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Design and Development of a Passive Large Particle
Impactor. SANG-RIN LEE, Suresh Dhaniyala, Thomas M
Holsen, Clarkson University.

In this study a new passive, large particle impactor (PLPI)
(PM<10) was developed and evaluated in a wind tunnel.
The PLPI is designed to be isoaxial and isokinetic to
enable large particles sampling without bias. The PLPI
can provide representative sampling without requiring a
mass flowmeter controller or pump. The PLPI is
especially useful for aerosol wind tunnel studies to
evaluate particle generation techniques and characterize
particle concentrations and spatial uniformity at the test
location.

The original passive impactor, developed in 1941 by May,
was designed to sample particles larger than 30 micro-
meter at wind speeds greater than 3.6m/s. The PLPI
improves on this original design. Its cut-off size is
reduced to 13.5 micro-meter at a wind speed of 3.5m/s.
The PLPI is an open-design, flow-through impactor that
enables near isokinetic sampling conditions, when
directed towards the wind. Numerical simulations
suggest that the PLPI has a sharp collection efficiency
curve. In this study, the design of PLPI will be presented.
Design parameters such as S/'W, W/T, and W/P, where S
is jet to plate distance, T is the length of throat, W is
throat diameter, and P is plate diameter, were investigated
using impaction theory and computation fluid dynamics
(CFD) modeling. Results of the PLPI calibration in a
wind tunnel using the Aerosol Particle Sizer (APS, TSI)
will be presented.

Instrumentation

2P.2

Wind Tunnel Evaluation of a Novel Large Particle Inlet
(LPI). SANG-RIN LEE, Suresh Dhaniyala, Thomas M Holsen,
Clarkson University.

Previously a novel Large Particle Inlet (LPI) was
designed and developed using CFD simulation. Design
parameters which were found to affect the performance of
the LPI were slot entrance width, inner wall shapes and
sampling flowrate. Inlet efficiency curves as a function of
Stokes number and wind speeds were derived empirically
based on CFD simulation results. CFD simulations
showed that the LPI can sample particles up to 100 micro-
meter at low ambient wind speeds. The objective of this
study is to evaluate the performance of the LPI with wind
tunnel experiments. In order to accomplish this,
techniques were developed to generate large particles of
known size uniformly in the wind tunnel. These
techniques had to work for particles up to 100 micro-
meter with which is especially difficult because of their
large inertia, large settling velocity, and long relaxation
time. Several injection methods including the use of a
Dust feeder loaded with Arizona road dust (coarse grade)
or glass beads (5 micro-meter <dp<100 micro-meter) and
Vibrating Orifice (Oleic acid) were investigated. Several
injection configurations were tested, including: placing
the dust feeder inside the wind tunnel, aerosol injected
from the side wall, and particles injected against the flow
direction. More details about the generation method and
LPI evaluation will be addressed in the presentation.
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Tribulations in the Development of an Aerosol
Concentrator. DAVID ALBURTY, Zachary Packingham,
Alburtylab; Andrew Page, Page Applied Research.

Development of an air-to-air concentrator is described,
that operates by charging aerosols drawn into the device
and removing a portion of air through a charged screen
into a \major flow\. In theory, this results in the
concentration of the particles into a much smaller \minor
flow.\ The inlet must be designed to provide sufficient
charge to the target particles to provide adequate mobility
to resist the air flow through the major flow. This process
potentially can greatly multiply the concentration of
aerosols with diameters from 0.5 microns up to 10
microns in the minor flow. In practice, many designs
failed to produce the anticipated results.

The parameters controlling the enrichment of particles in
the gas stream by this method are complex; and include
the initial charge on the particles, charges taken up by the
particles during active charging, the repelling force
developed at the screen, and the electrical/physical design
of the system to optimize the collection of particles into
the minor flow. Many aerosol collection/detection
systems could use the potential advantage of pre-
concentration of aerosols to improve their performance.
Scaling has been demonstrated from 5-400 LPM (major
flow) and 0.25-190 LPM (minor flow).

Each design begins with determination of the required
total system flow rate and major to minor flow ratio.
Then, a CFD model is constructed; the device is built to
specifications and demonstrated at the desired flow rates
and particle sizes to verify its performance. The model
must then be adjusted to explain the sometimes
unexpected experimental results. Several prototypes are
discussed. An electrostatically driven air-to-air
concentrator may hold significant advantages over
traditional concentrators, such as virtual impactors;
namely, reduced power requirements, elimination of small
clog-prone paths, and reduced fabrication cost.

Instrumentation
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Improved Versatile Aerosol Concentration Enrichment
System (iVACES). YONGIJING ZHAO, Boris Grits, Anthony
S. Wexler, University of California-Davis.

Numerous epidemiological studies demonstrate that
elevations in PM10 and PM2.5 are correlated to increases
in acute morbidity and mortality in the population and
that children growing up in more polluted environments
experience reduced lung function, which may predispose
these populations to acute effects. Yet, the vast majority
of the human population and typical animal models do not
elicit measurable physiological changes to normal levels
of air pollutants. One approach to understand these health
effects is to expose animal models to particle
concentrations greatly in excess of ambient by means of
particle concentrators. The Versatile Aerosol
Concentration Enrichment System (VACES) designed by
USC is portable and relatively inexpensive so is very
popular with toxicologists and others who are
investigating the health effects of ambient PM.

Under CARB funding, we have tested a number of
operating parameters for VACES finding that although it
operates as claimed under the meteorological conditions
prevailing in southern California, it fails to concentrate
well under a range of conditions include those that often
prevail in northern California. Also, the VACES design
and construction can be improved to make it more robust.
In this work, we made a number of improvements to the
VACES, called iVACES, to increase the range of
meteorological conditions under which it can concentrate
ambient particles.

The iVACES consists of a saturator which increases the
humidity of the particle-laden inlet air, a cooler in which
the particles grow by water condensation, a low-pressure-
drop virtual impactor, and a humidity/heat exchanger
which balances the humidity and temperature with
ambient air and subsequently return particles to their
original size. The iVACES was designed based on
theoretical evaluation of different air temperature and
airflow Reynolds number regimes, as well as on the
analysis of the current VACES. Results of theoretical
calculations and laboratory tests on iVACES are
presented.
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A Model for Designing Sampling Cyclones with Specific
Cutpoint and Slope. THOMAS PETERS, The University of
Iowa; Lee Kenny, Health and Safety Laboratory; Robert
Gussman, BGI Inc.

Experiments were carried out on a new addition to the
sharp-cut-cyclone family of cyclones to determine how
collection characteristics change with dimension and flow
rate. The collection efficiency curve of the cyclone was
determined with respect to acrodynamic particle size at
three flow rates. Measurements were made with an
aerodynamic particle sizer. An empirical model was fitted
to these new data and that from previously tests of
cyclones within this family. The new model enables a
cyclone to be designed with known cutoff characteristics
(50% cutoff diameter and slope of the collection
efficiency curve) for a given flow rate. It extends the
capability of the original model, presented by Kenny and
Gussman (2000), in both flow rate and particle cutoff
diameter to include greater flow rates and particle
cutpoint diameter of up to 15 micro-meter.

L.C. Kenny and R.A. Gussman (2000) A direct approach
to the design of cyclones for aerosol-monitoring
applications. J. Aerosol Sci. 31(12)1407-1420.
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A New Instrument for Large Particle (10-100 micron) Size-
segregated Analysis. KRISHANU BANERJEE,Sang-Rin Lee,
Suresh Dhaniyala,Thomas Holsen,Clarkson University.

Large Particles (10-100) microns) are major constituents
of dry deposition. The objective of this research is to
obtain size distribution of large particles so that their net
deposition rates can be accurately determined. The
existing instruments are largely designed to sample and
analyze particles smaller than 10 micron. Here, we
present a new instrument design for size-segregated
analysis of particles larger than 10 microns. In the
proposed instrument a curved pipe (900 bend) geometry is
considered. The sampled aerosol particles are injected
into clean sheath air in the instrument. Particles are
gravitationally sedimented into the clean flow as they the
instrument curves from a vertical to horizontal
orientation. The location of sampling channels along the
curve edge results in size-segregated collection of
sampled particles. Numerical modeling was used to
determine the effect of pipe geometries (circular and
rectangular cross-sections) on the collection
characteristics. The rectangular cross sectional geometry
is seen to separate particles with higher resolution than
the circular geometry. This is because, in the circular
cross sectional pipe counter rotating vortexes are formed
for typical flowrates of interest. To minimize secondary
flow contribution with circular geometries, small Dean
numbers must be maintained, but this is not practical for
ambient applications. The resolution of the instrument is
seen to be a function of aerosol to sheath flow ratio, pipe
curvature ratio, classifier aspect ratio, particle settling
velocity and the sampling flow ratio. Details of the
instrument geometry, sizing performance, and wind-
tunnel test results will be presented.
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Use of CFD for Design of Circumferential Slot Virtual
Impactors. SHISHAN HU, Daniel LaCroix, Clinton Adams,
John S. Haglund, Andrew R. McFarland, Texas A&M
University.

Numerical simulation techniques were used to in design if
circumferential-slot virtual impactors (CSVIs), which are
employed to concentrate bioaerosol particles in the size
range of 1-15 micrometers. The CSVI's have nominal
flow rates of 10 and 100 L/min and operate at 10% minor
flow ratios. Fluent Version 6.2 was used to analyze
problems encountered with the 100 L/min unit, including
unstable flow and wake-flow deposition. For an earlier
version of the 100 L/min, CFD showed an asymmetric
flow structure in the axisymmetric geometry. Unsteady
simulations showed the jet in the receiver nozzle
fluctuates with time, whereas the flow in the 10 L/min
unit was stable. In experimental tests, the symptoms of
the instability in the 100 L/min unit were a pulsing noise
and heavy internal deposition of particulate matter. That
unit was found to have an adverse pressure gradient in a
large receiver region, while the 10 L/min has a much
more favorable pressure gradient and a smaller receiver
section. The 100 L/min unit was re-designed to have a
higher jet velocity and a smaller receiver section.
Physical experiments with the re-designed system showed
there to be no noise and a minor flow transmission
efficiency for 10 micrometer particles of 80%, which is
considerably higher than the value of 30% determined for
the earlier unit at the same particle size. However it is
lower than the 95% predicted from numerical methods. It
was noted during the experiments that there was particle
deposition on surfaces in the wake region of the posts that
are used to connect and align the two halves of the CSVI.
CFD found a strong wake flow downstream of the posts,
which can propagate into the receiver nozzle and could be
the cause of the particle deposition. The posts were
moved outward, and physical tests on a prototype showed
95% transmission efficiency for 10 micrometer particles.
The prototype has a wide dynamic range, i.e., it transmits
particles in the Stokes range of 1-100 with efficiencies
larger than 50%. Pressure drop is only 2-inches of so the
unit can be battery operated in the field.

Instrumentation

2P.8

Transmission Efficiency of a PM2.5 Aerodynamic Lens:
Comparison of Model Calculations and Laboratory
Measurements. DAGMAR TRIMBORN, Leah R. Williams,
Achim M. Trimborn, Timothy B. Onasch, John T. Jayne,
Douglas R. Worsnop, Aerodyne Research, Inc.; Jennifer P.
Mclnnis, Cornell University; Dahai Tang, Kenneth A. Smith,
Massachusetts Institute of Technology.

We present new results for the transmission of the
aerodynamic lens system for larger particles into the
Aerodyne Aerosol Mass Spectrometer (AMS). This lens
system is designed for the transmission of relatively large
particles (but less than 3 micrometers) by operating in the
10-15 Torr range and was investigated with
computational fluid dynamics (CFD) calculations and
experimental measurements. The CFD calculations
include the critical orifice, a valve assembly and the
aerodynamic lens itself and predict near unit transmission
in the particle size range from 70 nanometer to 2.5
micrometers. The beam quality was qualitatively
investigated by visually observing collected polydisperse
ammonium nitrate particles on a substrate. Quantitative
experiments of the particle collection efficiency as a
function of particle size were conducted with
monodisperse aerosols of different compounds using an
AMS equipped with a light scattering particle detector.
The calculations and the measurements agree
qualitatively. The visualization experiments show that
extremely high accuracy is required in the machining of
the device. Reducing the lens pressure shifts the
transmission to smaller particles and increasing the lens
pressure shifts the transmission to larger particles as
predicted by the calculations.
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The Influence of Ice Crystal Bounce and Fragmentation on
Aircraft-based Optical Particle Probe Measurements.
DEREK J. STRAUB, Susquehanna University; Darrel
Baumgardner, Centro de Ciencias de la Atm

Instruments that use optical scattering to measure particle
concentrations and size distributions are routinely used
for aircraft-based microphysical research. These
instruments provide a valuable, automated, in-situ data
collection technique. However, aircraft-based particle
sampling is challenging and measurement errors can
sometimes be difficult to recognize and diagnose.
Inconsistent measurements in mixed phase and ice clouds
have lead to speculation that ice crystals that impact
surfaces upstream of the sensing optics can potentially
fragment and pass through the sensing volume leading to
an overestimation of particle number concentration.

To investigate potential measurement errors resulting
from ice crystal impact, fragmentation, and rebound, air
flow and particle trajectory modeling has been performed
as part of this study. The specific probes of interest
include the Forward Scattering Spectrometer Probe, the
Cloud and Aerosol Spectrometer, and the Cloud Droplet
Probe. The computational fluid dynamics (CFD) software
FLUENT was used to generate air flow fields around each
of these probes. Operating conditions were selected to
represent cirrus conditions and a domain inlet velocity of
180 m/s was specified. The flow modeling also featured a
Reynolds Stress Model for turbulence parameterization
and wall functions to define near-wall properties.

Air velocity fields exported from the CFD analyses were
used to initialize a particle trajectory model that
specifically resolved particle impact and re-entrainment
into the flow field. Trajectory simulations were
performed for particles that were released into the flow
field upstream of the probe inlets. Particles that passed
through the sensing volume after impacting an upstream
probe surface were counted as artifacts. To
comprehensively assess the outcomes of particle/inlet
contact, individual particles were assigned a range of
rebound angles after impact. In this way, upper and lower
limits were placed on the potential for counting and sizing
errors in optical particle probe measurements.

Instrumentation

2Q.2

Aerosol Penetration Through Electoformed Wire Screens.
TAEWON HAN, Sridhar Hari, John S. Haglund, Andrew R.
McFarland, Texas A&M University.

