids (C15-30, without C16 & C18). Ions corresponding to palmitic and stearic acids (256 and 284 m/z, respectively)
display much different wind c) and hourly d) trends. Signal from oleic acid (282 m/z) has similar wind e) and hourly f) dependences to palmitic and stearic acid.
All six plots are averaged over the entire measurement period.

combination of several factors that cannot be independently
distinguished at this time, including (1) decrease in mixing
height, (2) decrease in temperature which favors partitioning
of semivolatile species to the particle phase, and (3) high lev-
els of human activity in the local area. A similar nighttime en-
hancement was seen by Park et al. (2005) with hourly OC/EC
measurements during the month of June 2002 at the Baltimore
particulate matter supersite. Park et al. also observed a signifi-
cant enhancement during the morning rush hour, which was not

surprising as their measurement site was adjacent to a major
Interstate highway. A morning rush hour enhancement is not
observed in Wilmington, presumably because the measurement
site is further from major traffic routes.

POINT SOURCES
The most abundant compounds found during the sampling

week were the n-alkanoic acids. These acids are emitted from
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nearly every major primary source of organic aerosol (Schauer
et al. 1996). Although the wind direction dependence of each in-
dividual species is unique, nearly all show a tendency for greater
signal intensity from the southwest to southeast (Figure 6a).
There is a significant diurnal dependence, with about 20% higher
signal levels coming after 7 PM local time relative to earlier
in the day (Figure 6b). The most prominent n-alkanoic acids,
palmitic acid (C16H32O2, 256 m/z) and stearic acid (C18H36O2,
284 m/z), show different behavior. Although both are emitted
from numerous sources, they are often linked with meat-cooking
operations (Robinson et al. 2006c; Rogge et al. 1991; Schauer
et al. 1999a). Few grill-based restaurants are located in the vicin-
ity of the sampling site. A fast food restaurant is located a few
blocks north/northwest, and to the south is the Riverfront, a
shopping center with a few bar/grill establishments. Both of
these compounds show a bias toward these directions in a wind-
rose plot (Figure 6c). The average signal per hour reveals that
both compounds peak in signal intensity in the early morning
hours after midnight, and then decline through mid-day (Figure
6d). The magnitudes of the diurnal variations for these com-
pounds are much greater than those for the other n-alkanoic
acids. The signal intensities of palmitic and stearic acid for each
sample are plotted against each other in a simple scatter plot
in Figure 7. Data points that combine to form a line indicate
one source since both will rise and fall together (Robinson et al.
2006b). In Figure 7a, two lines are drawn to indicate at least two
separate sources. Furthermore, these plots were repeated using
only data obtained from specific wind directions. Figures 7b

FIG. 7. Scatter plots of 256 m/z vs. 284 m/z. Lines are drawn as a guide to
the eye. a) Plot of all measurements during week. b) Plot of measurements for
a southerly wind direction (165–180◦). c) Plot of measurements for a northerly
wind direction (346–360◦). Measurements for wind speeds less then 1 m/s are
excluded from b) and c).

and 7c suggests one major source to the north, perhaps the fast
food establishment, and possibly two sources to the south, one
of which has a similar composition signature to that from the
north.

Two other components of meat-cooking aerosol were inves-
tigated in the dataset. Oleic acid (C18H34O2, 282 m/z) shows
similar wind and time dependences to palmitic and stearic acids
(Figure 6e, 6f). However, the north-south bias is less pronounced,
suggesting that other sources contribute more to the concen-
tration than palmitic and stearic acid. Cholesterol (C27H46O,
386 m/z) shows a different diurnal dependence, peaking in the
daytime. However, no wind dependence is seen. This could be
explained by the inherently low emission levels of cholesterol
relative to the three acids above, along with the possibility that
meat-less cooking gives the acids but not cholesterol. Although
cholesterol has been used as a tracer in areas with a high-density
of meat cooking operations (Rogge et al. 1991; Schauer et al.
1996), cholesterol is also emitted from other sources, and not al-
ways has been linked to meat-cooking in source apportionment
studies (Jaeckels et al. 2007).

