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Abstract

The Aerodyne Aerosol Chemical Speciation Monitor (ACSM) was recently developed
to provide long-term real-time continuous measurements of ambient non-refractory
(i.e., organic, sulfate, ammonium, nitrate, and chloride) submicron particulate mat-
ter (NR-PM1). Currently, there are a limited number of field studies that evaluate the5

long-term performance of the ACSM against established monitoring networks. In this
study, we present seasonal intercomparisons of the ACSM with collocated fine aerosol
(PM2.5) measurements at the Southeastern Aerosol Research and Characterization
(SEARCH) Jefferson Street (JST) site near downtown Atlanta, GA, during 2011–2012.
The collocated measurements included a second ACSM, continuous and integrated10

sulfate, nitrate, and ammonium measurements, as well as a semi-continuous Sunset
organic carbon/elemental carbon (OC/EC) analyzer, continuous tapered element os-
cillating microbalance (TEOM), 24 h integrated Federal Reference Method (FRM) fil-
ters, and continuous scanning electrical mobility system-mixing condensation particle
counter (SEMS-MCPC).15

Intercomparison of the two collocated ACSMs resulted in strong correlations (r2 >
0.8) for all chemical species, except chloride (r2 = 0.21); mass concentration for all
chemical species agreed within ±27 %, indicating that ACSM instruments are capable
of stable and reproducible operation.

Chemical constituents measured by the ACSM are also compared with those ob-20

tained from the continuous measurements from JST. Since the continuous measure-
ment concentrations are adjusted to match the integrated filter measurements, these
comparisons reflect the combined uncertainties of the ACSM, continuous, and fil-
ter measurements. In general, speciated ACSM mass concentrations correlate well
(r2 > 0.7) with the continuous measurements from JST, although the correlation for25

nitrate is weaker (r2 = 0.55) in summer. Differences between ACSM mass concentra-
tions and the filter-adjusted JST continuous data are 5–27 %, 4–25 %, and 34–51 %
for sulfate, ammonium, and nitrate, respectively. These comparisons are all close to

11183

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/6/11181/2013/amtd-6-11181-2013-print.pdf
http://www.atmos-meas-tech-discuss.net/6/11181/2013/amtd-6-11181-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
6, 11181–11213, 2013

Intercomparison of
an Aerosol Chemical
Speciation Monitor

S. H. Budisulistiorini et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

the stated ±30 % accuracy of the ACSM except for nitrate. These discrepancies could
be due to positive biases in the ACSM nitrate concentrations from interferences at the
NO+ (m/z 30) fragment ion and/or negative artifacts in the nitrate filter measurement
(from volatilization of NH4NO3) are also possible.

The organic matter (OM)/OC ratios derived from linear regression of ACSM OM5

vs. Sunset OC/EC analyzer are 4.18±0.04 and 3.59±0.02 for summer and fall, re-
spectively. Linear correlations of the ACSM NR-PM1 plus EC with TEOM PM2.5 mass
are strong (r2 > 0.7) with percentage difference of 19 % and 80 % during summer and
fall, respectively. On the other hand, the ACSM NR-PM1 correlation with FRM PM1 is
high (r2 > 0.8) with percentage difference of ±47 % over three seasons. Correlation of10

ACSM NR-PM1 plus EC mass with SEMS-MCPC PM1 volume concentration results in
an estimation of aerosol density of 1.61 gcm−3 for fall 2012 period.

ACSM organic concentrations measured during this study were obtained using rela-
tive ionization efficiency (RIE) values observed in Aerodyne Aerosol Mass Spectrome-
ter (AMS). Explicit calibration of the ACSM relative ionizations for ammonium, nitrate,15

and sulfate, during this study was shown to improve the comparisons between ACSM
and collocated measurements for these species. The accuracy of the organic and total
mass concentrations would likely also be improved if organic relative ionization effi-
ciency values for the ACSM were available during this study. Laboratory calibrations of
ACSM relative ionization efficiencies using organic particles of known composition are20

recommended for future studies.

1 Introduction

Atmospheric fine particulate matter with aerodynamic diameters less than or equal to
2.5 microns (PM2.5) have adverse effects on human health (Dockery et al., 1993), re-
duce visibility, and play a role in Earth’s climate (Hallquist et al., 2009). As a result,25

there has been an ongoing need to resolve the chemical composition of PM2.5 in order
to identify their exact sources, and thus, develop effective control strategies. Organic
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matter (OM) contributes a major fraction (25–70 %) of the submicron (PM1) mass in
the troposphere; however, its sources, composition and atmospheric chemical trans-
formations remain unclear (Jimenez, 2009). Inorganic aerosol constituents, such as
sulfate (SO2−

4 ), nitrate (NO−
3 ), ammonium (NH+

4 ), and chloride (Cl−) can also be major
components of PM2.5, depending on location and time of year.5

Numerous methods for measuring the mass and chemical composition of PM have
been put forward, including integrated-filter samplers with subsequent laboratory anal-
ysis (e.g., Baumann et al., 2003; Solomon et al., 2003b), semi-continuous methods
(e.g., Weber et al., 2003a, b; Lim et al., 2003), and real-time instruments (e.g., Gard
et al., 1997; Lee et al., 2002; Jimenez et al., 2003). Differences between sampling10

techniques may occur for a host of reasons, including design, analysis methods, and
assumptions used in data reduction. Hence, comparison of new sampling methods with
established techniques allows one to determine its suitability for long-term air quality
monitoring.