Experimental and numerical investigations undertaken to
characterize aerosol deposition on commercially available
electroformed wire screens. Deposition of particles was
characterized over a size range of 3 to 20 micrometers, a
porosity range of 0.56 to 0.9, a range of wire widths from
35 to 160 micrometers, and superficial velocities from
0.04 to 1.99 m/s. The obtained data encompass a range
of particle Stokes numbers 0.49 to 20 and wire Reynolds
numbers from about 0.2 to 30. Three-dimensional
Computational Fluid Dynamics (CFD) calculations were
undertaken using Fluent (version 6.1.22). Results of
numerical predictions are in good agreement with
experimental data, supporting the utility of the numerical
technique. Equations correlating the actual efficiency with
Stokes number and areal solidity (0.1 to 0.44) were
obtained. For each screen, results showed that beginning
at a critical value of Stokes number, efficiency increased
gradually to its maximum value, which is approximately
the asymptote to the areal solidity. It is shown that data
obtained from experimental and numerical studies
collapse to a single curve if the collection efficiency is
expressed in terms of an empirical non-dimensional
parameter (standardized screen efficiency). Correlations
expressing the pressure loss coefficient, Cp, as a function
of the Reynolds number and areal solidarity were also
generated.
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Development and Validation of the Releasable Asbestos
Field Sampler. JONATHAN THORNBURG, Jeremy
Seagraves, RTI International; John Kominsky, Environmental
Quality Management Inc.; John Tish, Tisch Environmental

Asbestos aerosolization (or releasability) is the potential
for fibrous asbestos structures that are present in a
material or on a solid surface to become airborne when
the source is disturbed by human activities or natural
forces. In turn, the magnitude of the airborne
concentration that can be generated from the release of
asbestos is a function of the concentration of asbestos at
the source, source matrix properties, the nature of the
processes disturbing the source, and local environmental
conditions. The primary utility of assessing asbestos
aerosolization relates to the ability to predict airborne
exposure (and associated health risk) from asbestos fibers
on surfaces.

Currently available methods for repeatable, representative
measurement of asbestos aerosolization from bulk
materials are not suitable for field use. Current methods
require removal and transport of the source matrix,
thereby potentially altering the matrix physical
characteristics and subsequent aerosolization. The
Releasable Asbestos Field Sampler (RAFS) was designed
to provide repeatable and representative asbestos
acrosolization data from soil in situ. The RAFS simulates
a raking motion to disturb the soil. A gentle airflow
transports the generated aerosol laterally inside a tunnel to
one end where filter samples or real-time instruments are
located.

The RAFS was tested in laboratory and field experiments.
Laboratory data showed the RAFS generated repeatable,
representative aerosol concentrations. Concentrations
varied between 0.3 to 30 particles per cubic centimeter.
The aerosol concentration and size distribution was
dependent on RAFS operating conditions and soil
moisture content. The variability in aerosol generation
for specified test conditions were statistically insignificant
(p-value < 0.05). Field tests showed the RAFS
aerosolized asbestos at similar rates as human activities
and aerosolized concentrations were correlated with total
particle concentrations.

Although this work was reviewed by U.S. EPA and
approved for publication, it may not necessarily reflect
official Agency policy.

Instrumentation
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Digital Microfluidic Impactor for Measurements of the
Aerosol Chemical Composition. ANDREY KHLYSTOV,
Ming-Yeng Lin, Randy Evans, Richard Fair, Duke University.

We describe the development and characterization of a
prototype system that integrates a single stage impactor
with a digital micro-fluidic substrate for determination of
sulfate and other ions in acrosol. The aerosol is impacted
directly onto the surface of a Teflon-coated micro-fluidic
chip. After a brief collection phase, the collection surface
is extracted with a micro-liter droplet of ultra pure water
that is digitally directed across the surface dissolving
collected aerosol constituents. The extraction droplet is
then analyzed ether colorimetrically or using on-chip
capillary electrophoresis. In this work we characterize the
impactor cut-off, the extraction efficiency for laboratory
and ambient aerosols and the performance of on-chip
analysis.
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Collection Efficiency and Diffusion Broadening in an
Electrostatic Classification Aerosol Inlet for Thermal

Desorption. ANGELA 1. SHIBATA, Sonya C. Collier, Denis J.

Phares, University of Southern California.

This study presents theoretical and experimental analyses
of the collection efficiency in a low pressure cylindrical
classification inlet. The device resembles a cylindrical
Differential Mobility Analyzer (DMA) in that a sample
flow is introduced around the periphery of the annulus
between two concentric cylinders, and charged particles
migrate inward towards the inner cylinder in the presence
of a radial electric field. The operating pressure ranges
from 1 to 40 Torr. Instead of being transmitted to an
outlet flow, the sample is collected onto a Nichrome
filament located on the inner cylinder. The primary
benefit of this mode of size-resolved sampling, as
opposed to acrodynamic separation into a vacuum, is that
chemical ionization of the vapor molecules is feasible.
Collection efficiency curves are computed with and
without Brownian diffusion, which becomes more
significant at lower pressures. Since there is no outlet
aerosol flow, experimental characterization of the inlet
requires chemical analysis of the vapor produced from
desorption of particle standards. In this study, polystyrene
latex spheres ranging in diameter from 20 nm to 200 nm
are introduced into the inlet and the resulting vapor is
analyzed using low pressure chemical ionization mass
spectrometry.

Instrumentation

2Q.6

Development and Experimental Evaluation of Aerodynamic
Lens as an Inlet of Single Particle Mass Spectrometry.
KWANG-SEUNG LEE, Sung-Woo Cho, Donggeun Lee, Pusan
National University.

In this study, we performed a numerical simulation on
aerodynamic focusing of nanoaerosol particles. The
focusing and transmission efficiencies of single
aerodynamic lens were estimated as a function of particle
size. As a result, we found that particle behavior was
characterized by two dimensionless parameters such as
particle Stokes number and flow Reynolds number when
outer diameter and length of the lens are kept constant.
An optimal design achieved from the single lens analysis
was evaluated by simulating an assembly of those single
lenses. The resultant aerosol beam diameters from
numerical simulation were compared and agreed
reasonably well with those from light scattering imaging
of as well as deposition and observation of aerosol beam.
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An Overview of NASA-Sponsored Research to Characterize
and Improve Methods for Measuring Aircraft Particle
Emissions. BRUCE E. ANDERSON, NASA Langley Research
Center; Chowen C. Wey, NASA Glenn Research Center; David
S. Liscinsky, United Technologies Research Center; Anuj
Bhargava, Pratt and Whitney; Phillip Whitefield, University of
Missouri at Rolla; Richard C. Miake-Lye, Aerodyne Research
Inc.; Robert Howard, AEDC/ATA.

Tests conducted to measure the size and concentration of
particles in hot, high-velocity gas turbine engine exhaust plumes
have produced highly variable results, primarily because of a
lack of uniform and well-characterized sampling and
measurement approaches. To quantify the sources of this
variability and to help establish standard measurement
methodology, NASA recently sponsored laboratory and field
experiments to evaluate aircraft exhaust sampling and
measurement systems. The work focused in three primary
areas: assessing size and mass-dependent particle losses through
sample transmission and distribution lines; determining inlet
probe collection and transmission efficiencies; and comparing
the relative and absolute precision of instruments designed to
measure particle concentration, composition, and microphysical
properties. Participants in these tests included researchers from
NASA, the United Technologies Research Center, Pratt and
Whitney, the University of Missouri at Rolla, Aerodyne
Research Inc., and the Air Force's Arnold Engineering
Development Center.

Three separate experiments were conducted during 2006: two at
the NASA Langley and the third at NASA Glenn. The Langley
experiments focused upon characterizing the diagnostic
instruments, sampling probes and transmission lines used during
the NASA-sponsored Aircraft Particle Emission Experiment
(APEX) test series using particles generated by a variety of
sources including a tube furnace, torch, spark source, and a
turbo-jet powered ground support vehicle. The NASA Glenn
tests evaluated a broader assortment of sampling probes
(including uncooled and water-cooled gas and aerosol probes)
and transmission lines (heated and unheated, flexible, small and
large diameter) using a tube furnace, ambient aerosols, the
center's Learjet as particle sources. Component performance
was evaluated (where applicable) as functions of particle size,
concentration, and composition; exhaust gas velocity and
temperature; sample flow rate, temperature and pressure; and
test article heating or cooling. Test results along with a
discussion of recommended sampling and measurements
strategies will be presented.

Instrumentation
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Sample Line Efficiency Measured with a Real Time
Particulate Size Spectrometer. JONATHAN P.R.
SYMONDS, Jason S. Olfert, Kingsley St.J. Reavell,
Cambustion Ltd, U.K.

Penetration efficiencies of particle lines as a function of
particle size were measured with a DMS500 Fast
Particulate Size Spectrometer. A 25 m length of
conductive silicone tubing was compared with a 1 m
length by passing nebulised, dried and bipolar neutralised
sodium chloride aerosols (in the ca. 10-100 nm size
range) through each sample line into the DMS500. Use of
an up-stream orifice plate allowed the experiment to be
repeated at 0.25 atm as well as at 1 atm pressure. Various
flow rates (<8 slpm) were used, with Reynolds numbers
within the laminar regime. A TSI 3081 SMPS was also
used for a 1.5 slpm flow rate at 1 atm.

Particle penetration vs. size was compared with various
diffusive deposition models. Even for the laminar flows
considered, the laminar flow penetration model given by
Hinds (1999) gives poor correlation with the experimental
data. However, the semi-empirical model for diffusive
deposition velocity in the turbulent regime given by Wells
and Chamberlain (1967), combined with an expression for
penetration efficiency derived from the principle of
conservation of mass, does give good correlation with the
data.

The penetration efficiency of particles from a light-duty
common-rail Diesel engine at fast idle was also measured
with the DMS (the 200 ms time response giving better
measurement of the fluctuating aerosol than the SMPS).
Again, even for low Re, correlation was better with the
turbulent model than with the laminar model. Also
combinations of hot (150 degrees C) and cold conductive
PTFE sample lines and hot and cold dilution air at the
point of sampling were considered, and the results
compared with likely thermophoretic losses.
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The Effectiveness of Bubble Aerosol Generators for
Sensitive Bacteria. GEDIMINAS MAINELIS, Heyreoun An,
Rutgers, The State University of New Jersey; Jana Kesavan, US
ARMY ECBC.

Various studies often need bioaerosol generators that
can not only efficiently produce a stable bioaerosol
output, but also minimize injury and inactivation of
sensitive microorganisms. The widely-used nebulization
technique has been shown to cause damage to some
sensitive organisms. As a less injurious alternative, the
bubbling mechanism has been explored for aerosolization
of sensitive microorganisms.

In this research, we used a non-circulating bubble
aerosol generator (NCBG) designed in an earlier study
and evaluated its performance when aerosolizing sensitive
bacteria, Erwinia herbicola. This was achieved by
measuring the percentage of viable Erwinia herbicola in
the generated aerosol and in the generator's reservoir at
different acrosolization times. The same testing protocol
was applied for Collison nebulizer (CN) and a circulating
bubble acrosol generator (CBG), which was built for this
study.

Among the three investigated bioaerosol generators,
the Collison nebulizer (CN) exhibited the highest average
viability at the aerosolization times of 0 and 90 min.
However, the viability of the bacterial acrosol produced
by CN decreased by 43% after 90 minutes of
aerosolization. In addition, the aerosol concentration
produced by the CN has steadily increased during the
aerosolization process and after the 90 min of
aerosolization it was higher by 60% compared to t =0
min. The non-circulating bubble generator (NCBG), on
the other hand, had produced very stable bioaerosol
concentration during 90 minutes of aerosolization and the
viability of bacterial aerosol has decreased only slightly
(13%) after 90 min of continuous aerosolization. Thus,
the NCBG may provide a more suitable bioaerosol
generator choice when stable bioaerosol concentration
and viability are required over extended periods of time.
The circulating bubble generator (CBG) also provided
aerosol with stable concentration and viability; however,
the aerosol concentration and viability were substantially
lower than that of the other two generators.

Instrumentation
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Experimental evaluation of electrodynamically focused
nanoparticle behavior in the quadrupole electric field.
JINYOUNG CHOI, Sangsoo Kim, Korea Advanced Institute of
Science and Technology; Seokjoo Park, Korea Institute of
Energy Research.

The aerosol focusing technology is used in many areas
such as particle monitoring apparatus, atmospheric
chemistry and semiconductor processes. An aecrodynamic
lens system, which consists of a single or a series of
concentric orifice, is the method that has been most
widely used to produce the focused particle beams. This
aerodynamic focusing method is conceptually simple and
effective for various applications, but has some
limitations. In order to overcome these limits and propose
the alternative way to aerodynamic focusing, we have
already reported the concept of the electrodynamic
focusing using the quadrupole electric field by numerical
simulations in our previous researches. In this study, we
have constructed the actual system based on the results in
previous works and investigated the focusing
characteristics of charged nanoparticles in the quadrupole
electric field experimentally.

A nanoparticle focusing apparatus using the quadrupole
electric field was designed and constructed based on the
numerical simulations. The singly charged monodisperse
particles were prepared through a silver nanoparticle
generator using a small ceramic heater and DMA, and
then entered into the vacuum chamber in which the
quadrupole electrode system was installed. The
surrounding gas pressure at the vacuum chamber and
particle size were each kept below 10torr and 100nm. The
Faraday cup and micro electrometer were used for
detecting the focused particles.

Experiments were performed for different frequencies and
amplitudes of AC voltage applied to the quadrupole
electrodes with the change of the system pressure and
particle size. The experimental results are in good
agreement with the tendency predicted by the numerical
simulation. In conclusion, the possibility of
electrodynamic focusing of nanoparticles using the
quadrupole electric field was validated through the
fundamental experiments.
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The Use of Gold-Coated Filters to Measure Mercury
Deposition. Ying Liu, JJAOYAN HUANG, Thomas M.
Holsen, Clarkson University.

Mercury (Hg) is a toxic pollutant due to its
bioaccumulation in the food chain and its adverse effects
on human health. In this study, a direct Hg dry deposition
measurement technique using gold-coated filters was
developed. The analysis apparatus was made up of a two
parts quartz furnace. Water was circulated at 50 degrees
Celsius, and contained quartz chips and quartz wool to
enhance the conversion of RGM to Hg0 which was then
analyzed with a Tekran 2537A. An injection port was
added to the apparatus upstream of the quartz furnace.
The zero air flushing flowrate was an important
determinant in mercury recovery. Recoveries of 25, 50
and 75 uL of Hg0 were 88%, 90%, and 92%, respectively
at 1.5 L/min flushing rate, but decreased to 76%, 81% and
86%, respectively at flushing rate of 1.0 L/min. At a
flushing rate of 1.5 L/min, the recovery of mercury in
NIST coal fly ash was approx. 90%. There was no
significant difference between the filters coated with gold
for 1 and 2 min and exposed in a particle-free clean lab
for up to 24 h. Sampling rates (0.56 - 0.83 m3/d), and
RGM and Hg0 transfer velocity (0.32 to 0.56 cm/s)
decreased with increasing sampling time. HgCI2 solution
and mercury in NIST urban particulate matter will be
used to further evaluate the analysis system. Longer
exposure time and argon gas as flushing gas will be
evaluated.

Instrumentation

2R.2

Effects of Flame Conditions and Atmospheric Aging on the
Speciation of Metal Oxide Nanoparticles as determined by
X-Ray Absorption Near Edge Structure (XANES).
BENJAMIN KUMFER, Cort Anastasio, lan Kennedy,
University of California - Davis; Peter Nico, Lawrence Berkeley
National Laboratory.

