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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
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