During the US EPA-sponsored Supersites project at the Southeastern Aerosol Re-15

search and Characterization (SEARCH) Jefferson Street (JST) site near downtown
Atlanta, Georgia, comparison of continuous measurements showed a good correla-
tion between aerosol mass spectrometry (AMS) and ion-chromatography (IC) tech-
niques. Furthermore, a stronger correlation was found from comparison of the AMS
with the semi-continuous methods for SO2−

4 and NO−
3 than with the particle analysis20

by laser mass spectrometry (PALMS) (Solomon et al., 2003a, and references therein).
Comparison of integrated samplers showed that mass, SO2−

4 , NO−
3 , NH+

4 , and organic
carbon (OC) concentration agreed within ±20 %, ±10 %, ±30–35 %, ±10–15 %, and
±35–45 %, respectively (Solomon et al., 2003b). Solomon et al. (2003b) suggested
that significant differences between samplers measuring OC and NO−

3 are due to their25

semi-volatile characteristics and collection issues as well as differences in sampler
designs (i.e., inlet efficiency, presence of denuder for semi-volatile species, and evap-
oration from the filter when placed behind a denuder). In addition, the SEARCH sites
also conduct PM2.5 monitoring based on Federal Reference Methods (FRM) in order to
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compare results of research methods with those relevant for compliance with the Na-
tional Ambient Air Quality Standards (NAAQS) for PM2.5. A significant conclusion from
the Supersite comparison study is that the semi-continuous methods suffered less from
sampling artifacts due to the shorter sampling periods and method of collection than
the filter-based methods (Solomon et al., 2003a).5

The ACSM is reliable for long-term operation with minimum user intervention, yet it
provides similar composition data as from the AMS. The key differences between the
ACSM and the AMS is that the ACSM lacks a particle beam chopper for particle sizing
measurements and utilizes a lower grade quadrupole that results in reduced sensitivity
of the ion signals (Ng et al., 2011). The ACSM performance has been evaluated with10

collocated measurements during its initial deployment in Queens, New York (Ng et al.,
2011). This recent study showed that the ACSM data are strongly correlated (r2 > 0.8)
with the aerodyne high-resolution time-of-flight aerosol mass spectrometer (HR-ToF-
AMS), where all species, except for NO−

3 , were measured 5–24 % lower by the ACSM

(Ng et al., 2011). Comparisons of SO2−
4 aerosol showed good correlations between15

the ACSM and the particle-into-liquid-sampler coupled to an ion chromatograph (PILS-
IC), and the Thermo Scientific Sulfate Particulate Analyzer (model 5020i). The ACSM
measured 31 % lower for SO2−

4 than these two instruments (Ng et al., 2011). For NO−
3

aerosol, the ACSM measured 25 % lower than the PILS-IC (Ng et al., 2011). A recent
deployment of the ACSM in Beijing, China, reported a good correlation between the20

total non-refractory PM1 (NR-PM1) estimated from the sum of all species measured
by the ACSM with the PM2.5 measured by tapered element oscillating microbalance
(TEOM), where the ACSM NR-PM1 reported 64 % of the TEOM PM2.5 mass (Sun
et al., 2012).

The present study compares ambient NR-PM1 measured by the ACSM with a suite25

of collocated particle measurements in Atlanta, Georgia. The collocated particle mea-
surements include another ACSM operated by the Georgia Institute of Technology
(GIT), continuous SO2−

4 , NO−
3 , and NH+

4 measurements operated by Atmospheric Re-
search & Analysis Inc. (ARA), semi-continuous OC/EC measurements, total PM2.5
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mass measured by TEOM, continuous PM1 volume concentrations obtained by a scan-
ning electrical mobility system (SEMS) coupled to a mixing condensation particle
counter (MCPC), integrated SO2−

4 , NO−
3 , and NH+

4 by particle composition monitor
(PCM) developed by ARA, and integrated PM2.5 and PM1 mass measurements based
on the Federal Reference Method (FRM).5

In the discussion that follows, we first compare individual species (i.e., OM, SO2−
4 ,

NO−
3 , NH+

4 , and Cl−) and total NR-PM1 mass measured from collocated ACSMs during
a short period between January and February 2012. Secondly, we compare species
measurements (minus chloride) and total mass from the ACSM with OC, SO2−

4 , NO−
3 ,

NH+
4 , and PM2.5 from continuous and filter measurements at the JST site during sum-10

mer and fall 2011. Lastly, we compare mass from the ACSM with total mass from inte-
grated FRM measurements in three short periods of January–February, April–May, and
July 2012, and from continuous measurements (i.e., SEMS-MCPC) from 17 October
to 20 November 2012.

2 Experimental section15

2.1 Site description

Ambient aerosol from Atlanta, Georgia, was collected at the JST site (33.7775◦ N,
84.4166◦ W), which is located in a mixed industrial-residential area about 4.2 km north-
west of downtown Atlanta (Solomon et al., 2003a; Hansen et al., 2003). The JST site is
one of the research sites of SEARCH network that is equipped with a suite of gas, par-20

ticle, and meteorological measurements. Details of these measurements are described
in subsequent sections. The University of North Carolina at Chapel Hill (UNC) ACSM
was operated continuously at JST from 27 July 2011 through 21 September 2012, while
the GIT ACSM was deployed at this site from 31 January through 29 February 2012.
The period when both ACSMs were collocated at JST is used to evaluate the ACSM25

performance, and the extended periods in 2011 and 2012 are used to evaluate the
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accuracy of ACSM measurements against established monitoring network measure-
ments.