Nanoparticles emitted from waste incinerators and other
industrial combustion processes contain various metals
that may significantly contribute to the associated adverse
health effects in humans. The oxidation state of these
metals can be a very important factor in determining
particle toxicity. For example, the oxidation state of metal
oxides can determine the solubility, which can in turn
determine the exposure routes and the toxicity caused by
dissolution in biological systems. In the case of
chromium, toxicity is directly related to the oxidation
state: Cr(VI) is highly toxic and carcinogenic while Cr
(I10) is relatively benign. In this work, the oxidation state
of flame-generated metal oxide nanoparticles is measured
using X-ray Absorption Near Edge Structure (XANES), a
powerful analytical technique that has significant value
for environmental analyses. Combinations of chromium,
manganese, and iron oxide particles were synthesized in a
laboratory hydrogen diffusion flame. The effects of flame
temperature and particle composition on the metal
speciation were determined. The fraction of Cr(VI) was
found to increase with flame temperature, and decrease
with the addition of iron. The effects of simulated
atmospheric aging on metal oxidation state were also
explored. Nanoparticles were collected onto filters, placed
in an aging chamber, and exposed to humidified air,
ozone, and simulated sunlight. The XANES analysis
reveals complex time-dependent changes in the oxidation
state of Cr and Mn due to aging. The results suggest a
competition between the oxidation of metals occurring at
the particle-gas interface, and reduction occurring deeper
within the particle interior.
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2R3

Evaluation and Comparison of High Time Resolution
Wetted Denuder-Ion Chromatography Methods for the
Determination PM Ion and Gaseous Precursors
Concentrations during Controlled Laboratory and Field
Intensive Studies. RUSSELL W. LONG, Brett D. Grover,
Matthew S. Landis, Robert W. Vanderpool, U.S. EPA, National
Exposure Research Laboratory; Keith G. Kronmiller, Alion
Science and Technology; Robert Murdoch, RTI International;
Delbert J. Eatough, Brigham Young University; Robert K.
Stevens, Florida Department of Environmental Protection.

Research conducted in the laboratory by EPA at its
facility in Research Triangle Park, NC and by EPA,
Florida Department of Environmental Protection,
Brigham Young University (BYU), RTI International and
others during field intensive studies in Florida (Tampa,
May 2005), Utah (Lindon January-February 2007) and
North Carolina (RTP, May-June 2007) has evaluated
instrumentation for the semi-continuous determination of
water-soluble particulate components (SO,”, NO,, NO,,

CI, and NH,") and gaseous precursors (SO,, HNO,,
HONO, HCI, and NHj;) using instrumentation based on

continuous flow wetted denuder (WD) and ion
chromatography (IC) technology. Results were obtained
using two semi-continuous instruments (URG Series 9000
Ambient Ion Monitor, AIM, and the Dionex Gas Particle
Ion Chromatograph, GP-IC) and integrated denuder/filter
based methods for both gases and particulate components
during the controlled laboratory investigations and field
intensive studies. Comparisons were made among the
different gaseous (Tampa) and particulate (Tampa,
Lindon and RTP) species concentrations obtained by the
URG AIM, Dionex GP-IC and the chemical analysis
results of the collected denuder and filter samples. A
brief overview of instrumental principles of operation and
the results of the inter-method comparison for gas and
particle species will be presented.

DISCLAIMER

Although this work was reviewed by EPA and approved
for publication, it may not necessarily reflect official
Agency policy.

Instrumentation

2R4

Mini TD-GC/MS Round Robin: an Interlaboratory Study of
the Performance of Thermal Desorption GC/MS for
Particulate Matter Analysis. GIANNI CARAVAGGIO, Jean-
Pierre Charland, Penny MacDonald, Ajae Hall, Tony McPhee,
Natural Resources Canada, CANMET Energy Technology
Centre-Ottawa; Anthony Tong, Luyi Ding, Gary Poole, Lisa A.
Graham, Cathy Cheng, Jeff Brook, Environment Canada.

It has been recognized that elevated particulate matter
(PM) concentrations in ambient air produce adverse
health effects. Identification of the various PM sources
and assessment of their chemical composition are
important steps in the management of air quality. The
usual procedure for PM analysis begins with sampling air
using high volume samplers equipped with size impactors
and filters. An organic solvent is used to extract the
soluble organics from the PM filters and the extract is
separated into non polar, semi polar, and high polarity
fractions using silica gel column chromatography. Each
fraction is then analyzed by GC/MS. A relatively new
technique that can be used to analyze the chemical
constituents from PM filters is thermal desorption, TD-
GC/MS. PM organics are thermally desorbed from the
filter, cryofocused, and transferred directly to the GC/MS
for analysis. This eliminates the solvent extraction step,
the silica gel column fractionation and allows
simultaneous analysis of many of the components found
in PM samples. In addition, TD-GC/MS provides higher
sensitivity and uses less amount of sample than the
conventional method. However there are also
disadvantages such has complex chromatograms and
higher instrument maintenance due the desorption of all
components from the filter onto the GC. To ensure the
reliability of the results obtained from TD-GC/MS, a
comparison study between three systems located in
laboratories from Natural Resources Canada and
Environment Canada will be performed. Phase 1 testing
will involve analyzing a suite of pure compounds
commonly found in PM that will spiked onto filters.
Phase 2 will involve analysis of the soluble organics of
diesel PM trapped on filters. The filters from each phase
will be extracted and analyzed by GC/MS. We will
present the comparison between results from GC/MS of
the liquid extracts to those from the TD-GC/MS analyses.
In addition, the interlaboratory comparison of the TD-GC/
MS results will be presented.
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2R.5

Development and Characterization of a Fast Stepping
Thermodenuder for Chemically-Resolved Aerosol Volatility
Measurements. J. ALEX HUFFMAN, Jose L. Jimenez,
University of Colorado at Boulder; Paul J. Ziemann, University
of California-Riverside; John T. Jayne, Douglas R. Worsnop,
Aerodyne Research, Inc.

A thermodenuder (TD) system, based on the design of
Wehner et al. (2002), was designed, constructed, and
characterized in the laboratory. The TD consists of a
heated tube (2.5 cm ID, 50 cm long) held at a constant
temperature by a 3-zone controller, followed by a cooling
zone with a diffusion tube lined with activated charcoal
for adsorption of the evaporated gases. An important
improvement over the Wehner design is the ability to step
through TD temperatures in ~10 min. by the reduction of
thermal inertia, the use of 3 instead of 1 heating
controller, and the addition of two cooling fans.

Temperature profiles inside the TD at several
temperatures were acquired, and are relatively uniform.
The TD system was also characterized with respect to
particle losses due to diffusion and thermophoresis using
non-volatile monodisperse NaCl aerosol. Losses at
ambient temperature are close to the diffusion losses
estimated with literature techniques, and are slightly more
than shown by Wehner et al. Finally the relationship
between aerosol size, composition, vapor pressure, and
evaporated mass fraction were characterized using
NH4NO3, (NH4)2S04, and several organic species, as a
function of both particle size and TD temperature.

The thermodenuder was placed upstream of an
Aerodyne Aerosol Mass Spectrometer (AMS) and TSI
Scanning Mobility Particle Sizer (SMPS) during four
different field campaigns. An automated valve system
was designed and built to allow rapidly alternating data
points between thermodenuder-processed aerosol, and un-
processed ambient aerosol. This system allows for the
collection of a standard ambient dataset, as well as a mass
spectral-volatility spectrum ranging from 50 - 200 degree
C. Example data and volatility plots will be shown to
highlight the type of information accessible with this
system.

Instrumentation

2R.6

Hourly Speciation of Water-Soluble Metals in Aerosols
Using a Particle-Into-Liquid Sampler and Liquid
Waveguide Capillary Cell. MICHELLE OAKES, Neeraj
Rastogi, Rodney Weber, Georgia Institue of Technology; Brian
Majestic, Martin Shafer, James Schauer, University of
Wisconsin-Madison.

Water-soluble trace metals in the atmosphere, such as Cr
(VI), Mn(II), and Fe(Il) influence public health, ocean
biogeochemistry, and climate. Filter-based measurements with
a 24-hr integration time are used to quantify trace metals.
Although this method provides an adequate measurement of
daily contributions of trace metals, it does not provide insight
into acute exposures that could be higher than daily averages,
nor sources with high temporal variability. An enhanced time-
resolved data set may help identify sources and lead to more
effective control strategies to improve public health. A Particle
into Liquid Sampler (PILS) has been developed to collect
particulate matter (PM) with high collection efficiencies for
online measurement of atmospheric pollutants. In previous
studies, the PILS has been coupled to a dual channel ion
chromatograph and total organic carbon analyzer to measure
specific atmospheric ions and water-soluble organic carbon,
respectively (Orsini et al., 2003; Sullivan et al., 2004). Both
systems have produced robust measurements comparable to
existing measurements from offline techniques.

Spectrophotometry is a powerful tool for real-time detection
of light absorbing species. Ligands, such as ferrozine,
diphenylcarbazide, and formaldoxime, interact with Fe(II), Cr
(VI) and Mn(II), respectively, forming colored complexes with
high absorptivities at specific wavelengths. When coupled to a 1
m path-length liquid waveguide capillary cell (LWCC), the
spectrophotometric technique is capable of quantifying trace
metals at nM levels. Majestic et al. demonstrated that the
Ferrozine/LWCC method can be used for measuring soluble Fe
(II) in ambient particulate matter from filter-based collections
with concentrations ranging from 0.50 and 20 ng Fe(I) m’ air.
Detection limits for Cr(VI) and Fe(Il) were determined to be
0.05 and 0.1 microgram L'1. This poster presents preliminary
results of our research on developing semi-continuous
measurement methods for soluble Cr(VI), Fe(I), and Mn(II) in
PM suitable for routine monitoring at air quality stations.

Majestic, B.J., Schauer, J.J., Shafer, M.M, Turner, J.R., Fine, P.
F., Singh, M., Sioutas, C. 2006. Development of Wet-Chemical
Method for the Speciation of Iron in Atmospheric Aerosols.
Env. Sci& Tech. 40, 2346-351.

Orisini, D. A., Ma, Y, Sullivan, A., Sierau, B., Baumann, K.,
Weber, R. J., 2003. Refinements to the particle-into liquid
sampler (PILS) for ground and airbourne measurements of water
soluble aerosol composition. Atm. Env. 37, 1243-59.

Sullivan, A.P., R. J. Weber, A.L. Clements, J.R. Turner, M.S.
Bae, and J.J. Schauer, 2004. A method for on-line measurement
of water-soluble organic carbon in ambient aerosol particles:

Copyright © 2007 by the American Association for Aerosol Research (ARRW)US from an urban site, Geophys. Res. Lett., 31, L13105
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2R.7

Development of an in-situ two Dimensional Thermal
desorption Aerosol Gas chromatography instrument (2D-
TAG). DAVID R WORTON, Amanda A. Frossard, Brent J.
Williams, Allen H. Goldstein, University of California -
Berkeley; Nathan M. Kreisberg, Susanne V. Hering, Aerosol
Dynamics Inc.; Ognjen Panic, Tadeusz Gorecki, University of
Waterloo.

The carbonaceous component of tropospheric aerosol
particles has been observed to be a significant and
variable fraction (20-50%) of the fine particle mass (<2.5
micrometers). Typically, only 10-15% of the total
organic aerosol mass has been identified at a molecular
level. It is important to both understand the molecular
speciation and its temporal evolution in order to
determine source contributions and the roles of
atmospheric processing in the formation of secondary
organic aerosol (SOA). The Thermal desorption Aerosol
GC/MS-FID (TAGQG) instrument, developed jointly by the
University of California, Berkeley (UCB) and Aerosol
Dynamics Inc., has provided high time resolution in-situ
measurements of <300 organic compounds in the aerosol.
However, there are still a significant number of
compounds that are not resolved by this technique and
which are present as an unresolved complex mixture
(UCM). The large number of individual compounds
within this unresolved mixture poses significant
chromatographic challenges. Comprehensive
multidimensional chromatography (GCxGC),
incorporating two orthogonal separations, i.e., volatility
and polarity, has greatly enhanced resolving power over
conventional single dimension separations and has
facilitated the identification and quantification of a larger
suite of atmospheric organics present in the UCM.

Here, we present results from the continuing effort to
incorporate a multi-dimensional separation capability to
our current TAG instrument. The 2D-TAG system utilizes
two chromatographic capillary columns connected in
series and separated by a dual stage thermal modulator
developed at the University of Waterloo. We investigate
the effects of different modulator trapping capillaries and
carrier gas choice on the chromatography of various
liquid standard mixtures and on ambient air samples
collected at the UCB campus. We also show the effects
of the different modulator trapping capillaries on the
longevity and chromatographic integrity during round the
clock in-situ ambient air sampling.

Instrumentation

2R.8

MARGA Semi-Continuous Monitor for Aerosols and Gases.
RENE OTIJES, Harry Ten Brink, Energy Research Center of the
Netherlands; Jon Bowser, Applikon Instruments Inc.

ECN developed the MARGA, instrument for Measuring
AeRosol and GAses, for the determination of the
following air-polluting species. Ammonia, nitric acid,
nitrous acid, sulphurdioxide, hydrochloric acid in the gas
phase and ammonium, nitrate, sulphate, chloride, sodium,
potassium, magnesium and calcium in aerosols. It
measures the hourly averaged concentrations of these
compounds. MARGA is an extension of the SJAC (Steam
Jet Aerosol Collector) for on-line collection and analysis
of aerosol components with IC. The novelty of MARGA
is that the gaseous precursor species are collected in a
wet-denuder and that this absorption solution is also
analyzed on-line. Compared with the classical denuder
filter pack method this instrument offers high time
resolution, no contamination by off-line handling and no
artifacts introduced by semi-volatile ammonium salts.
New is also the capability of long-term stand-alone
measurements (over a week).

ECN and Applikon supplied USEPA CASTNET with 3
prototype instruments. The instruments were in operation
for 1.5 years since June 2005. A comparison with the
CASTNET filter method is made. For about 60% of the
entire set of weekly sampled filter packs over 80% of
validated MARGA data per filter sample was available.
These results revealed regression coefficients for SO2,
SO4 and NH4 were between 0.92 and 1.08.

Diurnal variation plots characterized the air quality.
Examples are given for Beltsville MD. Intra method
precision determined over May 2006 showed median
regression coefficient for all components of 0.95 with a
median relative standard deviation of 0.97.

The recently developed Marga 28, consists of two
sampling units connected to one detector unit for the
simultaneous determination of the PM2.5 and PM10
composition. Preliminary tests showed a precision of
better than 99% for sulphate, nitrate and ammonium at
concentration levels of 1 to 10 ug/m3. The technique
enables flux measurements and size-segregated
measurements.
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2R.9

Evaluating PAH Concentrations from Diesel Emissions in an
Underground Mine with and without Controls Using A
GSMS Thermal Desorption Method. JIM NOLL, Emanuel
Caude, National Institute for Occupation Safety and Health.

MSHA has promulgated rules to regulate miners'
exposures to diesel particulate matter (DPM) due to DPM
being a potential carcinogen. In order to comply with this
rule, control technologies are being implemented in
underground mining vehicles. PAHs are considered to be
one of the carcinogenic components of DPM. Control
technologies such as biodiesel and diesel particulate
filters may change the concentration of PAHs in DPM.
Therefore, we are setting up a method to investigate the
PAH concentrations in DPM with and without control
technologies. In an experimental mine, an Isuzu diesel
engine dynamometer has been setup to give the control of
laboratory conditions and simulate the conditions in an
underground mining atmosphere. In order to evaluate the
PAH concentrations, a trapping system has been
integrated into a GCMS to capture the DPM and then
transfer the organics into the GCMS system through
thermal desorption. The trapping system consists of
several carbon materials with different absorbent
properties. The sample is captured at 50 ml/min and then
heated to 250 oC and transferred to the GCMS (ion trap).
Another approach was to capture the DPM onto a filter
and then heat the filter and capture it on the integrated
trap where the organics would be analyzed via GCMS
using a thermal desorption method. Both methods were
tried and tested with an EPA PAH standard. DPM
samples were also collected and tested.