n-Alkanes are emitted from nearly ever major organic aerosol
source, and sometimes they are the most abundant species
(Rogge et al. 1997). Emissions from vegetative detritus (Rogge
et al. 1993c) and plastic burning (Simoneit et al. 2005) can show
a dependence on odd or even numbered n-alkanes, suggesting
its usefulness as a source tracer. The CPI (carbon preference
index) from ions corresponding to C22-C37 n-alkanes is 0.93;
thus no significant odd/even dependence is seen, nor is one seen
in data isolated from wind directions pertaining to limited veg-
etation surrounding the site. Generally low wind-speed from
the required directions, or simply the trivial amount of vegeta-
tion in the area would prevent leaf-abrasion aerosol from being
produced at sufficient levels. Many m/z ratios corresponding
n-alkanes, including 240, 310, 338, 366, 408, 422, 436, and 464
all show an increased proclivity to come from the east/southeast
directions, and a smaller tendency from the southwest. It is of
interest to report the appearance of signal at 576 m/z, here re-
ported as hentetracontane, C41H84 (Figure 8a). n-Alkanes larger
than C34 can be found in tire wear particles (Rogge et al. 1993b);
however, hentetratcontane has not been reported in an ambient
sample previously.

The similarities in data between the n-alkanes and n-alkanoic
acids, both in wind and diurnal dependences, suggest their emis-
sion sources and behavior are similar. The diurnal dependence
shown by both types of compounds support suggestions that
emissions during the day are either mainly gas-phase or decay
quickly from local oxidants (Robinson et al. 2007; Stephanou
2005). The nighttime environment is more supportive of organic
species in the aerosol phase, since the lower temperature allows
primary organic emissions that undergo gas-particle partitioning
to favor the particle phase.

Signal from 149, 167 and 279 m/z, a series of phthalate peaks,
are seen in high levels of intensity throughout the week. Primary
emissions of phthalates have been seen in high amounts during
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FIG. 8. Time series, wind, and hourly dependence data for various m/z values discussed in text. All time series are smoothed with 4-point data averaging.
a) Hentetracontane (576 m/z) peaks during the nighttime hours, and has a bias towards the southwest and southeast. b) Phthalate ion 149 m/z shows daytime
dependence, and proclivity to come from the southwest. c) Hopane fragment ion 191 m/z shows large peaks during the weekend nights. d) Sum of diesel exhaust
related alkyl fragments 83, 97, and 111 m/z. A daytime enhancement is observed; the wind rose plot is the average of all three ions.

warm-temperature seasons in Sweden (Thuren and Larsson
1990) and suggested sources include plastics incineration (Si-
moneit et al. 2004; Simoneit et al. 2005; Stales et al. 1997).
These ions show an enhanced intensity from the southwest, and
a diurnal dependence that favors the daytime (Figure 8b). Pos-
sible sources from the southwest include a power plant, factory,
recycling facility and traffic along Interstate-95. The strong af-
ternoon dependence is potentially related to the higher temper-
ature, resulting in a higher concentration of phthalates in the air.
The increasing concentration during daylight hours could also

indicate the resulting formation of secondary organic aerosol
(SOA); phthalic acid has been identified as an SOA product
(Lewandowski et al. 2007).

There is some concern of contamination from the limited
amount of plastic sampling lines used from the PM inlet to the
m-VACES and inside the m-VACES itself. However, the temper-
atures inside the trailer and the m-VACES were held constant,
keeping sampling lines at a stable temperature. Furthermore, it is
difficult to correlate the potential contamination with significant
wind and time dependences shown in Figure 8b.
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Levoglucosan (C6H10O5, 162 m/z) is the dominant particle
phase emission of wood burning (Rogge et al. 1998; Schauer
et al. 2001; Simoneit et al. 1999). As might be expected in the
warmer summer weather, signal at 162 m/z (corresponding to
levoglucosan) was not found in enhanced amounts relative to
adjacent m/z values. This result was similar to that at the m/z
values of the other common wood burning emissions, including
abietic and dehydroabietic acid, syringaldehyde, vanillin, and
isopimaric acid.