2.2 NR-PM1 and chemical measurements by the ACSM

During February 2012, NR-PM1 was measured by two ACSMs that belong to UNC and
GIT, and placed in an air-conditioned trailer at JST. Sampling conditions for both AC-5

SMs are described in Table 1. Both ACSMs were operated to scan 150 mass-to-charge
(m/z) of fragmented ions at a rate of 500 msamus−1. Particle-laden and particle-free
air were sampled interchangeably and averaged over ∼ 30 min intervals for each mea-
surement. The ACSMs were calibrated for absolute and relative ionization efficien-
cies (RIEs) of NO−

3 and NH+
4 , respectively, according to procedures explained in Ng10

et al. (2011) and the resulting values for each instrument are reported in Table 1. An
airbeam signal (i.e., m/z 28) was used to normalize the measurements with respect
to instrument measurement sensitivity (i.e., secondary electron multiplier (SEM) gain
decay) and sampling flow rate instead of a diffuse naphthalene source due to low naph-
thalene emission. Data acquisition software provided by ARI was used to process the15

measurements to obtain total organic and inorganic (i.e., SO2−
4 , NO−

3 , NH+
4 , and Cl−)

aerosol mass concentrations. Further details of the concentration calculation are dis-
cussed by Ng et al. (2011) and shown in Eq. (1).

CS =
CEs

Tm/z
× 1012

RIES
×
Qcal ×Gcal

RFNO3

× 1
Q×G

∑
all i

ICS,i (1)
20

Species mass concentration (Cs) is calculated based on measured ion current (IC in
amps) at fragment ion i . CEs is collection efficiency for species s and RFNO3

is instru-
ment response factor from calibration. Tm/z is correction for the m/z dependent ion
transmission efficiency of the quadrupole. Qcal and Gcal are the volumetric sample flow
rate and multiplier gain, respectively, and were determined from calibration. Q and G25
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are similar to Qcal and Gcal during calibration; thus, these parameters cancel each other
out.

RIEs (relative ionization efficiency) for species s was determined from calibrations
of laboratory-generated aerosols of each species using Aerodyne AMS (Alfarra et al.,
2004; Canagaratna et al., 2007). Since the ACSM particle vaporization and ioniza-5

tion source are similar but not identical in design to that of the AMS, there may be
differences in RIE values compared to those referenced above. Relative ionization effi-
ciency of ammonium (RIENH4

) for both ACSMs is provided in Table 1. Instead of default
RIESO4

= 1.2, fitted RIESO4
values of 0.95, 0.77, 0.79, 1.1, 0.73, and 0.44 were used

for summer and fall 2011, winter, spring, summer, and fall 2012 datasets, respectively.10

Details on calculation of fitted RIESO4
values are provided in the supplemental section.

Explicit calibration of RIESO4
during winter 2013 yielded a value of ∼ 0.7 indicating that

the fitting approach is consistent with the calibrations. We found that SO2−
4 percent dif-

ference between ACSM and collocated measurement at JST was improved from about
50 % to less than 30 %. Therefore, in addition to regular calibration using NH4NO3, we15

recommend additional calibration using (NH4)2SO4 to obtain an RIESO4
value specific

for the ACSM.
A collection efficiency (CE) of 0.5 was used to calculate mass concentration. We

used a nafion dryer to dry ambient air samples; investigation of species-dependent CE
suggested that CE is not influenced by highly acidic aerosol or ammonium nitrate as20

provided in the supplemental information. Some measurement periods were excluded
from the data analysis due to operational and maintenance issues, such as shutdown
during calibrations. Once the combined uncertainties due to the calibrations and as-
sumptions are taken into account, the speciated ACSM mass concentrations are esti-
mated to be accurate to within ±20–35 % based on AMS uncertainty (Bahreini et al.,25

2009).
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2.3 Chemical constituents measured by integrated and continuous particle
measurements at JST site

Details of the JST site measurements are provided elsewhere (Hansen et al., 2003;
Edgerton et al., 2005, 2006). Inlets for particle samplers are mounted on the rooftop
of the sampling trailer about 5 ma.g.l. The particle measurements consist of 24 h fil-5

ter sampling conducted every third day (daily for PM2.5 and PM1 mass) and continu-
ous and semi-continuous measurements by instruments placed in an air-conditioned
trailer. Integrated, semi-continuous, and continuous PM2.5 measurements are listed in
Table 2, and described briefly below. Field blank loadings of JST site measurements
are generally insignificant for SO2−

4 , NH+
4 and OC, but can be significant for NO−

3 and10

EC mostly due to loadings at or below detection limit of those components (Edgerton
et al., 2005). We emphasize here that the JST site aerosol instruments are based on
gas phase detection of aerosol conversion products (e.g., SO2 from SO2−

4 and NO from
NO−

3 ), therefore, are calibrated with standard gases instead of directly by particle mass
generated from an atomizer combined with SEMS-MCPC as done for the ACSM.15

2.3.1 Particle components measurements

Details of the semi-continuous and continuous PM2.5 sampling and analysis are pro-
vided in Edgerton et al. (2006) and in the supporting information. Briefly, PM2.5 mass
is measured continuously using an R & P Model 1400a/b TEOM operated at 30 ◦C to
reduce losses of semivolatile compounds and with main flow rate of 3 Lmin−1. Sam-20

ple air was pulled through PM10 inlet followed by PM2.5 very sharp cut cyclone that
goes inside the trailer where a multitube nafion drier (Perma Pure) is installed to dry
the sample. SO2−

4 is measured continuously using a modified Harvard School of Pub-
lic Health (HSPH) Sulfate Particulate Analyzer. NH+

4 and NO−
3 were measured using

a three-channel continuous differencing method developed by ARA, Inc. (Edgerton25

et al., 2006). Total carbon (TC) was semi-continuously measured by a Sunset OC/EC
instrument (model 3). Black carbon (BC) or EC is measured using a Magee Scientific
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Model AE-16 single-beam aethalometer that measures EC based on attenuation of
light at a wavelength of 880 nm.

