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[1] Aerosol chemical composition, size distribution, and optical properties were measured
during 17 aircraft flights in New England and Middle Atlantic States as part of the summer
2002 New England Air Quality Study field campaign. An Aerodyne aerosol mass
spectrometer (AMS) was operated with a measurement cycle of 30 s, about an order of
magnitude faster than used for ground-based measurements. Noise levels within a single
measurement period were sub mg m�3. Volume data derived from the AMS were
compared with volume measurements from a Passive Cavity Aerosol Spectrometer
(PCASP) optical particle detector and a Twin Scanning Electrical Mobility Spectrometer
(TSEMS); calculated light scattering was compared with measured values from an
integrating nephelometer. The median ratio for AMS/TSEMS volume was 1.25 (1.33 with
an estimated refractory component); the median ratio for AMS/nephelometer scattering
was 1.18. A dependence of the AMS collection efficiency on aerosol acidity was
quantified by a comparison between AMS and PCASP volumes in two high sulfate
plumes. For the entire field campaign, the average aerosol concentration was 11 mg m�3.
Compared with monitoring data from the IMPROVE network, the organic component
made up a large fraction of total mass, varying from 70% in clean air to 40% in
high concentration sulfate plumes. In combination with other optical and chemical
measurements, the AMS gave information on secondary organic aerosol (SOA)
production and the time evolution of aerosol light absorption. CO is taken as a
conservative tracer of urban emissions and the ratios of organic aerosol and aerosol light
absorption to CO examined as a function of photochemical age. Comparisons were
made to ratios determined from surface measurements under conditions of minimal
atmospheric processing. In air masses in which the NOx to NOy ratio has decreased to
10%, the ratio of organic aerosol to CO has quadrupled indicating that 75% of the organic
aerosol is secondary. Also, the ratio of light absorption to CO has more than doubled,
which is interpreted as an equivalent increase in the light absorption efficiency of black
carbon due to aerosol ageing.
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1. Introduction

[2] High concentrations of aerosol particles occur over
most of the eastern USA. These particles reduce visibility,
have adverse health impacts, and interact with the climate

system, either directly by reflecting and absorbing sunlight,
or indirectly by modifying cloud properties [North American
Research Strategy Tropospheric Ozone, 2003].
[3] Major constituents of PM2.5 (particles with aerody-

namic diameter smaller than 2.5 mm) in industrialized
regions are the inorganic salts of SO4

2�, NH4
+, and NO3

�,
organic compounds, black carbon (BC), crustal material,
and associated water. Organic compounds are subdivided
into primary and secondary organic aerosol (POA and SOA)
according to whether they are directly emitted or formed in
the atmosphere through gas to particle conversion. Often,
85% or more of dry PM2.5 mass can be accounted for by
NH4

+�SO4
2��NO3

� salts and organic compounds [Malm et
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al., 2004]. This is especially true for particles with diameter
smaller than 1 mm, which eliminates much of the crustal
component.
[4] Aerosol chemical and microphysical properties have

been measured in a diverse array of chemical regimes
ranging from pristine ocean basins to urban street corners.
It is more difficult to determine the time evolution of these
properties, especially for the formation of the organic
aerosol component. As a result, most current aerosol models
use parameterizations derived from smog chamber studies
[e.g., Griffin et al., 2002] that have not been fully tested
against atmospheric observations. There are studies that
provide evidence that the current picture of SOA production
is incomplete. For example, Brock et al. [2003] have
inferred SOA production in SO2 containing plumes from
petrochemical facilities in Houston severalfold greater than
expected and de Gouw et al. [2005] have measured organic
aerosol concentrations off the east coast of New England in
excess of that predicted from measured VOCs. Volkamer et
al. [2006] observed rapid SOA production in Mexico City
with a yield much greater than could be explained.
[5] This study reports results from the DOE G-1 during