Instrumentation

28.1

An On-Freeway Exposure and Measurement System for
Freeway Aerosol Health Effects Study. YIFANG ZHU, Texas
A&M University - Kingsville; David C. Fung, Arantzazu
Eiguren-Fernandez, William C. Hinds, University of California
Los Angeles.

A novel exposure and air pollution measurement system
was developed and used for on-freeway particulate matter
(PM) health effects studies. A 9 passenger van was
modified with a High-Efficiency Particulate Air (HEPA)
filtration system that can deliver filtered or unfiltered air
to an exposure chamber inside the van. More than 97% of
particles were removed when the flow through the filter
box was switched from bypass mode to filter mode while
the vehicle was driving on the freeways. The filtration
system thus provides a great PM exposure contrast while
keeping gas-phase pollutant concentrations approximately
the same. State-of-art instruments were used to measure
concentration and size distribution of fine and ultrafine
particles and the concentration of carbon monoxide (CO),
black carbon, particle-bound polycyclic aromatic
hydrocarbons (PAH), PM2.5 mass, and oxides of nitrogen
(NOx) in human subjects' breathing zone. The
construction and technical details of the van, and
summary of data collected in the first 32 two-hour runs on
two major Los Angeles freeways, Interstate 405 (mostly
gasoline traffic) and Interstate 710 (large proportion of
heavy-duty diesel traffic) will be presented. Average total
particle number concentration observed inside the
enclosure, with unfiltered air, was 8.4x10"4 and 1.3x10"5
particles cm 3 on the 1-405 and the I-710 freeway,
respectively. Bi-modal size distributions were consistent
and similar for both freeways with the first mode around
16-20 nm and the second mode around 50-55 nm. Black
carbon and particle-bound PAH concentrations were more
than two times greater on the I-710 than on the 1-405
freeway. Very weak correlations were observed between
total particle number concentration and other vehicular
pollutants. This system is the first of its kind that is
specifically designed for clinical, environmental studies
that investigates the relationship between measures of
gas- and particle-phase exposures and short term health
response during freeway travel.

Copyright © 2007 by the American Association for Aerosol Research (AAAR).
AAAR hereby grants contributing authors full rights to use of their own abstracts.



2007 AAAR Annual Conference Abstracts

28.2

An Aerosol-Unmanned Aerial Vehicle System for Mesoscale
Studies. MEILU HE, Suresh Dhaniyala, Pier Marzocca,
Clarkson University.

An instrumented Unmanned Aerial Vehicle (UAV),
called the aerosol-UAV (aUAV) is being developed for
remote measurements at mesoscale ranges. The aUAV
will be deployed near urban areas for particles
measurements. Accordingly, the measurement platform
consists of: 1) a battery-operated condensation particle
counter (CPC; TSI 3007) for total number concentration
measurements of particles larger than 10 nm; ii) an
aerosol optical spectrometer (Grimm 1.109) for sizing
particles larger than 250 nm; iii) a battery-operated PAH
sensor (PAS2000CE); iv) a total surface area monitor
(DC2000CE); and v) the airborne-Miniature Electrical
Acrosol Spectrometer (aMEAS) a newly developed
ultrafine particle size distribution measurements system.
The aMEAS is light-weight, passive, condenser-type
electrical mobility analyzer that can provide real-time size
distribution measurements using electrometers for particle
detection. The aMEAS is built on the development of the
MEAS (Ranjan and Dhaniyala, 2007). A low-noise,
compact, battery-powered, fast-response, high-sensitivity
electrometer has been developed for aMEAS operation.
Preliminary results suggest that the electrometer response-
time and sensitivity are comparable to that of the
commercial Keithley 6514 electrometer. The
electrometer is designed to handle current spikes
generated by varying high voltages, thus making it
applicable for scanning mobility applications with
aMEAS. A completely guarded chamber is designed to
reduce the noise in the system. The aMEAS and
electrometer design, and preliminary aUAV
measurements will be presented.

Instrumentation

28.3

Evaluation of the Thermo DR-4000 on Ambient Air Under
Different Operating Conditions. GEORGE ALLEN,
NESCAUM,; Peter Babich, CT-DEP.

There are several portable methods available for
continuous measurement of ambient PM2.5, most of them
based on nephelometery. However it is widely
recognized that the measurement accuracy of these
methods can vary by a factor of up to 3 or more due to
several factors. In this presentation, we evaluate the
response of the Thermo DR-4000 (dataRAM 4) on
ambient air. Monitoring was done in a small town in
central CT during the winter and spring of 2007, in
conjunction with an intensive study by CT-DEP on the
contribution of woodsmoke to ambient PM2.5 (http://
tinyurl.com/3dyoep). The DR-4000 was run with its
PM2.5 inlet in two modes: size correction on and off.
While in theory better data would be expected to be
obtained with size correction on, Thermo recommends
that it not be used (RH correction was on for these tests
but RH was low enough that it is not a significant factor).
Existing test data (primarily from the forest service) is
inconclusive on this issue and is mostly limited to very
fresh woodsmoke aerosol from laboratory burns with size
correction on. The test site for this work has moderate
cold weather impact from local woodsmoke, substantial
contribution from regionally transported aerosols,
measurements to detect when woodsmoke is present in
real-time, and both FRM and FDMS-TEOM PM2.5
measurements. We stratify the DR-4000 data into
woodsmoke and non-woodsmoke dominated hours and
also by size correction on or off to evaluate the
instrument's response relative to FRM-like data in each of
these four modes.
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2S.4

Hourly Size-Segregated Trace Element Measurements in
Ambient Air Using Synchrotron X-Ray Fluorescence
Spectrometry. NICOLAS BUKOWIECKI, Peter Lienemann,
Christoph N. Zwicky, Renato Figi, Matthias Hill, Robert Gehrig,
Empa - Materials Science and Technology; Markus Furger, Urs
Baltensperger, Paul Scherrer Institut; Daniel Grolimund, Markus
Willimann, Swiss Light Source at Paul Scherrer Institut; Gerald
Falkenberg, Hamburger Synchrotronstrahlungslabor at
Deutsches Elektronensynchrotron.

Trace elements are ubiquitous in ambient air and are subject to
ongoing research on possible adverse health effects.
Additionally, trace element detection in the sense of fingerprint
analysis of different sources has become important in the last
years. Elemental fingerprints help to identify different sources in
the complex ambient air mix and are enhanced by analytical
techniques with high sensitivity. Recently, a synchrotron
radiation X-ray fluorescence spectrometry (SR-XRF)
application has been optimized and adapted for the
determination of hourly trace element concentrations near
emission sources. A three-stage rotating drum impactor (RDI)
collects ambient aerosol in 3 size ranges (2.5-10, 1-2.5 and 0.1-1
micrometers) on slitted substrate holder wheels. A greased
polypropylene film with 6 micrometer thickness is used as
substrate. The sampling time resolution, achieved by stepwise
rotation of the wheels, is adjustable and usually set to 1 hour.
The hourly aerosol samples show a bar-code like deposition
pattern, determined by the nozzle dimensions of the impactor
stages (width 0.3-1.5 mm, height 10 mm). During the
subsequent SR-XRF measurements, the aerosol loaded RDI
samples (1-100 micrograms total aerosol mass) are scanned step
by step by a focused synchrotron X-ray beam less than 500
micrometers in diameter. According to the trace elements of
interest,a  whitebeam (polychromatic beam) or monoenergetic
X-ray beam with an energy between 7 and 50 keV is used. The
fluorescence count accumulation interval per individual sample
spot is usually 15-30 s. Absolute calibration of the measured
XREF spectral data is performed by external calibration (TXRF,
ICP-OES) of homogenous standard samples prepared with an
ink jet printer. The detection limits achieved with our SR-XRF
procedure is element dependent and lies in the range of pg/m3 .
This represents a strikingly higher sensitivity compared to
laboratory based XRF methods. The average uncertainty of
measurement for the elemental ambient concentrations is around
10 percent. The method has successfully been applied for the
characterization of railway emissions and is currently used in a
research project aimed at quantifying emission factors for
abrasion particles from road traffic. Given the importance of
particle emissions from diffuse sources we anticipate a wide
range of other applications.

Instrumentation

28.5

Contribution of biomass burning to organic carbon in fine
particles in Helsinki, Finland. Karri Saarnio, Sanna
Saarikoski, Anna Frey, Hilkka Timonen, Minna Aurela, Timo
Makela, MARKUS SILLANPAA, Risto Hillamo, Finnish
Meteorological Institute.

The contribution of biomass burning to organic carbon
(OC) concentrations of fine particles was studied in
Helsinki, Finland from December 2005 to March 2007. A
total of 302 PM, filter samples were collected at an urban

background station. From the filters OC was determined
by thermal-optical method and monosaccharide
anhydrides (MA; levoglucosan, mannosan and
galactosan) were analyzed by using a liquid
chromatography mass spectrometry (LC-MS). MA was
used as a tracer for biomass burning. There are two
different sources of fine particles from biomass burning in
Helsinki: small-scale residential heating using wood in
wintertime and wildfires in other seasons. Particulate
emissions from a masonry heater were studied in
laboratory to obtain the OC-to-MA ratio that was used to
estimate the contribution of wood combustion in
residential heating to OC. In Helsinki MA concentration
in ambient air varied in the range of 0.03-0.3 microgram/
m’ during winter but remained under 0.03 microgram/m’
in summertime excluding the wildfire episodes. The OC
concentration was between 0.33 and 7.5 microgram/m’
with no clear seasonal variation. OC from wood
combustion in residential heating was estimated to
contribute 30-80% to OC during the cold season. Besides
small-scale combustion, also long-range transport of fine
particulate matter from wildfires affect occasionally
significantly the particulate OC levels in Finland. In 2006
two major pollution episodes caused by long-range
transported wildfires were detected. During these
episodes, the MA concentration increased up to 0.6
microgram/m’, OC concentration up to 16 microgram/m’,
and the contribution of biomass burning to OC up to 30
-40%. The results of this study show that small-scale
wood combustion is a significant source of particulate OC
in Helsinki in cold season. During other seasons when
residential heating is not elevating the fine particle
concentrations, the biomass burning in wildfires affect the
particulate matter concentrations occasionally.
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3C.1

Single Scatter Albedo Monitor For Airborne Particulates.
Paul L. Kebabian, Timothy B. Onasch and ANDREW
FREEDMAN, Aerodyne Research, Inc.

We describe an instrument that simultaneously
incorporates measurements of both airborne particle
extinction and scattering coefficients and thus single
scatter albedo. Based on a cavity enhanced detection
technique, cavity attenuated phase shift spectroscopy, the
sensor, which detects optical extinction and scattering
within a 20 nm bandpass band centered at 440 nm,
comprises a blue light emitting diode (LED), an enclosed
measurement cell (25 cm in length) incorporating a
resonant optical cavity of near-confocal design (which
provides a pathlength of ~ 1km) and a vacuum photodiode
to detect extinction and a photomultiplier tube to detect
scattering. An extinction coefficient noise floor of
approximately 0.3 Mm-1 with 60 seconds integration time
was established measuring Rayleigh scattering of
nitrogen. In order to minimize the possibility of
measurement bias as a function of particle size, the optical
cavity is enclosed in an integrating volume, ensuring
reasonably efficient collection of scattered light from all
angles. To verify this, simultaneous measurements of
extinction and scattering using polystyrene latex (PSL)
particles of diameters ranging from 0.1 to 8 micro-meter
were performed. The results indicated that the monitor
response to scattering as a function of particle size is flat
from 0.1 to 2 micro-meter and falls off to 75% of full
response at 8 m. Extensive modeling indicates that this
performance is likely limited by the relatively crude
construction of the integrating volume and can readily be
improved. The data also indicate that the particle albedo
can be measured with a precision on the order of +/- 0.03
with 60 seconds integration at total extinction levels of
only 100 Mm-1.

Instrumentation

3C.2

Photophoretic Velocimetry for the Characterization of
Aerosols. REINHARD NIESSNER, Carsten Kykal, Christoph
Haisch, Technical University of Munich.

Photophoresis (PP), first shown by Ehrenhaft [1912],
denotes the phenomenon that small particles suspended in
gas (aerosols) start migrating when illuminated by an
intense beam of light. Indirect PP is a result of local
heating of a particle and the surrounding gas. In
consequence, the molecular collisions rate is statistically
higher rate from the heated side of the particle than from
the not irradiated side which results in a net force.

The experimental system essentially consists of a flow
cell with rectangular cross section where the aerosol is
pumped through in vertical direction at atmospheric
pressure. Two different configurations were compared,
one where the laser beam and thus the PP force are
directed orthogonally to the acrosol flow and one where
the PP force and the gas flow counteract in opposite
directions. PP force in both cases is generated by a diode
laser, emitting at 806 nm. Migration of the particles is
observed by a CCD camera. From the image series the PP
velocities of every single particle is obtained by a special
particle tracking algorithm.

Experiments with polystyrene latex (PSL, 0.5 - 2.88 um)
verify the theoretically predicted correlation between the
particle size and the measured velocities induced by PP.
Also we found a linear correlation between laser power
and PP velocities for a given particle size. For PSL of the
same size but different colors specifiable velocities were
observed. The highest PP velocities were found for mono-
disperse soot particles with a very low thermal
conductivity. Our results with PP velocimetry allow for
the conclusion, that by superposing flow-generated force
and PP force the construction of a continuous separation
system is feasible.
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3C3

Soot Agglomerate Concentration and Size Instrument by
Two-Angle Light Scattering. DONALD HOLVE, Jessica
Chapman, Process Metrix, LLC.

There is continuing interest in developing a fast robust
method for measuring low concentration of black carbon
emissions from gas turbine and diesel engines. We have
developed an instrument based on laser light scattering
measurements at two angles. This method has been
configured in both sampling and in situ instruments for
measuring gas turbine engine exhausts up to 0.7m
diameter.

STAR (Scattering by Two Angle Ratio) is primarily a
total soot agglomerate mass measurement device, but also
measures the mass mean agglomerate diameter. From this
information, we can also compute the number of primary
particles within the soot agglomerates. We derive this
information from Rayleigh-Debye-Gans and Particle
Fractal Aggregate theories. We show that the
interpretation of the resulting mass and mean size is
insensitive to assumptions about the soot particle
distribution functions (log-normal or aggregate scaling
forms). We develop an explicit analytical formula that
relates the agglomerate mass concentration and mean size
(for particles larger than the primary particle size) to the
scattering signals at two angles, the primary particle (25
-35 nm) physical/optical properties, and the instrument
laser and geometry. The mean agglomerate size is given
by another invariant function of R90/30. Both functions
are independent of the detailed agglomerate size
distribution and combustion conditions for a variety of
engines. We have been able to use research literature
optical parameters without resorting to arbitrary
calibrations to determine the agglomerate mass
concentration and mean size.