Inorganics, OC, and total mass concentrations from the continuous analyzers (here-
after referred as Level_1 data) were adjusted to match the filter-based data via linear
regression since the continuous analyzers have been shown to drift over time. New5

adjustments are applied every 1–2 months, depending on the stability of the individual
analyzer. The resulting filter-adjusted continuous data (hereafter referred as Level_2
data) have been shown to agree well (r2 > 0.8) with the filter-based measurements
(Edgerton et al., 2006). With respect to carbon measurements, OC is calculated as the
difference between filter-adjusted TC and filter-adjusted EC, and OM is estimated from10

applying an OM/OC ratio of 1.4 (Edgerton et al., 2006).
The component mass loadings from each filter were blank-corrected using SEARCH

network-wide average loadings from field blanks, then the corrected loading was nor-
malized by sampling volume. Details of the integrated measurements at the JST site
are provided in Edgerton et al. (2005). This study will focus on comparison between15

ACSM and JST filter-adjusted continuous measurements. Results of intercomparison
between ACSM and filter measurements are presented in the supporting information.

2.4 Total particle mass and volume measurements

PM2.5 mass concentrations were obtained by several methods during this campaign.
Continuous total mass concentrations were obtained with the TEOM (after adjustment20

to match the integrated particle composition monitor (PCM)-based PM2.5). The JST
integrated PM2.5 values were obtained by adding blank-corrected PCM measurements
together with volatile NO−

3 from PCM nylon, volatile NH+
4 and volatile OM from PCM

back filter.
FRM filter samples were collected for 24 h using dual Rupprecht and Patashnick25

Model 2025 sequential FRM monitors to determine both PM2.5 and PM1 mass. 47 mm
diameter Teflon filters (2-µm pore size) were used for these measurements, and the
collection, processing, and analysis of these filters followed FRM protocol (Code of
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Federal Regulations, 2001). PM1 filters were sampled during three separate sampling
periods: January to February, April, and July 2012, representing winter, spring, and
summer seasons, respectively.

Total PM1 volume measurements were obtained using the Brechtel Manufacturing
Incorporated (BMI) SEMS equipped with a cylindrical-geometry DMA and an MCPC.5

The DMA was set to size particles between 10–1000 nm in diameter for both up and
down scans. DMA sheath airflow rate was set to 5 Lmin−1 and particles were sampled
at 0.5 Lmin−1. Particle volume concentration from each scan was collected every 120 s,
and both up and down scans were averaged to get one data point every 4 min and 30 s,
which includes the scanning delay time.10

3 Results

3.1 Intercomparison between the UNC and GIT ACSMs

The UNC and GIT ACSMs were collocated from 10 January to 23 February 2012.
Intercomparisons of chemical species between the two ACSMs shown in Fig. 1 indicate
strong correlations (r2 > 0.8), except for chloride (r2 = 0.21). Slopes and intercepts of15

the linear regression are provided in Table 3. Weaker correlations of chloride might be
due to its low concentration in Atlanta, and thus, the measurements are likely within
the detection limit of both ACSMs.

3.2 Intercomparison of ACSM with collocated JST measurements

Intercomparisons of species and total mass measurements by the ACSM, continu-20

ous particle measurements from JST, Sunset OC analyzer (model 3), and TEOM
PM2.5 (model 1400a/b) at the JST site are given in Table 3 for summer (8 August
to 14 September) and fall (17 October to 21 December) 2011 sampling periods. Col-
located mass and chemical constituents measurements were averaged to the ACSM
sampling times to allow for a direct intercomparison. Previous intercomparison studies25
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conducted at the same site have been limited to the summer season (Solomon et al.,
2003a); therefore, results from this study could reveal possible meteorological variation
across seasons and instrumentation differences in aerosol measurements. In summer,
the ACSM has a strong correlation (r2 > 0.7) with all continuous measurements from
JST, except for NO−

3 which has a moderate correlation (r2 = 0.55). Similarly, the ACSM5

has strong correlations (r2 > 0.7) with continuous measurements from JST in the fall,
except for SO2−

4 during periods in December where it has a weak correlation (r2 = 0.22)
(Fig. S5).

3.2.1 Species comparison

ACSM OM is strongly correlated with OC from the Sunset OC/EC analyzer (r2 values10

are 0.86 and 0.92 for summer and fall, respectively) and the resulting ratios (from linear
regression slopes in Table 3) of OM/OC are 4.18±0.04 and 3.59±0.02 in summer and
fall, respectively. ACSM OM vs. Sunset OC correlations are likely higher since they are
both real-time and not affected by storage related losses, such as that from the filter
measurements.15

ACSM SO2−
4 is strongly correlated with that from JST continuous measurements

in the summer (r2 = 0.84) and for some periods in the fall (r2 = 0.83; September–
November); however, the correlation is weaker for some periods in December (r2 =
0.22) when JST measured several instances of very high SO2−

4 aerosol. The linear re-
gression slopes are 0.95 and 1.27 with intercepts of −0.38 and −0.30, for summer and20

fall, respectively. These results are close to previous sulfate intercomparisons between
ACSM and collocated measurements (slope= 0.95, 0.69, 0.69, for HR-ToF-AMS, PILS-
IC, and sulfate particulate analyzer, respectively) (Ng et al., 2011). The ACSM and filter
measurements show a good trend (r2 > 0.7, see Fig. S7) for the December period, sug-
gesting that the large discrepancies observed between the ACSM and JST data might25

be caused by some unknown issues with the JST continuous measurements during
this sampling period.
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For NH+
4 comparison, correlations are high (r2 =∼ 0.8) and intercepts for both sum-

mer and fall are insignificant. The intercomparison with filter NH+
4 measurements yields

slopes of 0.67 (r2 = 0.69) for summer and 1.30 (r2 = 0.96) for fall.
Intercomparisons between ACSM NO−

3 and JST continuous NO−
3 result in linear re-

gression slopes of 1.34 (r2 = 0.55) and 1.51 (r2 = 0.81) in the summer and fall, respec-5

tively. During both summer and fall, the intercepts are about 0.3, which might indicate
a baseline offset issue. Similarly, intercomparison with filter-derived NO−

3 resulted in

a large slopes of 2.56 with a weak correlation (r2 = 0.36) and insignificant intercept
in summer and 1.27 with a good correlation (r2 = 0.74) and an intercept of 0.38 in
fall. The weaker correlation in the summer might be due to the low NO−

3 loadings and10

evaporative losses from filters that will be discussed later.
JST did not measure Cl− continuously. Intercomparison of Cl− measurements from

the ACSM and filters resulted in a weak correlation in summer (r2 = 0.12) with a slope
of 0.38, but a stronger association in fall (r2 = 0.80) with a slope of 0.52.