the summer of 2002 New England Air quality Study
(NEAQS) field campaign. Seventeen research flights were
conducted in New England and Middle Atlantic States; a
region with a diverse and dense array of urban, industrial,
and utility sources of aerosols and aerosol precursors. This
campaign was the second aircraft deployment of the
Aerodyne aerosol mass spectrometer (AMS); the first
being a deployment in ACE-Asia reported by Bahreini et
al. [2003]. Mass spectrometers, in general, and the AMS
in particular, have opened up new areas of inquiry by
allowing for the rapid quantification of size resolved
chemical composition. Rapid response is essential for
aircraft applications. At typical flight speeds of 100 m s�1,
pollutant features that are of order 5 km in width translate
into a 50 s signal in the time domain. By allowing for
measurements that cover a large geographic area with
sufficient time resolution to follow composition changes,
aerosol mass spectrometers have the potential to provide
much needed kinetic information on the time evolution of
organic aerosols. But, compared to ground sites, aircraft
represent a challenging environment for the AMS. In
addition to the requirement that response times be an
order of magnitude faster than is typical for measurements
at the surface, instrument performance is degraded because
power to maintain a high vacuum in the AMS is generally
not available between flights. Nevertheless, we were able
to obtain 30 s concentration measurements which had a
high signal-to-noise ratio for all except the cleanest air
masses.
[6] Our analysis of the 2002 NEAQS data set consists of

an evaluation of the performance of the AMS and a
description of aerosol observations with an emphasis on
SOA formation and aerosol light absorption. AMS volumes
and size spectra are compared with those determined from a
Passive Cavity Aerosol Spectrometer (PCASP) (optical
particle counter) and a Twin Scanning Electrical Mobility
Spectrometer (TSEMS). Mie scattering calculations are
used to determine total scattering at 550 nm from the
AMS, PCASP, and TSEMS which are compared with that
observed from an integrating nephelometer. The AMS

measurements have a median bias of +25% (33% with an
estimated refractory component) and +18% relative to
TSEMS volume and measured scattering, respectively.
AMS results have been corrected for an acid-dependent
collection efficiency which is derived from the relation
between the AMS and PCASP volume in two high concen-
tration SO4

2� plumes.
[7] A second focus of this study is to characterize the

abundance and formation processes of organic aerosol and
changes in aerosol light absorption. Aerosol measurements
from the RV Ron Brown during the 2002 NEAQS campaign
demonstrate that a surprisingly high fraction of aerosol mass
is due to organics [Bates et al., 2005] and that the source of
this organic mass cannot be identified with our current
understanding of organic aerosol production [de Gouw et
al., 2005]. The greater spatial coverage of our measure-
ments and their midboundary layer altitude helps put the
ship board observations in a broader geographic context. In
this study SOA production was investigated by examining
the ratios of organic aerosol and light absorption to CO,
where CO is a conservative tracer of urban emissions. These
ratios were compared with literature values appropriate for
fresh emissions. By examining the organic to tracer ratio as
a function of photochemical age (NOx/NOy), we obtain
information on the rate of SOA production. Changes in light
absorption per unit BC due to atmospheric ageing processes
are inferred from the time evolution of the ratio of aerosol
light absorption to CO.

2. Field Campaign

[8] As part of the NEAQS campaign, the DOE G-1 aircraft
conducted 17 research flights between 10 July and 11 August
2002. Figures 1a and 1b show composite flight tracks
covering daytime and nighttime hours. Daytime flights were
planned for a regional survey of aerosol precursors, compo-
sition, and microphysical properties. Our geographic focus
was on southern New England and the Mid-Atlantic States.
Nighttime sampling was primarily done in the vicinity of the
Boston urban plume to follow chemical transformations
[Zaveri et al., 2004]. Flight altitude was mostly at midboun-
dary layer (or midresidual layer) altitude between 350 and
1000 m above the surface. A time series of aerosol concen-
tration is presented in Figure 2 as an introduction to the data
set. A wide range of pollutant conditions were encountered,
ranging from very clean air following a frontal passage
(10 July and 7 August) to high concentration events covering
multistate regions (14 July and 21 July). Aerosol concen-
trations are summarized in Table 1.