The instrument response can be calibrated and verified in
place by measuring the Rayleigh scattering from clean
ambient air, and has a current lower concentration limit
capability of 10 microgram/m”"3. The STAR instruments
(in situ and sampling) have been tested and validated on a
wide range of diesel and gas turbine experiments,
performing comparisons with filter absorption, scanning
mobility, Method 5 filter samples, and smokenumber
measurements.

Instrumentation

3C4

Laser Induced Breakdown Spectroscopy with an aerosol
focusing device for elemental analysis of submicrometer
particles. GANGNAM CHO, Jihyun Kwak and Kihong Park,
Gwangju Institute of Science and Technology, Korea.

The Laser Induced Breakdown Spectroscopy (LIBS) with
an aerosol focusing system has been developed for
elemental analysis of submicrometer aerosol particles in
the ambient atmosphere. We focus on extending the
detection limit of particle size down to <300 nm and
challenge for detection of nanoparticles. With an aerosol
focusing system, the hitting efficiency of particles by
laser is expected to improve significantly. Our LIBS
system mainly consists of Nd:YAG laser (1064 nm, 650
ml/pulse, 10 Hz)(Surelite 11-10, Continuum Inc.),
broadband spectrometer which is able to acquire
emissions with the wavelength range of 200-980 nm
simultaneously (LIBS2000+, Ocean Optics Inc.), and
sampling chamber which was coupled with two types of
aerosol focusing devices. One is an aerodynamic lens
system (Liu et al., 1995) which was designed to focus
particles of 50-500 nm into the centerline of the flow
(based on the Aerodynamic Lens Calculator, Wang et al.,
2006), and another is a sheathed aerosol focusing nozzle
system. We generated submicron or nano aerosols by
using an Atomizer (TSI model 3079) or a furnace reactor,
and selected particles of a known size by a Differential
Mobility Analyzer (DMA, TSI model 3081). The size-
selected particles were sent to the LIBS chamber through
the aerosol focusing systems. Optimizations of laser pulse
energy, delay time, and focal volume inside chamber have
been carried out to increase the LIBS signal to noise ratio.
Change of pressure inside the chamber and use of
different carrier gases have been attempted to detect
particles as small as possible. The preliminary results for
the LIBS responses for the size-classified NaCl particles
will be presented.

Peng Liu, Pau J. Ziemann, David B. Kittelson, and Peter
H. McMurry (1995). Generating Particle Beams of
Controlled Dimensions and Divergence: 1. Theory of
Particle Motion in Aerodynamic Lenses and Nozzel
Expansions. Aerosol Science and Technology, 22, 293
-313.

Xiaoliang Wang and Peter H. McMurry (2006).
Instruction Manual for the Aerodynamic Lens Calculator.
Aerosol Science and Technology, 40, 1-10.
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3Cs5

Inertial Classification of Nanoparticles with Air Filters.
YOSHIO OTANI, Kazunobu Eryu, Takafumi SETO, Masami
Furuuchi, Kanazawa University; Naoko Tajima, Takaharu Kato,
Kanomax Japan Inc.

This paper proposes a new concept for the usage of air
filters, i.e., the utilization of air filters for the
classification of nanoparticles. Air filters can separate
nanoparticles by passing them through an air filter at a
high velocity, at which inertial collection of large
particles is enhanced while suppressing Brownian
diffusional deposition of small particles. In the present
work, the effects of filter structure such as fiber diameter,
packing density are experimentally investigated as well as
by numerical simulations for designing the inertial filter.
As aresult, (1) inertial filter utilizes inertial impaction of
particles in filter and the classification performance can
be predicted by the log penetration low and the single
fiber collection efficiency, (2) 50 % cutoff size is reduced
by increasing the filtration velocity and is predicted by
Stks,=1.

Inertial filter developed in the present work has a low
pressure drop compared to a low pressure impactor and
therefore the volatilization of volatile organic compounds
is suppressed during the sampling. Furthermore, it can
collect a large amount of atmospheric nanoparticles in a
short period of sampling time for subsequent various
chemical composition analyses.

Instrumentation

3C.6

Gentle Collection of an Airborne Virus with a Cyclone for
Online Detection with Flow Cytometry. DOUGLAS A.
ORSINI, Beijing Normal University; Kevin P. Rhoads, Kyle
McElhoney, Erin Schick, Siena College; Olga Hogrefe, State
University of New York at Albany

A miniature cyclone was designed to gently capture
ultrafine aerosols into a continuous liquid flow. The
geometry of the cyclone was designed so that the friction
of the turning air swirls a 100 micro-liter volume of water
at the base of the cone, creating a vortex of water which
coats the inside deposition surface. The collection
efficiency of the cyclone was characterized as a function
of insoluble particle size, both in stand-alone operation
and preceded by aerosol growth by water vapor
condensation. Two types of fluorescent aerosol standards
were used: fluorescent polystyrene latex beads (diameter
sizes (Dp) 30 - 3000 nano-meter) and one water soluble
ultrafine quantum dot zinc selenide aerosol (Dp 6.1 nano-
meter). Collected liquid samples were analyzed with a
fluorimeter. The cyclone collection efficiencies were
higher than 88% for the PSL diameter sizes Dp < 30
nanometer and dropped to 60% for the quantum dot test
aerosol.

The cyclone was also evaluated for its ability to collect an
airborne virus and detect it inline using flow cytometry.
The flow cytometer, which is commonly used for single
cell identification via fluorescence, was modified to
accept a continuous sample flow from the cyclone. A rod-
shaped plant virus (Tobamovirus, nominal Dp 30 x 300
nano-meter) and a protein-enveloped insect virus
(Baculovirus, nominal Dp 40 x nano-meter) were
aerosolized, grown by water vapor condensation,
collected by the cyclone, and stained inline using the
nucleic acid dyes SYBR Green I and SYTO-9 (Molecular
Probes, Inc.). A four minute incubation time for the stain
was sufficient to resolve the virus from the background
fluorescence. Environmental Scanning Electron
Microscopy was used to confirm the collection of single
virus particles and to evaluate the degree to which the
aerosolization or collection process affected the integrity
of the virus.
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4C.1

Understanding the interaction of an intense laser pulse with
nanoparticles: Application to the quantification of single
particle mass spectrometry. LEI ZHOU, Howard Milchberg,
Michael Zachariah University of Maryland; Kihong Park,
Gwangju Institute of Science and Technology, Korea.

Understanding the characteristic behavior of ions
produced from the interaction of a high energy laser pulse
with nanoparticles is essential for quantitative
determination of composition and size of nanoparticles
from single particle mass spectrometry (SPMS). We
employed a one-dimensional hydrodynamic model, where
the laser field is coupled to the non-equilibrium time-
dependent plasma hydrodynamics of the heated particles.
We focus on regimes of laser width from 0.01 ns to 10 ns
(532 nm wavelength, 100mJ/pulse) and particle size (20 -
400 nm in diameter) most relevant to commonly used
SPMS, and determine the properties of ions generated
during the interaction with a strong laser pulse. We
compare the simulation results with experiments
conducted on aluminum nanoparticles.

The laser-particle interaction is separated into a soft
heating regime followed by a hydrodynamic expansion.
Simulation results showed that the ablation/ionization is
effectively complete well before the laser ever reaches its
peak intensity. As the pulse width decreased for a given
pulse energy, the kinetic energy of ions increased,
suggesting that too short a pulse laser (i.e., high laser
intensity) would be undesirable because higher energetic
ions lead to lower detection efficiency in the SPMS.
Results also show that for particle sizes in the range of
100 nm ~ 400 nm, as particle size increased, the kinetic
energy of ions produced from the particle increased with a
power law relationship, consistent with experiment.
Lastly our simulations indicated that ions from the surface
of the particle are of higher energy, and therefore have
lower detection efficiency.

Instrumentation

4C.2

Development and Characterization of an Ion Trap Mass
Spectrometer for the On-line Chemical Analysis of Aerosol
Particles. ANDREAS KUERTEN, Max Planck Institute for
Chemistry (now a California Institute of Technology); Joachim
Curtius, Johannes Gutenberg University, Anneli Ehlerding,
Stephan Borrmann, Max Planck Institute for Chemistry;
Johannes Gutenberg University.

A novel Ion Trap Aerosol Mass Spectrometer (IT-AMS)
has been setup and characterized. With the IT-AMS the
chemical composition of the non-refractory component of
atmospheric aerosol particles can be measured
quantitatively and on-line. The instrument makes use of
the well-characterized aerosol inlet and evaporation/
ionization system of the Aerodyne Aerosol Mass
Spectrometer (AMS). While the AMS uses either a linear
quadrupole mass filter (Q-AMS) or a time-of-flight mass
spectrometer (ToF-AMS) as the mass analyzer, the IT-
AMS utilizes a three dimensional quadrupole ion trap.
This has the advantage that MS"-experiments can be
carried out for ion structure determination. The mass
analyzer has been designed and machined at the Max
Planck Institute for Chemistry in Mainz together with
major components of the electronics. Due to its compact
size the IT-AMS can be used as a field instrument. For
laboratory-generated polystyrene latex particles it has
been demonstrated that MS/MS-studies can be carried out
with a daughter/parent ion yield of < 60%. Furthermore, it
has been found that the mass resolving power reaches
values < 1500 for m/z 43 which is high enough to allow
the differentiation between C,H;0" (m/z 43.0184) and
C,H," (m/z 43.0548). Calibrations with laboratory-

generated aerosol particles indicate an excellent linear
relationship between signal response and aerosol mass
concentrations. The detection limits for particulate nitrate
and sulphate show that the IT-AMS is suitable to perform
atmospheric measurements which is supported by an
inter-comparison between the IT-AMS and a Q-AMS for
urban air. Additionally to the electron impact ion source
that is currently used, the installation of a VUV-lamp for
single photon-ionization is planned. This allows the study
of organic substances with less fragmentation. Within the
presentation a detailed description of the set-up of the IT-
AMS is given together with first experimental results
from chamber studies concerning the formation of
secondary organic aerosol.
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4C.3

Single Particle Mass Spectrometry of Aerosols Alternately
Ionized by Laser Desorption and Laser-Induced Plasma.
MELISSA S. REINARD, Murray V. Johnston, Unversity of
Delaware.

A Real-Time Single Particle Mass Spectrometer, RSMS
-3, has been modified to include laser-induced plasma as
an alternate ionization method for the analysis of ultra-
fine aerosols. RSMS-3 traditionally ionizes particles by
laser desorption with a 193 nm excimer laser which
outputs ~10 mJ. The addition of a 532 nm Nd:YAG laser
that can output ~200 mJ allows for complete ionization of
particles via a laser-induced plasma. With laser-induced
plasma, ~100% of the atoms in the particle are thought to
be ionized and there is no chemical composition
dependency. Laser desorption has a strong chemical
composition dependency and only about 0.1% of the
atoms and/or molecules in the particle are ionized.
However, when used in single particle mass spectrometry,
laser desorption has higher hit rates than laser-induced
plasma because the laser beam size is larger. Both
ionization methods can successfully ionize particles
ranging from 30nm to 200nm, which fits into the size
range of particles that are effectively transmitted into the
source region of RSMS-3. The instrument was designed
to easily switch between ionization methods, making it
possible to compare the data collected from different
ionization methods on the same aerosol sample. The
mass spectra obtained by laser desorption are often very
complex and contain lots of low molecular weight
fragment ions (for organic particles) or metal/metal oxide
ions (for inorganic particles). Laser-induced plasma
ionization gives the elemental composition but molecular
information is lost. Experiments will be discussed in
which the information gained on both laboratory
generated and ambient aerosols using each ionization
method are compared.

Instrumentation

4C4

Single Particle Characterization using a Light Scattering
Module Coupled to a Time-of-Flight Aerosol Mass
Spectrometer. EBEN CROSS, Paul Davidovits, Boston
College; Joel Kimmel, CIRES, University of Colorado and
Aerodyne Research Inc; Xiao-Ying Yu, Lizabeth Alexander,
Pacific Northwest National Laboratory; Timothy Onasch, Doug
Worsnop, Aerodyne Research Inc.

To extend the capability of the Aerodyne Aerosol Mass
Spectrometer (AMS) a light scattering module (LS) has
been developed and incorporated into the AMS (now
called LS-AMS). With the LS-AMS the magnitude of the
scattered light signal (which provides an optical diameter
via calibration) and vacuum aerodynamic diameter are
determined for every particle (refractory and non-
refractory) with a size greater than the light scattering
detection limit (~180 nm). The combination of the optical
and aerodynamic diameters provides a measure of an
effective particle density allowing an investigation of the
mixing state of ambient aerosol particle distributions.

Recently, the quadrupole mass spectrometer has been
replaced by a time-of-flight mass spectrometer which can
provide the complete mass spectrum for each single
particle event. Thus the ToF-AMS can quantitatively
measure single particle chemical composition for ambient
aerosol particles.

With the addition of the light scattering module to the
ToF-AMS (LS-ToF-AMS) the scattered light signals are
used to trigger the saving of single particle mass spectra,
enabling a more efficient operation of the AMS as a
single particle detector. The combination of optically-
derived and chemically-derived diameters and densities
are used to differentiate between internal and external
mixtures of aerosol particles. The module also provides
insight into the collection and detection efficiencies of the
ToF-AMS. The LS-ToF-AMS instrument is operated in
an alternating mode that allows for the sampling of
average particle composition (MS mode), size-resolved
composition (PToF mode), and true single particle
detection (LS-BFSP mode). Measured single particle
physical and chemical properties will be presented in the
context of the location, meteorology, and bulk aerosol
information obtained by the LS-ToF-AMS instrument at
the DOE T1 site downwind of Mexico City.
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4C.5 4C.6

TBA Elemental Analysis of Organic Species with Electron Impact
High Resolution Mass Spectrometry. ALLISON C. AIKEN,
Peter F. DeCarlo, Jose L. Jimenez, University of Colorado at
Boulder.

We present a new elemental analysis (EA) technique for
organic aerosols that allows fast on-line analysis (10
seconds) and reduces the required sample size to ~1 ng,
several orders of magnitude over standard techniques, and
can be performed for mixed organic/inorganic aerosols.
Our EA technique is based on the analysis of spectra from
the Aerodyne High-Resolution Time-of-Flight Aerosol
Mass Spectrometer (HR-ToF-AMS; DeCarlo et al., 2006),
using electron ionization (EI). The total ion current of
various ions (e.g. C,H,", C,H,0,, CHN,", C.HN,0,") is
directly quantified and apportioned to the elements
present to produce ion elemental ratios. Elemental ratios
of total organics such as the oxygen/carbon (O/C),
hydrogen/carbon (H/C), and nitrogen/carbon (N/C) can be
determined. The organic mass to organic carbon ratio
(OM/OC) can also be estimated. There is a potential for
chemical biases in the method due to chemical influences
during ion fragmentation processes, which could lead to
the underestimation of electronegative elements such as
Oxygen. We apply the method to standard EI data using
21 compounds from the NIST database, which shows that
the method has the potential for elemental quantification
and does not have a dominant influence from variable
chemical biases. EA is evaluated and calibrated using 39
laboratory standards sampled with the HR-ToF-AMS.
Standards include alcohols, aldehydes, amines,
anhydrides, carboxylic acids, esters, hydrocarbons,
organic nitrites, peroxides, polyaromatic hydrocarbons
(PAHs), and pyridine derivatives. Species were chosen
based on relevance to atmospheric organic aerosols, both
primary (POA) and secondary (SOA). EA is applied to a
fulvic acid standard (a complex mixture with chemical
functionality similar to ambient oxygenated aerosols),
yielding a good comparison with the published elemental
composition. Finally, analysis of ambient aerosols
measured from aircraft demonstrates the very high time
resolution achievable for this technique. EA should also
be applicable to other EI MS data as from GC-MS
instruments.
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5C.1

Development of an Aerosol Cascade Impactor Interactive
Design Tool. SCOT WAYE, Steven Biegalski, Ofodike
Ezekoye, The University of Texas at Austin.