3.2.2 Total mass comparison15

ACSM PM1 mass was determined from the sum of ACSM OM, SO2−
4 , NO−

3 , NH+
4 , and

Cl− as well as EC from the Sunset OC/EC analyzer. The intercomparison of the ACSM
PM1 and TEOM PM2.5 shows a good correlation with r2 values of 0.71 and 0.83, re-
spectively, and slopes of 1.19 and 1.80 for summer and fall, respectively (Table 3).
A strong association between the ACSM PM1 and the filter-derived PM2.5 was found,20

with r2 values of 0.96 and 0.96 and slopes of 1.14 and 1.70 in summer and fall, respec-
tively. As in the speciated ACSM and PCM measurement comparisons, discrepancies
in the fall might have resulted from positive biases of species measurements by the
ACSM. Since the TEOM measurements are adjusted to match filter mass concentra-
tions, it is also possible that the adjusted TEOM values are lower than the ACSM PM125

values because of evaporation of semi-volatile organics and nitrates from the filters
during storage.
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The ACSM data were averaged to the FRM filter sampling times, which was 24 h
(midnight to midnight) during each sampling period. Comparison between the ACSM
NR-PM1 and FRM PM1 in winter, spring, and summer 2012 shows a good correlation,
with r2 values of> 0.80 (Table 3), and the mass concentrations agreed within ±47 %.
For the same period, comparison of ACSM NR-PM1 and FRM-PM2.5 shows a good5

correlation > 0.80 and the mass concentration agreed within ±39 % (Fig. 2). The tighter
comparisons during summer (r2 > 0.8) compared to winter (r2 =∼ 0.6) might suggest
meteorological influence to total mass measurements.

The SEMS 4 min data were averaged to the ACSM sampling time of 30 min and com-
parison of PM1 is presented in Fig. 3. Comparison of ACSM NR-PM1 mass concen-10

tration and SEMS PM1 volume concentration shows a strong association (r2 = 0.89,
slope= 1.46±0.01, and intercept= 1.25±0.11).

4 Discussion

4.1 Intercomparison between ACSM instruments

Based on slopes of the linear regression from UNC ACSM vs. GIT ACSM provided in15

Table 3, UNC ACSM measured 14 % higher OM, 27 % lower SO2−
4 , 2 % lower NO−

3 ,
21 % higher NH+

4 , and 40 % lower Cl− than GIT ACSM. This gives an overall ±27 % of
percentage difference of speciated mass concentrations, with exception of Cl− (40 %),
between two independent ACSM measurements. The largest difference in these com-
parisons is observed from SO2−

4 which can be attributed to instrument RIE fitting re-20

sults. The fitting approach yielded SO2−
4 RIE values of 0.79 for the UNC ACSM and

0.54 for the GIT ACSM. The calibrated RIENH4
values for the UNC ACSM and GIT

ACSM were 6 and 4.3, respectively. Larger difference of Cl− measurement are due to
its significantly lower concentration in Atlanta during the entire sampling period. This
resulted in weaker correlation between the two instruments although both instruments25
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capture similar large peaks of Cl− for some periods. Therefore, Cl− uncertainty might
need to be viewed separately from the other species. Taken together, this compari-
son indicates that the ACSM mass concentrations (speciated and total) lie within the
estimated uncertainty of this technique.

4.2 OM/OC ratio5

Comparisons of ACSM OM and Sunset OC/EC resulted in OM/OC ratios of 4.18±
0.04 for summer and 3.59±0.02 for fall. The large OM/OC ratios might be attributed
to evaporation of semi-volatile organic compounds (SVOCs) from the Sunset OC/EC
analyzer, or condensation of SVOC or adsorption of VOC on the filter (Couvidat et al.,
2013), which is reflected in the JST filter-adjusted continuous data.10

The OM/OC ratios derived from the regression linear slopes are larger than most
OM/OC ratios previously reported in the literature. These values are significantly
higher than the traditionally used values of 1.6 for urban aerosol and 2.1 for nonurban
aerosol (Turpin, 2001; Lim and Turpin, 2002; Russell, 2003). They are also larger than
those found from recent HR-ToF-AMS intercomparisons with Sunset OC/EC analyzer15

that report ∼ 1.8 from September in Pittsburgh (Zhang et al., 2005a), 1.8 and 1.6 from
summer and fall in Tokyo (Takegawa, 2005), 1.41–2.15 from March in Mexico (Aiken
et al., 2008), 2.59 from August in New York City (Sun et al., 2011) and 3.3 from sum-
mer in Pasadena (Hayes et al., 2013). Studies in Atlanta also reported a high variability
of OM/OC ratio, from 1.23–3.44 in August 1999 (Baumann et al., 2003) and 1.77 in20

December 1999 to 2.39 in July 1999 (El-Zanan et al., 2009). These suggest variability
in OM/OC ratios based on location, time or meteorological conditions, and/or that the
ACSM is measuring organic mass much higher than it should since it is using AMS-
based RIE values for organic (i.e., RIE= 1.4) rather than those that have been explicitly
measured for ACSM instruments.25