3. Experimental Procedure

3.1. Aerosol Mass Spectrometer

[9] An Aerodyne aerosol mass spectrometer (AMS) was
used to determine the composition and size distribution of
ambient aerosol. There are several dozen such instruments
in use, resulting in many publications that describe princi-
ples of operation and issues of data reduction and data
quality [e.g., Jayne et al., 2000; Allan et al., 2003a, 2003b;
Jimenez et al., 2003]. We confine our discussion here to
aspects that are pertinent to understanding the G-1 AMS

D09310 KLEINMAN ET AL.: AEROSOL COMPOSITION AND AGEING

2 of 18

D09310



data set and its relation to concurrent observations of light
scattering and particle size spectra.
[10] Ambient air enters the G-1 through a two stage

diffuser inlet which supplies air to the AMS, nephelometer,
particle soot absorption photometer (PSAP), and TSEMS.
From inlet to detector an aerosol particle in the AMS
encounters the following units: (1) critical orifice, (2) aero-
dynamic lens, (3) skimmer separating the lens from a high
vacuum chamber, (4) chopper wheel, (5) heated collector
surface, (6) electron beam ionizer, and (7) quadrapole mass
filter (see for example, Figure 1 of Jayne et al. [2000] or
Figure 1 of Jimenez et al. [2003]).

[11] The AMS cycles between two modes, which differ
according to whether the particle beam is being chopped or
not. In the TOF (time of flight) mode, the beam is chopped
and particles are sized according to their transit time
between the chopper and heated collector surface. Size-
dependent particle velocities are acquired as ambient air
expands through a nozzle into a vacuum chamber [Allan et
al., 2003a]. For spherical particles, as assumed in this study,
the vacuum aerodynamic diameter measured by the AMS is
related to geometric diameter and density, r, by

Dp geometricð Þ ¼ Dva vacuum aerodynamicð Þ= r=r0ð Þ ð1Þ

where r0 is the density of water. DeCarlo et al. [2004] and
Slowik et al. [2004] discuss the effects of (nonspherical)
particle shape on vacuum aerodynamic diameter, which
yields an underestimate of vacuum aerodynamic diameter
and an overestimate of mobility diameter. These effects are
most pronounced for highly irregular fresh soot particles
and are expected to be of minimal importance for the more
aged organic–sulfate–ammonium mixtures seen during
NEAQS 2002. The diameter range of the AMS is determined
by the focusing properties of the aerodynamic lens.
Transmission efficiencies are 100% for particles with
vacuum aerodynamic diameters between 60 and 600 nm,
decreasing to zero at 2000 nm [Jayne et al., 2000]. When the
chopper is fixed in the open position (MSmode) an increased
number of mass units are scanned and particles of all sizes are
detected. The AMS analysis software [Allan et al., 2004]
determines concentration from the MS mode and partitions
that concentration into size bins using TOF measurements.
For most flights, the sample averaging time was 30 s split
between MS and TOF modes. The detection limit for a 30-s
measurement period (after three point smoothing) was
estimated as the standard deviation of concentration in
all of the clean air periods during the campaign. A
criteria of PCASP volume less than 0.5 mm3 cm�3 yielded
163 measurement periods with standard deviations of 0.09,
0.14, 0.05, 0.6, and 0.6 mg m�3 for SO4

2�, NH4
+, NO3

�,
organics, and total aerosol, respectively. Size spectra are
much nosier, which is an unavoidable consequence of the
poor counting statistics in a TOF measurement period. Even
with additional smoothing in the size domain, a 30-s
spectrum can contain unrealistic peaks and valleys, including
negative concentrations.
[12] Measurement of aerosol components depends on the

aerosol impinging on a heated collector surface after which
it is vaporized, ionized, and detected by a quadrapole mass
filter. In typical applications, as on the G-1, the temperature
of the collector surface is 600–650�C, adequate to vaporize
mixed SO4

