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Aerosol chemical, physical and optical measure-
ments were made aboard the NOAA RV Ronald
H. Brown off the coast of New England during
July/August 2002 as part of the New England Air Qual-
ity Study (NEAQS). Measurements (generally 20 to 100
km from the coast) were made downwind of urban cen-
ters (NYC, Boston) and rural areas, and in air masses
that had not been in contact with land for several days
(“marine”). On average during NEAQS, 72±9% of the
dry aerosol mass sampled 18 m above the sea surface
was in the < 1 µm fraction (size cut at 55% RH). This
submicron fraction accounted for 84±14% of the aerosol
light scattering. The major sub-micron aerosol compo-
nents were ammonium sulfate and particulate organic
matter (POM, defined here as 1.6 times the concentra-
tion of organic carbon). The ammonium to non-sea-salt
(nss) sulfate ratio increased in the urban air masses.
The mass ratio of POM to nss sulfate plus ammonium
ranged from 0.38 to 8.8 with values generally higher
in the rural/marine air masses. POM was the domi-
nant aerosol component in 75% of the samples. Even
considering the water associated with ammonium sul-
fate at ambient RH and assuming no water uptake of
the POM, POM was often the major source of the re-
gional haze. These data are similar to that found off
the mid-Atlantic states during TARFOX but contrary
to the current understanding that the New England
haze is primarily a result of sulfate aerosol. The data
raise two important questions: Are these data represen-
tative of “normal” conditions along the New England
Coast? And, what is the source of the POM? We can
not address the first question from our single cruise
but will attempt to address the latter using other mea-
surements made aboard the ship. We will address both
questions during the summer of 2004 using ship and
aircraft measurements in this region along with a more
detailed study of the organic POM species.

URL: http://www.al.noaa.gov/NEAQS/
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During the New England Air Quality Study

(NEAQS) in July-August 2002, an Aerosol Mass Spec-
trometer (AMS) was deployed aboard the NOAA ship

RONALD H. BROWN and collected 2-minute averaged
data. The AMS, which measures non-refractory com-
ponents of aerosol particles with aerodynamic diame-
ters between roughly 40 and 1500 nm, produced par-
ticle mass spectra as well as aerosol organic, sulfate,
ammonium, and nitrate mass distributions. A wide va-
riety of air masses were sampled, including clean ma-
rine, clean continental, and polluted continental air
masses. In general, the volatile particle composition
was mostly organic and sulfate with lesser amounts of
ammonium and nitrate and the mass loadings typically
peaked around 400-600 nm in vacuum aerodynamic di-
ameter. Although the AMS sulfate and ammonium con-
centrations were highly correlated with the sulfate and
ammonium concentrations from the Particle into Liquid
(PILS) instrument also deployed on the ship, the AMS
and PILS nitrate concentrations were not correlated
and at times anti-correlated. In contrast, the AMS ni-
trate and organic concentrations as well as the AMS
nitrate and gas phase alkyl nitrate concentrations were
highly correlated. These results suggest that organic
nitrate was present in the submicron aerosol phase.
The AMS organic concentrations were generally higher
than the AMS sulfate concentrations, consistent with
other shipboard measurements. Whenever the sulfate
concentration increased, the organic concentration also
increased, indicating that sulfate and organic aerosol
growth are influenced by the same processes or that sul-
fate may play a role in organic aerosol growth. The ex-
ception to this pattern occurred during a sea fog event
where the sulfate concentration increased and the or-
ganic concentration decreased, probably due to rapid
aqueous phase sulfur oxidation and relatively less ox-
idation of organic compounds. Furthermore, the or-
ganic concentration often increased without concurrent
increases in sulfate mass, indicating that organic and
sulfate aerosol mass have different sources or that the
processes involved in increasing organic concentrations
can be independent of sulfur oxidation.