The large OM/OC ratios might also suggest photochemically, well-aged, and well-
mixed air masses contain particle-phase organics that are more oxygenated and less-
volatile compared to more stagnant air masses where less polar and more volatile
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organics can be found possibly due to incomplete photochemical oxidation leading
to more labile functional groups and intermediates. An offline polarity-based analy-
sis suggested values of 1.9 to 2.1 for OM/OC ratios due to aging and oligomeriza-
tion processes in the atmosphere (Polidori, 2008). In addition, water-soluble organic
aerosol was observed to have higher OM/OC ratios than that of less water-soluble5

organics, ranging from 2.1–2.3 in the Great Smoky Mountains to 3.3 in downtown LA
(Turpin, 2001). Furthermore, ratios of 2–3.12 were observed from organic fractions that
could not be extracted using organic solvent (Polidori, 2008), indicating that compound-
specific polarity might be related to sources of organic aerosol. Therefore, besides
overestimation of OM by ACSM as noted above, high OM/OC ratios might indicate10

that the organic aerosol is more water-soluble in nature.
Overestimation of OM by the ACSM could arise from underestimation of the RIE

value of organic species. The RIE values used in this study are based on experiments
using the AMS instrument which is similar but not identical to the ACSM. Thus, there is
a need to conduct laboratory calibrations using organic particles of known composition15

for determination of organic RIE values for the ACSM. The large OM/OC ratios might
also be attributed to uncertainties the Sunset OC/EC analyzer. The presence of a de-
nuder on the inlet of Sunset OC/EC analyzer, for example, might cause evaporation
of particulate OC from the collection filter due to re-partitioning of SVOC after removal
of gaseous organics by denuder (Grover et al., 2008). Also, Sunset OC was estimated20

to have about 20 % of uncertainty (Peltier, 2007), which may contribute to the high
OM/OC ratio although this uncertainty is still within 30 % of ACSM uncertainty.

4.3 SO2−
4 and NH+

4 measurements variations

On average, ACSM measured SO2−
4 5 % lower and 27 % higher than continuous mea-

surements in summer and fall, respectively. For NH+
4 , ACSM measured 6 % and 29 %25

higher than continuous measurements in summer and fall, respectively.
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The fact that SO2−
4 is more abundant in summer and NO−

3 is more abundant in fall,
is likely indicative of the influence of meteorology on particle transformations in the
atmosphere. Previous comparison of SO2−

4 measurements from the Thermo Electron
5020 Sulfate Particulate Analyzer with filter-based methods from laboratory and field
studies observed good correlations (i.e., slope derived from field study was closer to 15

than that of laboratory study) (Schwab, 2006). It should be noted that Schwab (2006)
suggested that the slope differences are due to ambient SO2−

4 from the field study being

catalytically converted to SO2 faster than the laboratory-generated SO2−
4 . During this

study, the ACSM SO2−
4 measurements discrepancies are 5–27 % compared to that of

the continuous modified HSPH sulfate analyzer. This difference is within the expected10

accuracy of the ACSM measurements, but since the JST continuous SO2−
4 values are

obtained after adjusting to filter data, the bias could be due to artifacts from the filter
data.

4.4 Discrepancies of NO−
3 measurements

On average, ACSM measured NO−
3 about 34 % and 51 % higher than continuous mea-15

surements in summer and fall, respectively. ACSM NO−
3 measurements are based on

the measured m/z 30 and m/z 46 ion signals. Positive biases at m/z 30 are possible
due to contributions to this ion from NO+ fragments of organic nitrates and/or contri-
butions from organic CH2O+ ions. Further investigation of interference of m/z 30 is
provided in the supplemental section.20

The continuous NO−
3 data are adjusted to the integrated NO−

3 data and this can
impose measurement biases, especially for semi-volatile compounds such as NO−

3 .
Hering et al. (1999) reported lower aerosol NO−

3 mass from Teflon filters compared
to that from denuded nylon filters. For this study, the PCM filter samples utilized both
Teflon and nylon filters downstream of a denuder, in order to account for NO−

3 losses.25

Previous SEARCH results have compared NO−
3 measurements with parallel systems:
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one with a Teflon pre-filter and nylon backup filter (PCM1) and the other with just a nylon
filter (PCM2) (Edgerton et al., 2005). Both systems were denuded to remove artifacts of
HNO3 and NH3, thus thermodynamics should favour metathesis of NH4NO3. Summer
results showed that PCM1 agreed with PCM2 within 5 % and that> 95 % of the NO3
from PCM1 was on the nylon backup filter. Fall results showed agreement within 10 %5

and> 90 % on the nylon filter (Edgerton et al., 2005). While the use of nylon backup
filters likely minimized NO−

3 losses during sampling, additional loss during filter storage
and conditioning before off-line chemical analysis cannot be ruled out and could have
contributed to the observed discrepancy.

Changes in meteorological conditions from summer to fall might influence the equi-10

librium partitioning behaviour of nitrogenous compounds. Low temperatures and high
relative humidity (RH) in the fall could create thermodynamic conditions that favour the
partitioning of gaseous NO−

3 to the aerosol phase (Hennigan et al., 2008; Rastogi et al.,
2011). The fact that the observed NO−

3 discrepancies are larger in the fall than the sum-
mer is consistent with evaporative loss of NO−

3 from the filter samples and reflected in15

the filter-adjusted continuous data.
In summary, it is unclear if the higher ACSM NO−

3 loadings reflect true NO−
3 levels

which include contributions from organic nitrate not captured by JST NO−
3 or if it is

from inaccurate subtraction of m/z 30 originating from oxidized organic aerosol. Also
possible, the discrepancy may be due to under-estimation of JST NO−

3 due to volatility20

losses from the filters which are used to scale the JST NO−
3 Level_1 data. Likely some

combination of all of the above, which cannot be clearly determined from this data set,
explains the differences between NO−

3 measurements.