2��NO3
��NH4

+ salts and organic compounds
which together constitute most of the mass in the submicron
size range. The signal at mass unit 44 (M44) contains the
CO2

+ fragment from oxidized hydrocarbons and has been
used as a surrogate for aged organic aerosol [Alfarra et al.,
2004; Zhang et al., 2005a]. Refractory materials such as
NaCl, mineral dust, or black carbon are not detected by the
AMS.
[13] Quantification of components depends on ionization

efficiency (IE) and collection efficiency (CE), defined here
as particles that reach the AMS collector divided by
particles transmitted by the aerodynamic lens. Calibration

Figure 1. Ground track of G-1 for (a) daytime and
(b) nighttime flights. Flights are identified by month and
day with ‘‘a’’ and ‘‘b’’ denoting the first and second flights
on the same day. Locations of high-concentration acidic
plumes discussed in text identified with an open circle on
721 and 722 ground tracks.
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experiments indicate that the IE of organics, relative to NO3,
ranges between 1.9 for freshly formed organic combustion
products to 1.3 for aged oxygenated species [Jimenez et al.,
2003]. In this study an IE of 1.4 was used, on the
assumption used by Zhang et al. [2005b] and de Gouw et
al. [2005] that accumulation mode particles contain mainly
oxidized organics.
[14] CE values smaller than one have been attributed to

particle beam spread and particle bounce [Salcedo et al.,
2005]. Beam spread is thought to reflect the aerodynamics of
nonspherical particles. Particle bounce occurs when less
liquid-like particles rebound off of the heated collector
surface, hence not contributing to the mass spectrometer
signal. Collection efficiencies have been derived from labo-
ratory experiments and field comparisons with colocated
instruments. These are bulk collection efficiencies that do
not provide size dependence information. Zhang et al.
[2005c] use a CE of 0.5 for inorganic constituents and 0.7
for organics, the latter value representing an average of
0.5 for internally mixed accumulation mode organics and
1.0 for an external mixture of sooty combustion products.
Allan et al. [2004], Salcedo et al. [2005], and Takegawa et al.
[2005] use a CE of 0.5 for all constituents; Drewnick et al.
[2004] and Weimer et al. [2006] use a CE of 0.42–0.43.
Alfarra et al. [2004] operated two AMS instruments at
nearby sites and found CEs of 0.5 and 1.0 under conditions
of low and high RH, respectively. The low RH limit is more
appropriate for our measurements because sample air is
heated above ambient temperature. A comparison of AMS
and PILS (Particle Into Liquid Sampler) data (T. Onasch,
personal communication) indicates that CE has a value near
0.5 for particles less acidic than (NH4)HSO4 rising to 1 as the
[NH4

+/SO4
2�] ratio decreases in order to account for the higher

sticking probability of more liquid, acidic particles. In this
study we used

CE ¼ 0:5 for NHþ
4

� �
= SO2�

4

� �
� 1

CE ¼ 1 for NHþ
4

� �
= SO2�

4

� �
� 0:75

CE ¼ 0:5þ 2 1� NHþ
4

� �
= SO2�

4

� �� �
for 0:75< NHþ

4

� �
= SO2�

4

� �
<1

ð2Þ

where square brackets indicate molar concentration. The
linear increase from CE = 0.5 to CE = 1 is based on a
comparison between PCASP and AMS volumes in acidic
plumes shown in a following section. In almost 90% of our
measurements, particles are more basic than (NH4)HSO4

and therefore the main effect of the CE correction is to
multiply concentrations by (1/0.5) = 2. Aerosols more acidic
than (NH4)HSO4 will be referred to as ‘‘acidic’’.
[15] Although the dependence of CE on acidity can

explain variations in AMS measurements vis-à-vis other
instruments, it is probable that acidity itself is only a
qualitative descriptor for particle phase inside the AMS,
which depends on hygroscopicity and can be affected by
many aerosol constituents. It is also possible that CE
depends on particle size, an effect not generally considered.