DISPERSE SOURCES
PAHs are carcinogenic compounds produced mainly from

combustion sources such as vehicle exhaust, biomass burning
and industrial processes (Hays et al. 2003; Lim et al. 2005; Marr
et al. 2006; Robinson et al. 2006b; Rogge et al. 1993a). The
sampling site is a short distance from a couple of major highways
and is surrounded by various streets. Despite the presence of
local traffic, no diurnal dependence on rush hour is evident. The
high number of disperse sources around the site, combined with
a semi-volatile nature of 2 and 3 ringed PAHs can explain the
absence of any time or wind trends during the week. Even with
relatively low signal intensities from the PAHs, a significant
concentration spike was detected late in the week. This spike
lasted 30 minutes, and the wind direction was the same before
and after the event. This implies that it was caused by a short
time period emission rather than a continuous plume that was
temporarily swept to the site. It has been reported previously
that PAH levels are often lower in the summer compared to
other seasons (Emmenegger et al. 2005; Li et al. 2006).

Hopanes are a class of compounds strongly correlated to ve-
hicle emissions (Rogge et al. 1993a; Schauer et al. 1999b). They
have a characteristic fragment ion at 191 m/z that is observed
in the dataset. Much like the PAHs, no trend is seen regarding
signal spikes at rush hour; however, significant spikes were seen
in the early morning weekend hours (Figure 8c). Each of these
high concentration episodes occurred when wind was coming
in from the direction of Interstate-95. Traffic was not monitored
during the course of the study, but it is possible that late night
traffic events could have caused the signal increase. Another
sampling session during cooler weather and/or maximum traffic
period, like that seen during holiday travel, would provide fur-
ther insight to the time trends seen here. Ambient hopane levels
during the summer can be lower than other seasons (Robinson
et al. 2006a; Subramanian et al. 2006).

Ions at 83, 97 and 111 m/z have previously been identified in
PIAMS spectra as alkyl fragments from unburned fuel droplets
in diesel exhaust (Oktem et al. 2004). These three ions correlate
well to each other and have similar diurnal patterns (Figure 8d).
Similar to the hopanes and PAHs discussed above, no wind de-
pendence is seen in the data averaged over the sampling period.
Unlike those compounds, the alkyl fragment ions are signifi-
cantly enhanced in the daytime, especially before and after lunch
hour. Furthermore, the alkyl fragment ions exhibit a different di-

urnal dependence from the n-alkane molecular ions. The time
series of the alkyl fragment ions in Figure 8d shows a gradual
increase during the week, then a decrease on the weekend. While
the 24 hour wind rose plot in Figure 8d shows no directionality,
a slight signal enhancement is observed in the direction of the
Interstate and bus depot if only the daytime measurements are
included.

CONCLUSIONS
Ambient organic aerosol measurements were achieved with a

time resolution of 3.5 minutes using PIAMS in conjunction with
the m-VACES. Measurements from an initial one week sampling
campaign yielded detailed information concerning rapid con-
centration changes for a variety of pertinent organic compounds.
This information was combined with meteorological data to cor-
relate some chemical species with potential source locations.
Some compounds, such as the n-alkanes and n-alkanoic acids,
were observed at the highest levels during the night and showed
significant wind direction dependence. Signal related to disperse
sources such as car and diesel exhaust indicated little overall time
and wind dependence. Based on the length of high-concentration
particle events seen from a variety of different species, a min-
imum time resolution of 30 minutes is suggested to accurately
describe most significant concentration changes. While absolute
changes in ion signal intensities are directly related to absolute
changes in ambient concentration, quantification of the actual
amounts was not possible in the current study. In future work,
quantification may be achieved when PIAMS measurements are
referenced to other data such as GC-MS, OC/EC, and particle
size distributions.
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