4.5 Total mass measurements variations

On average, the ACSM measured 16.8±6.9 and 13.7±10.0 µgm−3 of PM1 mass in25

summer and fall, respectively, while the TEOM measured 13.7±5.1 and 9.1±5.6 µgm−3

of PM2.5 mass during the same periods. ACSM PM1 was determined by summing
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ACSM organic and inorganics plus EC measurements from JST site. This study shows
that ACSM PM1 is 19–80 % higher than TEOM PM2.5. Previous intercomparisons of
the same instruments in summer at Beijing suggested that ACSM measured ∼ 30 %
less than TEOM PM2.5 (Sun et al., 2012). Since the ACSM PM1 mass is a sum of
species concentrations, the discrepancies in species specific intercomparisons de-5

scribed above result in high discrepancies of PM1 mass. Uncertainties in RIE values
for organic ACSM species, in particular, may be partly responsible for overestimation
of certain species resulting in overestimation of NR-PM1 mass. On the other hand, loss
of semi-volatile species from the filters (which are used together to adjust TEOM load-
ings) could also result in lower TEOM PM2.5 concentration. This is supported by the10

fact that in fall when the meteorological conditions favor semi-volatile organic aerosol
enhancement, the slope of the ACSM PM1 to TEOM PM2.5 is much higher than that in
summer (i.e., slope of 1.80 in fall to 1.19 in summer).

Average NR-PM1 masses measured by the ACSM are on average 47 % higher, 30 %
lower, and 7 % higher than PM1 mass measured by the FRM method for winter 201115

and spring and summer 2012, respectively (see Fig. 2). Comparison of ACSM with
FRM PM2.5 mass shows percentage differences of 30 %, 39 %, and 12 % in winter,
spring and summer 2012, respectively. The discrepancies between the ACSM and
FRM methods are larger during winter and spring, compared to that of summer, and
the direction of the comparison is different in spring (ACSM<FRM) as compared to20

winter and summer (ACSM>FRM). This might be due to positive artifacts of the filter
sampling method, which are likely enhanced in colder months (Solomon et al., 2003a,
b). On the other hand, uncertainties in RIE values may also result in inaccurate ACSM
chemical constituent measurements leading to in over- or under-estimation of ACSM
NR-PM1 mass.25

Strong association of ACSM NR-PM1 mass concentration and SEMS PM1 volume
concentration (r2 = 0.89) suggests ACSM performs well in measuring total mass. Slope
resulted from the comparison can be used to estimate aerosol density. Comparison
suggests a slope of 1.46; however, this number will be larger when the refractory
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components (i.e., EC) are added to NR-PM1. Since the EC measurement for this period
(October–November 2012) are not available, we estimated that EC contributes about
10 % to total PM based on available data (i.e., October–November 2011). Hence, the
estimated aerosol density in Atlanta is 1.61 gcm−3 for fall 2012 period.

Using the same approach in Zhang et al. (2005b), we estimated that the typical5

dry density of NR-PM1 plus EC in Atlanta is 1.61 gcm−3. The estimation is based on
average particle composition of 60.1 % of organics, 30.8 % of inorganics, plus 10 %
of EC, and the assumption of organic, inorganics, and EC densities are 1.2 gcm−3,
1.77 gcm−3, and 1.77 gcm−3 (Zhang et al., 2005b and references therein). The es-
timated aerosol density of 1.61 gcm−3 is higher than the traditional ambient aerosol10

density of 1.2 gcm−3 (Turpin, 2001); however, it is actually not too far from ambient
aerosol density of 1.46 gcm−3 estimated in Pasadena (Hayes et al., 2013). This might
suggest that aerosol composition in Atlanta during fall season is different from previous
studies (Turpin, 2001).

5 Conclusions15

This study aimed to compare species and total mass measurements from the ACSM
to the collocated measurements at the JST site (i.e., ACSM, JST continuous and filter
samplers, FRM filters, and the SEMS-MCPC) over different seasons. Mass concentra-
tions obtained from the two ACSMs agree within ±27 %, except for Cl−. Overall, the
percentage differences of ACSM speciated mass concentrations are less than ±30 %20

from the SEARCH network measurements, except for NO−
3 . Comparison of ACSM OM

to JST Sunset OC yielded OM/OC ratios of 4.18±0.04 and 3.59±0.02 for summer and
fall periods, respectively. ACSM NO−

3 concentrations are about 34–51 % higher than
those measured by the SEARCH network instrumentation. For summer and fall 2011;
ACSM PM1 was 19–80 % higher than TEOM PM2.5. For winter, spring, and summer25

2012; ACSM NR-PM1 discrepancies are on average ±47 % and ±39 % to that of FRM
PM1 and FRM PM2.5, respectively. Estimated aerosol density in Atlanta is 1.61 gcm−3,
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and estimation using ACSM speciated mass contributions and density gave the same
value.

Discrepancies found in the intercomparisons of the ACSM and the collocated mea-
surements might be explained by the following: (1) RIE values (especially for organic)
might be higher than the predecessor AMS instrument and have dependencies on lo-5

cation and meteorological conditions; (2) interferences from organic and organic-nitrate
specific fragments to the m/z 30 ion signal that constitute ACSM inorganic NO−

3 sig-
nal; and (3) evaporative losses of semi-volatile species from the filter measurements.
Future work should systematically examine all of the possibilities. Additionally, calibra-
tion of the continuous instruments used at monitoring sites should also be routinely10

checked with a standard aerosol in addition to the standard gas calibration that is typi-
cally performed.

Supplementary material related to this article is available online at
http://www.atmos-meas-tech-discuss.net/6/11181/2013/
amtd-6-11181-2013-supplement.pdf.15
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Table 1. Sampling setup at the JST site for the UNC and GIT ACSMs.