Figure 2. Time series of total aerosol concentration and organic and sulfate components. Time breaks
between flights occur at boundaries of vertical stripes. The second flight on 31 July (731b) appears
short because the AMS measurement period was 120 s, approximately four times longer than other
flights.

Table 1. AMS Aerosol Composition

Data Subset

Concentration (mg m�3)

Organic SO4
2� NH4

+ NO3
� Total

<10 mg m�3 3.6 0.9 0.3 0.2 5.0
>30 mg m�3 14.3 17.1 2.9 0.7 35.0
All 6.5 3.4 0.8 0.4 11.1
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[16] AMS data will be compared with volume measure-
ments from the PCASP and scattering measurements from
the nephelometer. In order to conduct these comparisons we
make use of aerosol density and refractive index which are
determined from the component values listed in Table 2.
Concentrations of NH4NO3, (NH4)2SO4, (NH4)HSO4, and
H2SO4 are calculated from measurements of NH4

+, NO3
�,

and SO4
2�. Volumes of each component were determined

from the measured mass and the densities in Table 2.
Component volumes are added to get the total volume.
The ratio of total mass to total volume yields the density of
the mixture. Refractive index was arrived at by using the
component values in Table 2, combined according to
volume fraction. Because we are limited by the composition
information derived from the AMS, the determination of
density and refractive index does not take into account the
presence of refractory material. On the basis of surface
measurements of PM2.5 from the IMPROVE network
[Malm et al., 2004] and observations of PM1 in the Gulf
of Maine [Bates et al., 2005], we estimate that the refractory
component is 10% of aerosol mass and approximately 6%
of its volume.
[17] Density and refractive index have been calculated

only as a function of time rather than as a function of time
and particle size. The former procedure requires the assump-
tion that the proportions of component species do not vary
over the AMS size range, but has the considerable advantage
of not requiring size spectra. As shown in the following
section, the campaign average size spectra for organic and
ionic constituents are similar suggesting that aerosols are
internally mixed and therefore can be described by a size-
independent density and refractive index. Neglecting the size
dependence of density could lead to a distortion in the
size spectra when equation (1) is used to convert from
vacuum aerodynamic diameter to geometric diameter but
will not affect the determination of aerosol volume from
aerosol mass and composition.

3.2. PCASP

[18] An optical particle probe (PCASP-100X, Particle
Metrics Inc., Longmont, CO) mounted on a pylon near
the nose of the aircraft was used to determine the number
concentration of aerosol particles in 15 size bins covering
the nominal size range Dp = 0.1–3 mm which captures most
of the mass and scattering in the accumulation mode. Data
from the first third of one flight on 14 July were not useable.
Heat from a deicing unit and from adiabatic compression
evaporates water from the ambient aerosol [Haller et al.,
2006]. Calibration of the PCASP was performed by the
manufacturer prior to the field campaign using polystyrene
microspheres. Size bins of the PCASP were corrected for the
difference in refractive index between polystyrene (m = 1.59)

and ambient aerosol using the response curves of Liu and
Daum [2000]. The refractive index of the ambient aerosol
was determined from AMS measurements of SO4

2�, NH4
+,

NO3
� and organics as described above. Aerosol volumes

determined using the corrected size bins are on average
17% greater than the uncorrected values.

3.3. TSEMS (Differential Mobility Analyzer)

[19] Particle number size distributions (Dp � 5–530 nm)
were measured with a Twin Scanning Electrical Mobility
Spectrometer (TSEMS) [Buzorius et al., 2004]. This instru-
ment consists of two units operating in parallel, each with a
DMA (Differential Mobility Analyzer) to sort charged
particles according to mobility in an applied electric field
and a CN counter to determine number concentration.
Mobility diameters between 5 and 80 nm and 40 and 530 nm
were covered by a Nano-DMA (TSI 3085, St. Paul, MN) and
a Long-DMA (TSI 3081), respectively. A pair of size spectra
is generated by exponentially ramping the DMA voltage in
alternate directions. Up scans and down scans which together
typically took 2.5 min were averaged. Data postprocessing
included inversions of raw counts for smearing effects and
multiply charged particles and accounted for particle losses in
sampling lines [Collins et al., 2002].
[20] In this study we report aerosol volumes and scattering