The development of an interactive design tool for aerosol
inertial cascade impactors stages is described. Theory
found in literature with accompanying equations and
parameters are implemented in the program, allowing for
flexibility in designing an impactor stage. The easy to use
graphic user interface (GUI) allows for various design
issues to be addressed. The option of designing a stage
using either round nozzles or rectangular slits is available.
The geometry of the nozzle(s) to collect a desired particle
diameter may be calculated. The inverse problem of
finding the cutoff particle diameter obtained for a given
geometry is also available. Flow parameters such as
Reynolds number, flow rate, inlet pressure, and gas
properties may be varied. The values obtained with the
calculator are benchmarked to various documented
studies for comparison. With this design tool or stage
calculator, an initial design of an impactor stage is easily
and quickly accomplished.

Instrumentation

5C.2

A New Short Wind Tunnel with Large Test Section for
Aerosol Inlet Evaluation. VIRGIL MARPLE, Bernard Olson,
University of Minnesota.

A new, and unique, wind tunnel has been developed for
the evaluation of inlets that sample aerosols, vapors or
gases. It consists of a pre-filter, flow straightener, aerosol
delivery wand, test section, charcoal filter (optional),
filter, and blower. The wind tunnel has a rather large
cross sectional area at the test section of approximately 1
m wide by 1/2 m high and yet is only about 3 m long.
The wind speed range is from 5 km/h to 30 km/h but can
be increased by using a larger blower. The wind tunnel
can be used to deliver vapors or gases, as well as aerosols,
depending upon the generator used.

The most important feature of this wind tunnel is the
method that ensures a uniform distribution of particles
over the sampler inlet at the test section of the tunnel.
This is accomplished by delivering the aerosol into the
tunnel through a delivery tube, or wand, which is
connected to an X-Y table. The X-Y table, which is
computer controlled, moves the output wand to trace out a
path covering the area encompassing the sampler inlet.
Assuming the generator outlet concentration is constant
with time, the aerosol delivery system provides time-
integrated uniform concentrations over the sampler inlet
cross-section. The area encompassing the inlet is
essentially "painted" with the challenge aerosol stream.
As long as the X-Y table goes through a discrete number
of complete cycles, a uniform coverage over the inlet is
assured. Since the moving source ensures that any inlet is
exposed to a uniform distribution of challenge aerosols,
the tunnel is much shorter in length than a conventional
wind tunnel that relies upon baffles to mix the aerosol into
the wind tunnel air stream before the mixture enters the
test section.
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5C.3

Design and Development of Wide Range Impactor Particle
Sampler: Part II: Large particle concentrator (Two-stage
Virtual Impactor). SANG-RIN LEE, Suresh Dhaniyala, and
Thomas M Holsen, Clarkson University.

There are not many reports on large ambient particles
since few effective large particle samplers exist. The
objective of this study is to develop a Wide Range
Impactor Particle Sampler (WRIPS) which can enable
large particle sampling under various wind conditions.
During the initial stages of this study, a novel large
particle inlet (LPI) was developed and evaluated through
CFD modeling and wind tunnel tests. The inlet efficiency
was found to be ~ 40% for 50micro-meter particles at
high wind speeds (7 m/s). For sampling large particles,
the LPI requires at a high flowrate of 1400LPM. For
effective size-segregated sample analysis, the particles

must first be concentrated into a smaller flow (~ 25 LPM).

A two stage virtual impactor (VI) is designed to reduce
the sample flowrate and concentrate large particles. The
1st stage reduces the sample flowrate to 140 Lpm and the
2nd stage reduces it further to 25 Lpm. Effective virtual
impaction of particles down to 10 micro-meter in size into
a low flowrate requires the 2nd stage virtual impactor exit
diameter to be small (~ 0.2 cm). The direct contraction
from larger diameter required for the first stage (3 cm) to
the smaller diameter for the second stage (0.2 cm) would
result in significant loss of large particles. Therefore, a
expansion-contraction technique is followed. In this
technique, the VI channel between the first and second
stages is gradually expanded by 7 degrees full angle to
smoothly decrease particle velocity and then the channel
is gradually contracted down to 0.2cm diameter. This
design ensures large particle transport to the second stage
impactor with minimal wall loss.

The collection curve of the combined LPI and the two
stage virtual impactor is seen to be much sharper that that
of existing virtual impactors. The details of the virtual
impactor design and the collection characteristics will be
presented.

Instrumentation

5C4

An Evaluation of the Sample Inlet Probes used in
Characterizing Gas Turbine Engine Particle Emissions.
BRUCE E. ANDERSON, NASA Langley Research Center;
Eddie L. Winstead, K. Lee Thornhill, Science Systems and
Applications Inc.; David S. Liscinsky, United Technologies
Research Center; Anuj Bhargava, Pratt and Whitney; Chowen C.
Wey, NASA Glenn Research Center; Don Hagen, Ben Baker,
Phil Whitefield, University of Missouri at Rolla; Richard C.
Miake-Lye, Aerodyne Research Inc.; Robert Howard, AEDC/
ATA.

Detailed information on the size, composition, and
concentration of particles emitted by gas turbine engines
is needed to assess the environmental effects of aircraft
and to develop the capability of predicting how changes
in airport capacity, flight routes and technology will
impact air quality and human health in and around
airports. Results from tests conducted to gather such data
indicate that the observed concentrations and physical
characteristic of particles emitted by aircraft are highly
sensitive to the method used to collect and deliver the
samples to instruments located a safe distance from the
engine exit plane. To evaluate these sampling effects and
help develop standardized emission measurement
methodology, NASA has sponsored recent experiments to
determine the transmission efficiency of sampling system
components as well as the efficacy of a variety of aerosol
measurement techniques. This talk reports results from
the gas and aerosol inlet probes efficiency tests.

These tests were conducted at the NASA Langley and
Glenn Research Centers during 2006 and included
laboratory assessments using monodisperse salt particles
and field evaluations using gas turbine engine particle
emissions produced by a ground-support vehicle and the
NASA Glenn Learjet. Tested probes included un-cooled
and water-cooled "gas" inlet probes of the type used for
engine emission certification; uncooled and water-cooled
"aerosol" inlet probes designed to introduce dilution air to
the sample stream very near the inlet tip to prevent
condensation and particle coagulation; and simple tubes
with small orifices drilled in their upstream sides to
collect sample air and rapidly mix it with a large excess of
particle-free dilution air. The concentration-, size-, and
mass-dependent transmission efficiencies of the probes as
functions of sample and dilution gas flow rates; exhaust
gas velocity and temperature; and probe cooling will be
presented and discussed.
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5C.5

The Emory Concentrator: Laboratory Characterization of
an Economical and Compact Aerosol Concentrator Suitable
for Human Exposure Experiments. ROBY GREENWALD,
W. Gerald Teague, Emory University.

Recent investigations into the health effects of ambient
aerosols have established the utility of controlled human
exposures. Furthermore, the collective body of evidence
has demonstrated the existence of health effects over a
wide range of particle sizes. Although the need for
continued investigation of human aerosol exposure is
clear, significant impediments to the expansion of health-
related aerosol research are the high cost and degree of
expertise required to purchase and operate aerosol
concentrators. To address these concerns, we have
developed a simple and economical aerosol concentrator.
To be suitable for realistic human exposures, this
concentrator is subject to the following design constraints:
the device must operate at a flow rate sufficient for human
ventilation, it must induce only a minimal pressure drop
in the exposure chamber, and it must be able to
concentrate ultrafine, fine and coarse mode aerosols. The
method we have selected for increasing particle
concentration is to harvest the minor flow from a modular
system of virtual impactors (VI). Each size mode is
concentrated independently. Coarse mode particles are
concentrated using a module of four parallel VI (4VI)
sharing a central exhaust. Each VI is designed to produce
a 1.0 micro-meter cut-size when operated with a major
flow of 40 I min'1 and a minor flow of 4 I min'l. Fine
mode particles are concentrated by first removing coarse
mode particles using a 1.0 micro-meter cut-size inline
impactor and then growing them using a saturation/
condensation system. These enlarged particles are then
passed through a 4VI and are subsequently dried using a
silica-gel diffusion dryer. The process for ultrafine
particles is similar with the substitution of a 0.3 micro-
meter cut-size inline impactor. The use of a modular
design constructed from off-the-shelf components
whenever possible has resulted in a simple-to-use aerosol
concentrator with a total cost of <$10K.

Instrumentation

5C.6

Application of a particle concentrator and electrostatic
precipitator for direct in vitro exposure of cells to aerosol
particles. MARKUS SILLANPAA Michael Geller, Harish
Phuleria, Subhasis Biswas and Constantinos Sioutas, University
of Southern California; 2Finnish Meteorological Institute,
Helsinki, Finland

Various epidemiological studies have shown a consistent
association between particulate matter (PM) and mortality
and morbidity, particularly among cardiorespiratory
patients. However, causal characteristic(s) of PM and
specific biological mechanisms that are responsible for
the adverse health effects are not well understood. This is
in part due to the inconsistency between the methods of
ambient PM sampling. To this end, recent toxicological
studies are focusing on methods to expose living cells to
real time particles without collection on filter media. This
work presents a new sampling system to collect ambient
particles for in-vitro studies. The sampler consists of two
units: first the aerosol particles are concentrated in a
Versatile Aerosol Concentration Enrichment System
(VACES), and then they are drawn through an
electrostatic precipitator (ESP). The particle sample is
collected on Petri dishes that contain biological cells. The
VACES allows the tests to take place on short time
intervals that favor cell viability and exposure
characterization. The collection efficiency of the ESP has
been tested in a laboratory by generating monodispersed
polystyrene latex particles and polydispersed particles
(ammonium sulphate, ammonium nitrate, glutaric acid).
The sampler has been evaluated under different pre-
charging and field intensities (0-15 kV) for a sampling
flow range (2.6-5.0 /min). Finally, the favorable
sampling condition determined in the laboratory will be
tested in field to find the performance of the sampler in
outdoor environments. The preliminary laboratory tests
showed that the collection efficiency varies in the range
40-90 % under different conditions. Due to the longer
residence time of particles in the ESP, the low sampling
flow rate results in the highest collection efficiency. The
optimized sampling system will be a highly useful device
to perform hourly direct, solvent-free PM collections for
toxicological studies.
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7C.1

Evaluation of TSI 3068B Aerosol Electrometer and 3790
Engine Exhaust CPC. XIAOLIANG WANG, Rob Caldow,
Gilmore J. Sem, TSI Inc.; Hiromu Sakurai, National Institute of
Advanced Industrial Science and Technology (AIST); Naoya
Hama, Tokyo Dylec Corp.

Due to health concerns of ultrafine particles, the Particle
Measurement Program (PMP) has recommended that a
condensation particle counter (CPC) be used to measure
the number of particles per kilometer emitted by light-
duty diesel engines for compliance with European testing
regulations. PMP has established requirements for CPC
counting efficiency and concentration linearity. PMP also
requires that the CPC must be calibrated against an
aerosol electrometer (AE) using electrostatically
classified particles or against another CPC that has been
calibrated against an AE.

Several organizations including the Japanese National
Institute of Advanced Industrial Science and Technology
(AIST) and the International Organization for
Standardization are working diligently to establish
standard procedures for CPC calibration.

TSI has recently launched the Model 3010D and Model
3790 Engine Exhaust CPCs (EECPC) that meet proposed
PMP requirements. A workshop was organized by TSI,
AIST, and Tokyo Dylec in February 2007 to calibrate TSI
EECPC:s following the procedure being developed at
AIST. This paper reports some results from this
workshop.

We first compared the size-dependent detection efficiency
and concentration linearity of the TSI 3068A, 3068B, and
AIST AEs. We found that the 3068B detected ~2% higher
concentration than the 3068A for 60 nm particles. The
concentration difference was larger for smaller sizes. The
3068B measured concentration agreed well with the AIST
AE.

Three CPCs (Models 3010D, 3790 and 3772) were
calibrated simultaneously against the same 3068B AE that
had been compared with the AIST AE. Size-dependent
detection efficiency, linearity, and material dependence of
detection efficiency were measured. We found that CPC
counting efficiency is dependent on aerosol materials.
Among the materials tested, the minimum detectable size
was smallest for emery oil, and largest for salt, with PSL,
silver oxide, and sucrose in between. We concluded that
the test aerosol material must be specified in any CPC
calibration procedure.

Instrumentation

7C.2
Analysis of transfer functions of scanning DMA. DUBEY
PRANEY, Dhaniyala Suresh, Clarkson University.

To operate the DMA for sizing particles over a wide
range of mobilities over a short time, the DMA
exponential voltage scanning technique was introduced by
Wang and Flagan (1990). Critical to the accuracy of the
size distribution measurements with the scanning DMA is
the accurate knowledge of the system transfer function.
For non-diffusive particles, the transfer function of a
DMA operating in a static mode (constant voltage) has
been obtained by Knutson and Whitby (1975). This
transfer function has been largely used even of the
scanning DMA, though recently Collins et al (2004) used
Monte Carlo simulations to show that the scanning DMA
transfer functions were strongly dependent on the ratio of
residence time to scan time.

Here, we present a new approach to obtain non-
diffusive transfer functions for the scanning mode DMA
operation. The particle equation of motion is solved for
the scanning DMA and used in single particle trajectory
calculation to obtain an arrival time function for selected
particle mobility. The arrival time function is defined as
the probability of particles of a selected mobility being at
the sampling port entrance at an instant of time for
uniform, continuous entrance into the classification
region. Using the relationship between voltage and time,
the arrival time function can be converted to the DMA
transfer function. With this approach, the scanning
transfer functions can be obtained in near real-time. The
calculations suggest that the transfer functions are
mobility-dependent (unlike for static DMAs) in some
cases. Also, for selected flow operating conditions, the
sizing range of the SMPS is dependent on the scan times.
Collins et al., (2004) Aerosol Science and Technology.
38:833-850
Knutson and Whitby, Journal of Aerosol Science, Volume
443-451,1975a.

Wang, and Flagan, Aerosol Science and Technology,
13:230-240, 1990.
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7C.3

Scanning Mobility CCN Analysis - A new method for fast
measurements of size-resolved CCN activity and growth
Kinetics. Athanasios Nenes, JEESSY MEDINA, Georgia
Institute of Technology.