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To assess the impacts of aerosols on air quality and
climate downwind of the northeastern United States,
extensive measurements of aerosol chemical, physical,
and optical properties were made onboard the NOAA
RV Ronald H. Brown during NEAQS 2002. These
measurements included light scattering, hemispheric
backscattering, and absorption by the aerosol at 450,
550, and 700 nm. These data allow for the calcula-
tion of the hemispheric backscattered fraction and sin-
gle scattering albedo. Coupling the measured aerosol
chemical composition and size distributions with a Mie
scattering model allows for the calculation of the frac-
tion of light extinction due to each chemical compo-
nent. Aerosol optical depth (AOD) at 380, 440, 500,
675, and 870 nm also was measured. Mean values
and variability of these parameters will be reported
for the different urban plumes encountered along the
cruise track from Charleston, SC to the Gulf of Maine.
The aerosol forcing efficiency or aerosol forcing per
unit AOD can be estimated from the single scattering
albedo, hemispheric backscattered fraction, and AOD.
Forcing efficiencies will be presented for the north-
eastern U.S. urban plumes and will be compared to
values from European, Asian, and Indian plumes. In
addition, aerosol mass scattering and absorption effi-
ciencies, quantities which determine the magnitude of
AOD, will be presented.

URL: http://saga.pmel.noaa.gov
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During the New England Air Quality Study
(NEAQS-2002) a large number of trace gas species were
measured aboard the NOAA ship Ronald H. Brown
along the east coast of the U.S. Emissions from numer-
ous sources were measured in the New York harbor area
during a brief stop on the transit north. Urban emis-
sions from the Boston area and from the New Hamp-
shire/Maine coastal region, as well as emissions from
biogenic sources, were frequently observed during the
intensive study period in the southern Gulf of Maine.
Moreover, numerous well-defined narrow plumes were
sampled throughout the experiment, attributable to ei-
ther marine vessel exhaust or point-source emissions
from land-based sites at or near the coast. Measure-
ments of SO2, NOy and CO2 mixing ratios in these
plumes, along with back-trajectory analysis, were used
to identify a number of these point-sources through
comparison to emission inventory data available from
the U.S. EPA. In this talk the types and character-
istics of emissions source plumes encountered during
the study will be presented. Part of the discussion
will focus on the transport and transformation of these
plumes within the marine boundary layer.
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The concentrations of nonmethane hydrocarbons
(NMHCs), halocarbons, and alkyl nitrates were quan-
tified in situ from the surface air and water aboard
the NOAA R/V Ronald H. Brown during the New Eng-
land Air Quality Study (NEAQS) using gas chromatog-
raphy with flame ionization and electron capture de-
tection. The highly reactive alkenes, ethene, propene,
trans-2-butene, 1-butene, isobutene, cis-2-butene, and
isoprene were always supersaturated in the coastal wa-
ters. The measured air and water concentrations were
used along with air-sea gas exchange relationships to
determine the sea-air flux of these alkenes. The fluxes
served as input into a photochemical box model to as-
sess the impact of marine hydrocarbons on local pho-
tochemistry, specifically ozone formation and destruc-
tion, under clean marine conditions. This study helps
to establish coastal baseline conditions so that the mag-
nitude of the impact on air quality under polluted con-
dition can be put into context.
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Volatile organic compounds (VOCs) and some of
their oxidants (O3, NO3) were measured on board the
NOAA research ship Ronald H. Brown along the coast
of New England, downwind of New York, Boston and
Portsmouth and large forested areas in New Hampshire,
Maine, and Massachusetts in July and August 2002.