which are due almost entirely to aerosol particles measured
by the Long-DMA, which henceforth will be referred to as
‘‘DMA’’ measurements. A Nafion diffusion dryer reduced
the RH to below a measured value of 25%, at which point
residual water can be ignored. It is assumed that a particle’s
geometric diameter is equal to its measured mobility diam-
eter, as is the case for spherical particles.
[21] As part of the DMA data reduction procedure, a

correction factor is determined that accounts for a small
contribution to the measured signals coming from larger
multiple charged aerosol particles. In this procedure the
concentrations of particle between 500 and 1000 nm are
estimated by fitting a Gaussian function to the accumulation
mode. In several comparisons between instruments we will
use volume and scattering determined from the DMA that
includes an estimated contribution from 500–1000 nm size
particles. These data are presented alongside data that are
derived from the 5–500 nm observed size range so that
effects of the extrapolation to a larger size range can be
judged.
[22] Because of startup and shutdown procedures, DMA

data are often missing from the first and last 5–15 min of
each flight. In addition, DMA data are not available for 3 of
17 flights: 10 July and two flights on the late night and early
morning of 6 and 7 August.

3.4. Nephelometer and Scattering Calculations

[23] A TSI 3563 integrating nephelometer was used to
determine total aerosol light scattering at 550 nm, referred
to here as bSP. The aircraft inlet has a 50% cutoff near
1.5 mm [Brechtel, 2003]. A heater upstream of the nephe-
lometer maintains an inlet temperature of 40�C which typi-
cally reduces RH by 70–80% and removes almost all
particle-bound water. Scattered photons are not uniformly
detected by the nephelometer because of variations in angular
sensitivity including a blind spot in the near-forward direc-
tion. Anderson and Ogren [1998] give a correction factor for

Table 2. Refractive Index and Density of Aerosol Components

Compound Refractive Index Density (g cm�3)

NH4NO3 1.55 1.77
H2SO4 1.41 1.80
(NH4)HSO4 1.48 1.78
(NH4)2SO4 1.53 1.76
Organics 1.55 1.2a

aTurpin and Lim, 2001.
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these nonidealities. Using that algorithm, we have corrected
the nephelometer signal which resulted in an average scat-
tering increase of 8%.
[24] A Mie scattering code was used to determine total

scattering at 550 nm based on size spectra determined from
the AMS, PCASP, and DMA and refractive index deter-
mined from AMS composition measurements. Sensitivity
calculations showed that scattering determined from the
PCASP had only a minimal dependence on refractive index.
Size determination in the PCASP is based on a light
scattering signal, similar to that used by a nephelometer.
Refractive index affects the size bin correction in a way that
is almost canceled by the dependence of light scattering on
refractive index. Calculated scattering was insensitive (<2%
effect) to the inclusion of particles between 1.2 and 2 mm
diameter.

3.5. PSAP

[25] A Particle Soot Absorption Photometer (PSAP, Radi-
ance Research) was used to measure aerosol light absorption
at a wavelength of 567 nm. Filters were changed to keep
transmission above 75%. PSAP signals were corrected to
correspond to the calibration and scattering response deter-
mined by Bond et al. [1999], resulting in an average absorp-
tion decrease of 30% relative to uncorrected values.

3.6. Gas Phase

[26] For this study we make use of trace gas measure-
ments of NO, NO2, NOy, and CO. Nitrogen oxides are
detected by the chemiluminescent reaction of NO with O3;
NO2 is photolyzed to yield NO, and NOy is reduced to NO
by a 350�C Mo catalyst. A detailed description of the NOx

detector is given by Springston et al. [2005]. CO was
measured by resonance fluorescence in the vacuum UV
[Volz and Kley, 1985] using an instrument manufactured by
Resonance Ltd., Barrie, ON, Canada. Baseline subtraction
of background was done by selectively removing CO using
Sofnocat catalyst. The 1s precision was 5 ppbv for a 2-s
measurement.