UNC GIT

Sampling inlet PM2.5 cyclone PM2.5 cyclone
Sampling line length 5 m 5 m
Sampling line diameter 0.635 cm OD and 0.46 cm ID stainless steel tube 1.27 cm ID for 1 m of length 0.95 cm ID for 4 m of length
Sample drying 50-tube Nafion dryer (Perma Pure PD-50T-24SS) with 200 tube nafion dryer (Perma Pure PD-200T-12 MPS)

7 L min-1 of sheath air coming from dry/zero air system running with 0.5 Lmin−1 sheath air flow (under vacuum).
ACSM sampling flow rate 3 Lmin−1 3 Lmin−1

IENO3
calibration 3.79×10−11 3.97×10−11

RIENH4
calibration 6 4.3

RIESO4
fitting 0.79 0.54

RIENO3
default 1.1 1.1

RIECl default 1.3 1.3
RIEOrganic default 1.4 1.4
Reference flow (Qcal in cm3 s−1) 1.39 1.35
Data acquisition software ACSM_DAQ_v1422 ACSM_DAQ_v1425
Data analysis procedure acsm_local_1520 acsm_local_1520
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Table 2. Summary of integrated, semi-continuous, and continuous PM2.5 samples analyses at
JST.

Analyte Instrument Analytical Method Detection Limit (mg m−3) Frequency/Time Resolution

Integrated Samples
Mass FRM (Teflon, 47 mm) Gravimetry 0.2 daily
SO2−

4 PCM1 (Teflon, 47 mm) IC 0.05 3 day
NO−

3 PCM1 (Teflon, 47 mm) IC 0.01 3 day
NH+

4 PCM1 (Teflon, 47 mm) AC 0.03 3 day
Volatile-NO−

3 PCM1 (Nylon, 47 mm) IC 0.02 3 day
Volatile- NH+

4 PCM1 (Citric acid-coated cellulose, 47 mm) AC 0.04 3 day
OC PCM3 (Quartz, 37 mm) TOR 0.08 3 day
Continuous Samples
Mass R & P 1400a/b TEOM (modified) Oscillating microbalance 2.0 5 min
SO2−

4 HSPH (modified) Reduction to SO2/PF 0.4 1 min
NO−

3 Thermo Scientific Reduction to NO/CL 0.25 1 min
NH+

4 Thermo Scientific Oxidation to NO/CL 0.07 1 min
OC/TC Sunset OC/EC Analyzer Combustion to CO2/NDIR 0.5 60 min

Notes: Volatile-NO−
3 and Volatile- NH+

4 are collected on back filters as HNO3 and NH3 dissociation on the front filter; IC represents ion chromatography technique; AC
represents automated colorimetry method; TOR indicates thermal/optical reflectance method; PF represents pulsed fluorescence technique; CL indicates ozone-NO
chemiluminescence method; HSPH stands for Harvard School of Public Health.
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Table 3. Correlations between the ACSM and the collocated measurements at JST site. Slope
and intercept ±1 standard deviation from each linear regression correlations are presented.

ACSM – GIT JST Continuousc FRM PM1
d

Summer 2011 Fall 2011 Winter 2011 Spring 2012 Summer 2012

Massa

r2 0.92 0.71 0.83 0.89 0.87 0.93
Slope 1.09±0.01 1.19±0.02 1.80±0.02 1.47±0.12 0.70±0.05 1.07±0.06
Intercept 0.08±0.12 1.41±0.27 −1.71±0.18 −0.13±1.19 0.17±0.46 0.12±0.54
OM vs. OCb

r2 0.95 0.86 0.93 – – –
Slope 1.14±0.01 4.18±0.04 3.59±0.02 – – –
Intercept −0.06±0.07 −4.72±0.17 −2.12±0.08 – – –
SO2−

4

r2 0.95 0.84 0.83 – – –
Slope 0.73±0.01 0.95±0.01 1.27±0.02 – – –
Intercept 0.20±0.01 −0.38±0.04 −0.30±0.02 – – –
NO−

3

r2 0.89 0.55 0.81 – – –
Slope 0.98±0.01 1.34±0.03 1.51±0.02 – – –
Intercept 0.13±0.02 0.27±0.01 0.25±0.01 – – –
NH+

4

r2 0.82 0.79 0.76 – – –
Slope 1.21±0.02 1.04±0.01 1.25±0.01 – – –
Intercept 0.20±0.01 0.02±0.02 0.01±0.01 – – –
Cl−r
r2 0.21 – – – – –
Slope 0.60±0.04 – – – – –
Intercept 0.01±0.00 – – – – –

a ACSM PM1 is calculated from sum of ACSM species and Sunset EC.
b For ACSM-to-ACSM comparison, it is OM vs. OM.
c JST measures PM2.5 mass and chemical constituents.
d Intercomparison with FRM PM2.5 is presented in Fig. 2.
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Fig. 1. (a) Linear regression correlation and (b) time series plots of organic and inorganic
constituents measured by the UNC and GIT ACSMs. ACSM measurements from UNC are
colored by species while those from GIT are colored in black.
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Fig. 2. Correlation scatterplots of PM1 mass concentrations measured by the ACSM and FRM
PM1 and PM2.5 method during (a) winter, (b) spring, and (c) summer 2012, respectively.
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Fig. 3. (a) Time series and (b) correlation of total aerosol mass measured by ACSM (NR-PM1)
and SEMS DMA/MCPC during period of 17 October to 20 November 2012. Aerosol density
was estimated from linear regression slope of 1.46 multiplied by 1.10 to account for 10 % of
elemental carbon (EC) component that is not measured by ACSM. This results in estimated
aerosol density of 1.61 gcm−3.
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