The diurnal variations of isoprene, monoterpenes, and
aromatics were mainly dependent on the abundance of
the oxidants OH and NO3 and on the emissions. Ele-
vated mixing ratios of short lived VOCs were only en-
countered at the ship, which was about 1-6 hours down-
wind of the sources, when the concentrations of the ox-
idants were low. For the biogenic compounds this was
generally the case during morning and evening hours,
when the lifetime of the biogenics was long due to low
OH and NO3 concentrations. On the other hand, most
anthropogenic VOCs do not react with NO3 and there-
fore their mixing ratios remained elevated during the
night. The products of isoprene oxidation, methyl vinyl
ketone, methacrolein, and peroxymethacrylic nitric an-
hydride (MPAN) were on average higher than isoprene
itself. Only during the transition periods from day to
night, when oxidation rates were at a minimum, could
isoprene exceed its products. The loss of the biogenic
VOCs was dominated by reactions with NO3, whereas
the loss of anthropogenics came mostly from reactions
with OH. The oxygenated VOCs are the major contrib-
utor to the OH loss, except in close vicinity of emission
sources. The total loss of biogenic compounds during
the night was so effective that after one night of trans-
port they were in most cases completely reacted away,
whereas the mixing ratios of the anthropogenic com-
pounds remained high during the night. The pool of
reactive hydrocarbons after one night was thus typi-
cally dominated by anthropogenic VOCs.
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Direct, in situ observations of NO3, N2O5 and
HNO3 in the marine boundary layer during NEAQS
have provided new insights into the nocturnal budget
for NOx. Comparison between the behavior of these
compounds in the NEAQS data set and from a conti-
nental site in Boulder, CO shows that N2O5 can act
as both a reservoir for NOx and an efficient sink that
converts it to nitric acid. The total removal of NOx
pollution will depend strongly on the efficiency of these
processes. Diurnal averages of NO3, N2O5 and HNO3
during NEAQS show that the nitric acid production
during the night is comparable to that during the day,
and that N2O5 hydrolysis reactions produce a signifi-
cant quantity of gas phase nitric acid.
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The results of two Eulerian-based air quality fore-
cast models (AQFMs) are compared to observations
collected during the summer of 2002 North East Air
Quality Study (NEAQS-2K2) field campaign. The fo-
cus of the comparison is on ozone, and several other
key photo-oxidants measured during July and August
of 2002 at four AIRMAP surface sites in New Hamp-
shire, the Harvard Forest site in central Massachusetts,
and aboard the NOAA Research Vessel Ron Brown that
was deployed along the northeast U.S. coastline. The
air quality forecast models are NOAA Forecast System
Laboratory’s MM5-CHEM, and MCNC’s Multiscale Air
Quality Simulation Platform (MAQSIP). Each model
provides forecasts of meteorology and gas-phase oxi-
dants at three horizontal grid resolutions; the coarsest
(45 km and 27 km) covering much of the United States,
and the finest (5 km and 3 km) covering the Northeast
U.S. The modeling systems are completely indepen-
dent, with different grid structures, precursor emissions
estimates, physical parameterizations, and photochem-
ical mechanisms. Two types of model-measurement
comparisons are presented; standard statistical mea-
sures of variance and model bias, and species-species
relationships between key photochemical species. The
standard statistical measures allow forecast skill for
the six independent AQFMs to be analyzed in terms
of model system, horizontal resolution, and lead time
of the forecast. In terms of forecast skill, neither model
platform is significantly better than the other, and
nearly no improvement is seen with increased horizon-
tal resolution. Model biases, however, are noticeably
different between model platforms, model horizontal
resolution, and distance from coastline. The compar-
isons between model and measured species-species re-
lationships provide limited information on the reliabil-
ity of specific model processes such as emissions and
O3 production efficiencies. The models generally re-
produce species-species relationships between O3, ni-
trogen oxides, and CO with some dependence on model
horizontal resolution. Deposition of HNO3 is shown
to be a strong influence on relationships involving ni-
trogen oxides. These results allow recommendations to
be made concerning AQFM formulation, further obser-
vations needed to assess individual model components,
and provide a statistical base-line for further AQFM
development in the Northeast U.S.
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Aerosol particles are ubiquitous in the Earth’s at-
mosphere and influence our quality of life in many dif-
ferent ways. In urban environments, aerosol particles
can affect human health through their inhalation (e.g.
Wichmann and Peters, 2000). In the global troposphere
aerosol particles are thought to contribute to climate
change patterns (Stott et al., 2000; Ramanathan et
al., 2001). Understanding these effects requires de-
tailed information on how aerosol particles enter the
atmosphere and how they are transformed before be-
ing removed by dry or wet deposition. Key processes
in this respect are the formation of new atmospheric
particles and their subsequent growth to larger sizes.