We present Scanning Mobility CCN Analysis (SMCA), a
new method for obtaining fast measurements of size-
resolved cloud condensation nucleus (CCN) activity and
growth kinetics. SMCA involves coupling a CCN counter
with the monodisperse outlet stream of a Scanning
Mobility Particle Sizer (SMPS). By applying the same
inversion algorithm as used for obtaining size
distributions, CCN activity and droplet growth kinetics
are obtained as a function of mobility size over the
timescale of a SMPS scan. This greatly reduces the
timescale for obtaining CCN activation spectra and
substantially expands the usefulness and applicability of
CCN measurements. The performance of SMCA is
evaluated for a variety of activation activation
experiments using laboratory-generated aerosol as well as
for in-situ aerosol sampled in Atlanta and the NEAQS-
ITCT2K4 field campaign.

Instrumentation

7C.4

Application Of A Diffusion Charger For The Measurement
Of Particle Surface Concentration In Different
Environments. Leonidas Ntziachristos, ANDREA POLIDORI,
Harish Phuleria, Michael Geller and Constantinos Sioutas,
University of Southern California.

Particle surface area has recently been considered as a
possible metric in an attempt to correlate particle
characteristics with health effects. In order to provide
input to such studies, two Nanoparticle Surface Area
Monitors (NSAMs, TSI, Inc.) were deployed in different
urban sites within Los Angeles to measure the
concentration levels and the diurnal profiles of the surface
area of ambient particles. The NSAM principle of
operation is based on the unipolar diffusion charging of
atmospheric particles. Results show that the surface area
concentration decreases from ~150 micro-meter S*2 cm
SA(-3) next to a freeway to ~100 micro-meter S*2 cm S*
(-3) at 100 m downwind of the freeway, and levels
decline to 50-70 micro-meter S*2 cm S”(-3) at urban
background sites. Up to 51% and 30% of the total surface
area corresponded to particles <40 nm next to the freeway
and at an urban background site, respectively. The NSAM
signal was well correlated with a reconstructed surface
concentration based on the particle number size
distribution measured with collocated Scanning Mobility
Particle Sizers (SMPSs, TSI, Inc.). In addition, the mean
surface diameter calculated by combination of the NSAM
and the total particle number concentration measured by a
Condensation Particle Counter (CPC, TSI, Inc.) was in
reasonable agreement with the arithmetic mean SMPS
diameter, especially at the urban site. This study
corroborates earlier findings on the application of
diffusion chargers for ambient particle monitoring by
demonstrating that they can be effectively used to monitor
the particle surface concentration, or combined with a
CPC to derive the mean surface diameter with high
temporal resolution.
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7C.5

Rapid Measurements of Aerosol Size Distributions Using a
Fast Integrated Mobility Spectrometer. JASON OLFERT,
Brookhaven National Laboratory; Pramod Kulkarni, National
Institute for Occupational Safety and Health; Jian Wang,
Brookhaven National Laboratory.

Measurements of aerosol size distributions with a time
resolution of 1 Hz were carried out using a recently
developed Fast Integrated Mobility Spectrometer (FIMS).
The FIMS is capable of measuring sub-micrometer
aerosol size distributions with high time resolution, size
resolution, and counting statistics. These attributes make
the FIMS an ideal instrument both for aircraft-based
measurements and for studies of rapidly changing aerosol
populations.

The FIMS consists of a classifier, condenser, and
detector. Inside the classifier, under the influence of an
electric field, charged particles are separated into different
flow streams based on their electrical mobility. The
classified particles are then carried by a butanol-saturated
sheath flow into the condenser, where a supersaturation of
butanol is generated through electrical cooling and the
classified particles grow into super-micrometer droplets.
At the exit of the condenser, a laser sheet illuminates the
grown droplets, and their images are captured by a high-
speed CCD camera. The images provide not only the
particle concentration, but also the particle position,
which directly relates to the particle electrical mobility.
By simultaneously measuring particles of different sizes/
mobilities, the FIMS can provide full size spectrums of
submicron aerosol at a time resolution of 1 Hz, nearly 100
times faster than traditional SMPS systems. Since the
individual particle and its position are detected optically
using the high resolution CCD camera, the FIMS also
offers high size resolution and counting statistics. High
time resolution size distributions were derived from FIMS
measurements using a newly developed data inversion
routine. The routine employs the Twomey inversion
method and takes into consideration multiple charging of
particles and the differences in particle residence times
inside the FIMS. The performances of the FIMS,
including its time resolution and sizing accuracy, were
characterized under a variety of conditions using both
atmospheric aerosols and laboratory generated aerosols.

Instrumentation

9C.1

Comparison of the effects of two cluster analysis methods on
aerosol time of flight mass spectrometry data. Weixiang
Zhao, University of California, Davis; PHILIP K. HOPKE,
Clarkson University; Kimberly A. Prather, University of
California, San Diego.

Ambient particles have been shown to be adverse to both
environmental quality and human health. It is becoming
more and more urgent to correctly identify the origins of
ambient particles. Aerosol time of flight mass
spectrometry is a novel and effective aerosol analysis
technique. Single aerosol particle mass spectrometry
data produced by this instrument have been widely
employed for aerosol classification through various
cluster analysis methods. ART-2a, a type of adaptive
resonance theory based neural networks, is a popular tool
for the cluster analysis of single particles. Recently
density based spatial clustering of application with noise
(DBSCAN), a cluster analysis method based on territory
expansion, was introduced to this field. In this study, a
set of benchmark mass spectrometry data (i.e., with a
priori known class indexes) of the ambient aerosols from
six sources (gasoline, diesel, biomass burning, coal
combustion, sea salt and soil dust) are employed to
investigate the effectiveness of these two cluster analysis
methods on ambient particle classification. The results of
this study will help us find the advantages/disadvantages
of each method and provide directions for future work on
ambient aerosol cluster analysis.
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9C.2

Detection Limit Improvements of a Thermal Desorption
Aerosol Gas Chromatograph Mass Spectrometer (TAG).
NATHAN M. KREISBERG, Susanne V. Hering, Aerosol
Dynamics Inc; Brent J. Williams, David R. Worton, Allen H.
Goldstein, University of California at Berkeley.

The Thermal desorption Aerosol Gas chromatograph
mass spectrometer (TAG) is a recently developed
instrument for the in-situ, hourly measurement of the
concentration of organic compounds in ambient aerosols.
PM, ; aerosol is collected via humidified impaction, and
thermally desorbed onto the head of a gas
chromatographic column for traditional GS-MS analyses.
TAG is highly suited for a range of non- and low polar
compounds, and is capable of monitoring a wide range of
organic species of both anthropogenic and biogenic origin
as well as oxygenated species resulting from secondary
formation processes. The higher time resolution of TAG
as compared to filter based methods lends itself to
statistical analyses and theoretical modeling. Achieving
quantifiable levels of analytes with short sampling
periods, however, poses significant challenges to even the
most sensitive of detectors like mass spectrometers.

Three recent advances have improved the detection limits
of TAG. (1) Operating the quadrupole mass spectrometer
in selective ion monitoring mode while restricting
analyses to a set of identified marker compounds
increases analytical sensitivities by as much as two orders
of magnitude. (2) Incorporation of a water
condensational growth pre-conditioner ahead of the
impaction collection cell has enhanced the capture of sub
-100 nm aerosols. (3) Redesign of transfer lines between
the collection cell and chromatographic column has
improved the transfer efficiency for less volatile
compounds that extend measurements beyond C,, n-

alkane. These advances are illustrated using n-alkane,
PAH and hopane data obtained by direct introduction of
authentic standards and by ambient sampling in Berkeley,
CA.

Instrumentation

9C.3

ClusterSculptor: Software for Expertly Steering the
Classification of Single Particle Mass Spectra. ALLA
ZELENYUK, Pacific Northwest National Laboratory; Dan Imre,
Imre Consulting; Eun Ju Nam, Yiping Han, Klaus Mueller,
Stony Brook University.

To make efficient use of the vast amount of data acquired
by single particle mass spectrometers requires organizing
the data according to some convenient rules. Most
common in the field is to use statistical tools to cluster the
data by clustering the mass spectra on the basis of their
similarity. Cluster analysis (CA) is a powerful strategy for
the exploration of high-dimensional data in the absence of
a-priori hypotheses or data classification models, and the
results of CA can then be used to form such models. More
often than not, when examining the CA results we find
that many clusters contain particles of different types and
that many particles of one type end up in a number of
separate clusters. Our experience with CA shows that we
have a vast amount of non-compiled knowledge and
intuition that should be brought to bear in this effort. We
will present new software we call ClusterSculptor that
provides comprehensive and intuitive framework to aid
scientists in the derivation of classification hierarchies in
CA. It uses k-means as the overall clustering engine, but
allows tuning its parameters interactively, based on a non-
distorted compact visual presentation of the inherent
characteristics of the data in high dimensional space.
ClusterSculptor provides all the tools necessary for a
high-dimensional activity we call cluster sculpting.
ClusterSculptor is designed to be coupled to
SpectraMiner, our data analysis software package. The
data are first visualized with SpectraMiner and identified
problems are exported to ClusterSculptor, where the user
steers the reclassification and recombination of clusters of
tens of thousands particle mass spectra in real-time. The
resulting sculpted clusters can be then imported back into
SpectraMiner. We will demonstrate greatly improved
single particle chemical speciation on the example of
application of this new tool to a number of particle types
of atmospheric importance.
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9C4

High-time Resolution Measurements of Ambient Organic
Aerosols with the Photoionization Aerosol Mass
Spectrometer (PIAMS). MATTHEW DREYFUS, Murray
Johnston, University of Delaware.

The Photoionization Aerosol Mass Spectrometer
(PIAMS) permits real-time characterization of organic
compounds in aerosols. Particles sampled through an
aerodynamic inlet are deposited on a cooled probe inside
the mass spectrometer. After sufficient mass is collected,
an infrared laser beam irradiates the probe to flash
vaporize the collected material and a vacuum ultraviolet
beam crosses the plume to softly ionize organic
molecules. Because detection limits are in the low
picogram range, PIAMS can perform ambient
measurements with enough sensitivity to analyze
individual organic compounds at the low ng/m3 level in
less than 4 minutes when coupled to the m-VACES
particle concentrator. This capability for high-time
resolution measurements is sufficient to capture short
term concentration fluctuations in the local environment.

Time resolved OC/EC, SMPS and PIAMS measurements,
time averaged GC-MS measurements and meteorological
data were acquired at an urban sampling site in
Wilmington, Delaware. Data discussed will include the
results from two field campaigns; a one-week long
session in June 2006, and a three-week session in April/
May 2007. Sampling was conducted around the clock
with minimal downtime for instrument maintenance.
Typically, PIAMS collected and analyzed upwards of
~350 individual samples per day.

Results include example mass spectra, time-series and
wind-rose plots of selected species to display diurnal and
wind dependence. A basic positive matrix factorization
(PMF) algorithm was used to group individual species.
Data from the 2006 campaign shows that some classes,
including polyaromatic hydrocarbons, did not vary much
as a function of time or wind direction. Many of the more
dynamic compounds, including alkanoic acids and
phthalates, peak in concentration in the early morning
hours and correlate strongly to certain wind directions.
Often concentration changes (10-70%) can be seen over
the course of 15-60 minutes. Such changes may not be
seen with traditional techniques.

Instrumentation

9C.5

Evaluation of an Automated Water-Based Aerosol
Concentrator with an AMS During Two Field Campaigns.
Allison Aiken, Ingrid Ulbrich, Jose Jimenez, MIKE CUBISON,
University of Colorado; Qi Zhang, State University of New
York- Albany; Katherine Hayden, Richard Leaitch,
Environment Canada; Constantinos Sioutas, Katharine Moore,
University of Southern California.

The accurate quantification and speciation of submicron
aerosols is currently one the most significant challenges in
the field of atmospheric research. Organic aerosols are of
special interest, as recent work has suggested that current
values for the magnitude of global secondary organic
aerosol production represented in global climate models
are grossly under-predicted [ Volkamer, et al., 2006;
Zhang, et al., 2007]. Recent advances in acrosol mass
spectrometry have greatly improved our ability to
quantify and speciate these organic compounds in the
atmosphere [e.g. DeCarlo, et al., 2006]; however, in many
situations (clean locations, fast sampling e.g. in aircraft,
size-resolved measurements) an enhancement of the
signal-to-noise (SNR) would be highly desirable. Many
soft-ionization techniques promise better chemical
characterization of the organic aerosol, however they
often suffer from low SNR for ambient concentrations
[Northway et al., 2007]. Pre-concentration of the aerosol
can be an efficient way for SNR enhancement, and has
been made possible for submicron aerosols by the
development of water-condensation technology [Kim et
al., 2001]. In these concentrators, water is condensed on
submicron particles to grow them to supermicron sizes,
where they can be efficiently concentrated (x20 times)
with a virtual impactor, followed by drying. However, it
is possible that artifacts can be introduced during the
concentration process, €.g. some gases, such as HNO3,
can be taken up in the water droplets and may not re-
evaporate before analysis [Khlystov et al., 2005]. Thus it
is important to evaluate these potential artifacts with real
atmospheric aerosols in different locations, by comparing
the ambient/concentrated size and composition. We
present results from two recent studies, urban and
background, where an miniaturized automated aerosol
concentration system, based on the design of Geller et al.
[2005], was deployed in tandem with the Aerodyne Time-
of-Flight Aerosol Mass Spectrometer (ToF-AMS)
[DeCarlo et al., 2006].
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9C.6

Laser-induced-fluorescence spectra of single atmospheric
organic carbon and biological aerosol particles;
measurements at New Haven, CT and Las Cruces, NM,
USA. YONG-LE PAN, Richard K. Chang, Yale University;
Ron G. Pinnick, Steven C. Hill, US Army Research Laboratory,
Adelphi, MD; James M. Rosen, New Mexico State University.

This study focuses on the organic carbon aerosols (OCA)
and natural biological aerosols (BA) in the earth's
troposphere. Measurements of laser-induced fluorescence
(LIF) spectra of atmospheric OCA and BA measured at
New Haven, CT and Las Cruces, NM are reported. A
hierarchical cluster analysis suggests that most of the
single-particle LIF spectra cluster into several groups. A
comparison with previous measurements made at
Adelphi, Maryland (Pinnick, et al., Atmos. Environ., 38,
1657-1672, 2004) reveals that the most highly populated
clusters found at Adelphi, and some of the less populated
ones, also appear in the LIF spectra at New Haven and
Las Cruces, even though (a) the regional climates at these
locations is different (New England/Atlantic Coastal, for
New Haven and Alelphi, and Chihuahuan Desert for Las
Cruces); (b) the measurements were made in different
seasons; and (c) several improvements were made in the
instrument to measure LIF spectra at New Haven and Las
Cruces compared to the instrument used at Adelphi,
including a better detector and grating. The results
suggest that some of the OCA and BA fluorors in
atmospheric aerosols are common to all of these sites. On
average, spectra characteristic of humic/fulvic acids and
humic-like-substances (HULIS) comprise 28-47% of
fluorescent particles at all three sites.