3.7. General

[27] Values for aerosol concentration, scattering, and
absorption are all adjusted to ambient conditions of temper-
ature and pressure (values at sea level and 298�K would on
average be 10% lower). Particle size is given as the geometric
diameter of the dried aerosol. The abundance of gas phase
species is expressed as a volume-mixing ratio, i.e., parts per
billion. Eastern Standard Time (EST) equal to UTC minus
5 hours is used to identify measurement periods. Flights,
however, are identified by their UTC start time in order to
have the dates match those on our FTP site (ftp://ftp.ecd.bnl.
gov/pub). Measurements have been put on a time base
defined by the AMS measurement cycle. This time base is
approximately 30 s long with one exception on 31 July
where the AMS had a 120-s measurement cycle. Variables
on the AMS time base were subject to a 3-point binomial
smoothing [i.e., V(tn) = V(tn�1) + 2 V(tn) + V(tn + 1)].

4. Volume and Scattering Comparisons

[28] We have intercompared volumes derived from the
AMS, PCASP, and DMA and compared total scattering

calculated from the AMS, PCASP, and DMA with that
measured by the nephelometer. Our main interest is in
examining the AMS data since (1) there are known uncer-
tainties in quantifying AMS measurements, (2) the necessity
for rapid time response in aircraft operations compromises
the signal-to-noise ratio of AMS measurements, and (3) the
primary results from this study, outside of the instrument
intercomparison, are from the AMS measurements.
[29] Ideally, we would like to restrict the comparisons

between these four instruments to accumulation mode
particles. Each instrument makes measurements over a
different size range. Therefore comparisons have been
carried out over two size ranges. The first is 100–500 nm
which is covered by the three particle sizing instruments,
although there is some fall-off in transmission efficiency
near 500 nm for the AMS. The second size range is our best
approximation to the full accumulation mode. For the DMA
it consists of the entire measured size range (the volume from
Aitken size particles is small and their scattering is negli-
gible) plus the spectrum that was extrapolated to 1000 nm.
For the AMS we use the full measured size range. The
PCASP data are from particles with Dp between 100 and
1200 nm to which we add a sub 100-nm contribution to
volume as determined from the DMA. An upper bound of
1200 nm was selected because the PCASP volume spectrum
typically has a deep minimum near this diameter with a
coarse particle mode occurring at larger diameters. Contri-
butions of particles with Dp < 100 nm and Dp > 500 nm to
total volume are given in Table 3.
[30] Volume and scattering comparisons are shown in

Tables 4 and 5. Data in these tables are based on 72% of
5694 AMS measurement periods in the campaign, the
selection criterion being that there are simultaneous AMS,
PCASP, DMA, and nephelometer observations. Equation (2)
was used to correct the AMS data for an acid dependent CE,
as described in section 5. The figures of merit used to judge a
comparison are the median value of a ratio and the inter-
quartile range of that ratio expressed as a percentage of the
median. The ordering of the data sets based on the 1000 nm
DMA data is

PCASP < Nephelometer 	 DMA < AMS ð3Þ

[31] Differences in median ratios are comparable or smaller
than one would expect based on instrument uncertainties. As
a general indication of expectations, the intercomparison and
error analysis of Moore et al. [2004] yielded a 50% uncer-
tainty in PCASP derived volume.Haller et al. [2006] report a
comparison between a PCASP and nephelometer essentially
identical to that reported here. They find that a 1/2 channel
uncertainty in the PCASP yields a 30% uncertainty in

Table 3. Median Contribution of Small and Large Particles to

Total Volume

Measurement % Volume, Dp < 100 nm % Volume, Dp > 500 nm

AMS 5.3 14.0
PCASP Not applicable 4.9
DMA 4.6 13.7a

aDMA volume from particles with Dp > 500 nm is an extrapolation from
a fitted spectra.
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