Quantitative measurements of aerosol formation and
growth rates have required the recent developments in
instrumentation for measuring size distributions down
to sizes as small as 3 nm in diameter (McMurry, 2000).
However, the phase change between vapour and liq-
uid will occur at smaller sizes, typically around 1 nm
in diameter. Thus, e.g. DMPS/SMPS systems, which
have cut off sizes of 3 nm, are not suitable for direct

detection of nucleation and initial steps of the par-
ticle growth. Ion spectrometers are one class of ex-
periments that can reach this important size range in
which the initial formation is occurring (Hörrak et al.,
2000). The ion spectrometers reveal the mobility spec-
trum, and thus also indirectly the size distribution, of
atmospheric ions. Here were report the first field ex-
periments where ion spectrometers (two of them) have
been used together with DMPS to study formation and
growth of aerosol particles focusing particularly in the
initial steps of the growth. In principle the initial
steps of the growth can occur via several ways: con-
densation of nucleating vapours, activation of soluble
vapours (multicomponent nano-Köhler theory), hetero-
geneous nucleation or ion mediated particle formation
(Yu and Turco, 2000). In this paper, we demonstrate
how the analysis of ion distribution data, together with
DMPS data, can result in useful hints concerning the
mechanisms of the initial steps of particle formation
in Hyytiälä, Finland. The initial analysis supports a
hypotheses of formation of thermodynamically stable
clusters (Kulmala et al., 2000), their subsequent growth
by condensation of sulphuric acid molecules and further
activation by soluble organic vapors, resulting in re-
markably constant growth rates in the nucleation mode
size regime. Much of the work has been done under
EU-project CASOMIO. Horrak, U., Salm, J., and Tam-
met, H. (2000) J. Geophys. research D 105, 9291. Kul-
mala, M., Pirjola, L., and Mäkelä, J. M. (2000): Na-
ture 404, 66. McMurry, P. H. (2000a): Atmos. Env.
34, 1959. Ramanathan, V., Crutzen, P. J., Kiehl, J.
T., and Rosenfeld, D. (2001) Science 294, 2119. Stott,
P. A et al.(2000) Science 290, 2133. Wichmann, H.-H.,
Peters, A. (2000): Phil. Trans. R. Soc. Lond. A. 358,
2751. Yu, F., and Turco, R. P. (2000): Geophys. Res.
Lett. 27, 883.
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The regional and global radiative effects of fossil-
fuel soot (black carbon plus organic matter) are pre-
dicted to depend substantially on its mixing state,
and the mixing state begins to evolve at the point of
emission. One set of field data (1) have shown that,
within minutes of emission, the soot particle size dis-
tribution can evolve substantially, eliminating a 10-
nm nucleation-mode peak, consisting mostly of organic
matter, in favor of a larger peak around 40-50 nm,
which may merge with the 70 nm emission peak of
black carbon. Because the number of small particles
in the data set decreased significantly while the num-
ber of large particles did not, it was hypothesized in
that study that Brownian coagulation played a large
role in the evolution of the nanoparticle size distri-
bution. Here, it is found that Brownian coagulation,
alone, is insufficiently fast to account for the observed
rapid evolution of the size distribution. However, the
enhancement of Brownian coagulation due to Van der
Waal forces offset by viscous forces together with en-
hancement due to soot particle fractal geometry can ac-
count for a much greater share of the evolution. These
processes were represented together with aerosol emis-
sions, nucleation, condensation, dissolution, hydration,
and chemistry among 10 aerosol size distributions and
gas chemistry in a high-resolution three-dimensional
numerical simulation examining the internal mixing of
soot among multiple size distributions. Results sug-
gest that coagulation is important, not only for rapidly
mixing organic carbon/black carbon nanoparticles, but
also for creating new distributions from the interactions
of soot with background particles. (1) Zhu, Y., W. C.
Hinds, S. Kim, and C. Sioutas, JAWMA, 52, 1032-1042,
2002.
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