Instrumentation

11IN.1
Design and performance of a new 0.5-m cavity ring-down

instrument for the measurement of aerosol optical
extinction. DANIEL OBRIST, Hans Moosm

We present results on the performance of a new 0.5-m
cavity length cavity ring-down instrument (CRD) for the
measurement of aerosol extinction. This successor of a
previous 1-m length extinction cell (Moosmuller et al.
2005) allows for easy field deployment due to a more
compact and user-friendly design. The system shows
excellent stability, measuring filtered air extinction with a
negligible drift of 0.01 Mm-1 over a 5 hour time period.
Shortening of the cell length to 0.5 m did not result in a
loss of instrument sensitivity, which averaged 0.08 Mm-1
(standard deviation of 1 min data points) and was thus
comparable to the sensitivity of the previous 1-m cell
(0.09 Mm-1). Another major advance of the system is the
wide dynamic range of extinction which exceeds 8,000
Mm-1 as compared to ~500 Mm-1 in the previous system.
We attribute the increase in dynamic range to the use of a
more powerful laser (< 20 uJ pulse energy as compared to
0.4 uJ), a newer A/D converter, higher mirror
reflectivities (~99.9985% as compared to 99.995), and
commercially-available ringdown analysis software (Los
Gatos Research Inc.). Comparison of very high extinction
values measured with our system to extinctions measured
with a cavity enhance detection system (CED;
measurement of average power transmitted by the optical
cavity) showed good correlation, but substantial absolute
differences for extinction above 1000 Mm-1. These
differences will be discussed in detail.

Moosm
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11N.2

The Effect of Filter-Induced Absorption Enhancement in the
Thermal-Optical Transmission Instrument for Measuring
Particulate Black Carbon. JOSEPH M. CONNY, National
Institute of Standards and Technology; Robert A. Cary, Sunset
Laboratory, Inc.

When particles reside on a light-scattering substrate, light
absorption by the particles is enhanced when multiple
scattering occurs within the substrate and particles absorb
the scattered photons that, on first pass, were not
absorbed. The apparent absorption coefficient for
particles bound to a fibrous filter is thought to be around a
factor of two to three greater than the absorption
coefficient of airborne particles. In the thermal-optical
transmission instrument (TOT), we are concerned with
how black carbon (BC) measurement might be affected
by variation in the absorption enhancement at two critical
points in the analysis: 1) when the initial laser signal is
registered prior to the pyrolysis of organic carbon, and 2)
at the split point when the measurement of particulate
carbon equivalent to BC begins. A simple experiment was
used to determine the effect on BC measurement. Two
quartz-fiber filters sections from the same sample are
stacked so that the two particle-exposed faces touch.
Pairing of filters in this manner effectively doubles the
sample path length. Since the Beer-Lambert Law is a
linear function of the sample path length, we would
expect attenuation to double if the path length is doubled.
If an enhancement exists, we would expect the log-
transformed signals for the paired filter arrangement to be
greater than the log-transformed laser signals for the
individual filter sections. Among five particulate samples
of ambient air and forest fire emissions, the absorption
enhancement at the split point was invariably less (by up
to 18 %) than the enhancement when the initial laser
signal was registered. When the split point was adjusted
to account for the difference in the enhancement, BC/total
carbon determinations among the five samples were up to
16 % lower than determinations that did not account for
the enhancement.

Instrumentation

1IN.3

Real-time atmospheric aerosol monitoring system for single-
particle fluorescence spectra, size, &amp; concentration.
YONG-LE PAN, Richard K. Chang, Yale University; Ronald G.
Pinnick, Steven C. Hill, US Army Research Laboratory.

We report on a real-time atmospheric aerosol monitoring
system which can measure, on-the-fly, UV-excited
fluorescence spectra and (light-scattering) size of single
particles in the 1-10 micro-meter diameter range. Aerosol
concentration can be deduced from particle count and
flow rate. The system employs a virtual impactor
concentrator (sample rate of 330 liters per minute) to pre-
concentrate particles in the 1-10 micron range. The
minority outlet flow of the concentrator (nominally 1 liter
per minute) is fed to an aerodynamic inlet nozzle
(equipped with clean air sheath) forming a highly
focused, laminar, cylindrical (around 300 il l-m diameter)
aerosol jet within a small (2 inch cube) optical chamber.
Particles in the jet are first detected by two intersecting
(650 and 685 nm wavelength) focused diode laser beams;
subsequent coincidence scattering signals from these
beams are then used to trigger a pulsed UV probe laser
(263 nm Nd:YLF with 0.05 mJ energy per pulse) to excite
fluorescence in each particle and to trigger a detection
system. The detector, a 32-anode PMT array
(Hamamatsu), senses both (attenuated) elastic light
scattering and dispersed fluorescence. The fluorescence
spectrum and scattering intensity for each particle is
captured and analyzed by custom-designed readout and
processing electronics capable of 90,000 particles/sec data
rate. The processing electronics (Vtech) can be
programmed to determine whether or not a particle has
the characteristic spectra of special interesting species.
The system has been used to monitor aerosol at New
Haven, CT and Las Cruces, NM. A hierarchical cluster
analysis has been used to classify the single-particle
fluorescence spectra, and suggests possible fluorors
within particles, including bacteria, polycyclic aromatic
hydrocarbons, humic/fulvic acids and humic-like
substances.
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110.1

Intercomparability study of electrical mobility particles
sizers with NaCl, Diesel soot, and ambient aerosols.
CHRISTOF ASBACH, Heinz Kaminski, Burkhard Stahlmecke,
Heinz Fissan, Thomas A.J. Kuhlbusch, Institute of Energy and
Environmental Technology (IUTA) ; Christian Monz, Dirk
Dahmann, Institut f

Electrical mobility particle sizers are used as standard

tools for measuring size distributions of airborne particles.

Common devices are scanning and sequential mobility
particle sizers (SMPS's) or fast mobility particle sizers
(FMPS's) These instruments are usually calibrated for
spherical particles. The response, however, can be
affected by particle morphology, due to different particle
charging in neutralizers and drag force experienced.

In industrial hygiene, mobility particle sizers can provide
useful means to assess human exposure to nanoparticles,
e.g. in nanotechnology workplaces, where nanoparticles
are produced, handled, or processed. Intercomparability
studies under various conditions are therefore crucial in
view of standardization.

In this study, we challenged altogether five instruments
with both intentionally produced and ubiquitous ambient
particles. Intentionally produced particles included
sodium chloride (NaCl) and Diesel soot that were mixed
with dilution air in a wind tunnel. The sample
conditioning assured a homogenous distribution of the
particles such that all instruments could be assumed to
sample identical aerosols. Diesel soot and NaCl were
chosen as test materials as these exhibit very different
particle morphologies which might affect the
measurement. While NaCl usually forms cubic particles,
Diesel soot particles are complex agglomerates. Ambient
particles were sampled over night directly from room air
with no activities within the room.

The measured size distributions were subject to a detailed
intercomparison study. The total number concentrations
obtained from the different size distributions were
compared with concentrations measured with two
handheld Condensation Particle Counters (CPC's) within
the size detection limits of the CPC's. The instruments
showed a generally acceptable agreement, however
instrument specific differences were observed. The results
of this comparison study will be presented and the
implications of the resulting uncertainties discussed
towards implementation into standardization.

This work was supported by the German Federal Ministry
of Education and Research (BMBF) as part of the
NanoCare project.

Instrumentation

110.2

Ultrafine Particle Surface Area Measurement with NSAM
and SMPS. CHRISTOF ASBACH, Heinz Kaminski, Heinz
Fissan, Thomas A.J. Kuhlbusch, Institute of Energy and
Environmental Technology (IUTA) Christian Monz, Dirk
Dahmann, Institut f

Health effects of inhaled ultrafine particles have
been reported to correlate better with particle surface area
rather than with particle number or mass. Direct
measurement of the particle surface area is impossible,
but several approaches have been made to assess this
parameter indirectly. Especially for airborne particles, the
determination of particle surface area remains
challenging.

An approach to determine the surface area of airborne
particles is based on measurement of number size
distributions. In case of spherical particles, the total
surface area or its size distribution can easily be
determined. For agglomerates, it can be estimated based
on several assumptions. In order to assess the amount of
particle surface area that deposits in different
compartments of the lung, the surface area size
distributions can be weighted with lung deposition curves.
The Nanoparticle Surface Area Monitor (NSAM) is an
instrument that uses diffusion charging of particles
followed by a manipulated ion trap to measure the total
particle surface area deposited in either different
compartments of the human respiratory system. The
NSAM has been calibrated for spherical particles and
shows very good agreement with the surface area derived
from number size distributions. Due to different device
concepts, deviations in the measured surface arca
concentrations are likely, when the instruments are
challenged with particle morphologies other than
spherical.

To compare the surface area measurements with SMPS
(weighted with lung deposition curves) and NSAM, the
two instruments have been used side by side, sampling
simultaneously from the same NaCl (cubic), Diesel soot
(agglomerate), or ambient (mixture) aerosols. The results
of this comparison study will be presented and the
implications of particle morphology on the surface area
measurement with NSAM and SMPS discussed. A
theoretical approach to quantify the measured differences
between the surface area of compact and agglomerated
particles will be given.

This work was supported by the German Federal Ministry
of Education and Research (BMBF) as part of the
NanoCare project.
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110.3

Instrument Measurement Response to Different
Nanoparticle Aerosols. LINDA M. H. SCHMOLL, Patrick
O'Shaughnessy, University of lowa.

Polydisperse nanoparticle aerosols composed of titanium
dioxide (Ti0O,), silicon dioxide (Si0O,), and iron oxide
(Fe,0;) were measured using four different particle

instruments to evaluate the ability of various common and
novel instruments for assessing nanoparticle
concentrations in workplace settings.

A nebulizer produced nanoparticle aerosols which were
passed through a charge neutralizer and into a sampling
box from which all four instruments were connected.
Particle concentrations were varied between 15,000 and
95,000 particles per cubic centimeter, as measured by the
TSI 3007 Handheld Condensation Particle Counter
(HHCPC), which is a portable particle counter. The TSI
3071 Scanning Mobility Particle Sizer (SMPS) and the
GRIMM 1.108 Portable Aerosol Spectrometer measure
particle size distribution and count for diameters between
10 and 311 nm and 350 nm to 2000 nm, respectively,
providing a broad size distribution measurement that
incorporated the size of all test aerosol particles. The
Matter Engineering LQ1-DC active surface area analyzer
utilizes unipolar diffusion charging of particles to
measure active surface area.

The HHCPC measured greater particle counts than the
SMPS alone and the SMPS with the GRIMM with an 18
to 34.7 percent difference between the HHCPC and the
SMPS and a 13.3 to 14 percent difference between the
HHCPC and the SMPS with the GRIMM. It was
expected that the HHCPC would measure more particles
than the SMPS alone and have more similar counts to that
of the SMPS and GRIMM together. Active surface area
measured by the LQ1-DC was much lower than the
geometric surface area calculated by the SMPS with a
60.2 to 159 percent difference between the two
instruments. We noted an increased difference between
surface area measurements/calculations as geometric
mean increased. Difficulties occurred with obtaining a
stable zero while tuning the LQ1-DC perhaps causing an
offset. The portability and ease of use of the HHCPC
coupled with a conversion factor in the range of 13.6%
relative to SMPS data makes it a viable instrument for
workplace surveys of nanoparticle exposure
concentrations.

Instrumentation

110.4

A Compositional Miniature Electrical Aerosol Spectrometer
(c-MEAS) for Volatility study of Ultrafine Particles.
MANISH RANJAN, Suresh Dhaniyala, Philip K. Hopke,
Clarkson University.

Real time size distribution and size-resolved chemical
composition measurements are essential for effective
characterization of ambient aerosol. To develop a
compact instrument for size-resolved submicron particle
composition studies, a new instrument called the
compositional Miniature Electrical Aerosol Spectrometer
(c-MEAS) is presented. This instrument is built on the
design of Miniature Electrical Aerosol Spectrometer
(MEAS). In MEAS, charged aerosol particles are size-
segregated based on their response to applied electrical
and drag forces. Ultrafine particles over a narrow size
range are collected on metallic plates in c-MEAS.
Underneath the collection plates, ultraminiature heaters
and heat sensors (Minco Inc.) are located to heat the
plates to selected temperatures to volatilize the collected
particles. Numerical results suggest that heating under
appropriate conditions of Grashof and Reynolds numbers
will enable extraction of volatile species without loss to
the walls. Gas detectors downstream of c-MEAS will
provide quantitative information on the volatilized
species. A CO2 NDIR sensor is currently being
integrated for measurement of organic carbon volatilized
from the size-segregated samples. A comparison of
cMEAS performance against that of the Sunset EC/OC
will be presented. Also, measurements of the size-
dependent high-volatile OC in ultrafine diesel emissions
will be presented.
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110.5
Bipolar Charging of Soot Aggregates. MATTI MARICQ,
Ford Motor Company.

There is currently considerable interest in combustion
aerosols, particularly as regards the characterization of
emissions sources, such as motor vehicles and power
plants. An often used tool to study the size distributions
of these particulate emissions is the scanning mobility
particle sizer (SMPS), and in many cases it has become a
standard against which to compare other aerosol
instruments. To record a size distribution with the SMPS,
however, requires ancillary data, for example the bipolar
charging efficiency. With the increased interest in
combustion aerosols, it is therefore important to examine
how the bipolar charging of fractal-like soot aggregates
might differ from that of spherical particles. Indeed, Lall
and Fridelander [1] recently introduced an "idealized
aggregate" approach to calculate soot surface area from
electrical mobility data, one step of which included
consideration of their charging efficiency.

This paper reports bipolar charging efficiencies of oil
droplets, flame generated soot (Df = 1.9) and diesel soot
(Df=2.3). The measurements employ a tandem DMA
approach, where an active and dummy neutralizer are
alternately placed between the two DMAs. The oil
droplet single and double charging efficiencies, of both
polarities, are in excellent agreement with those of
Wiedensohler and Fissan [2]. Below about 100 nm, soot
aggregates have 10 - 20% higher charging efficiency than
spherical particles of the same mobility diameter, but
above 100 nm, soot charging becomes less efficient.
Above about 40 nm, the charging efficiency is well
described by the charging theory for fiborous particles by
Wen et al. [3].

[1] A. A. Lall and S. K. Friedlander, J. Aerosol Sci. 37,
260 (2006).

[2] A, Wiedensohler and H. J. Fissan, J. Aerosol Sci. 19,
867 (1983).

[3] H. Y. Wen, G. P. Reischl, and G. Kasper, J. Aerosol
Sci. 15, 89 (1984).

Instrumentation

110.6

Characterization of the Nanoparticle Crossflow Differential
Mobility Analyzer (NCDMA). SAYURI YAPA, Suresh
Dhaniyala, Clarkson University.

Nanoparticle size classification is best achieved using
differential mobility analyzers (DMAs). The resolution of
classification is dependent on the DMA operating
conditions and particle size. For DMAs with uniform
force fields, Flagan (1998) showed that the resolution is
only a function of the operating voltage of the DMA. For
DMA designs with non-uniform force fields, Song and
Dhaniyala (2007) showed that the sizing resolution in the
diffusional regime could be improved over that of DMAs
with uniform force fields. In the NCDMA design, the
sheath flow is introduced radially, while the aerosol flow
is injected axially. The resulting force fields are
demonstrated to help minimize diffusion of particles and
calculations suggest that at the lowest operating voltage,
the resolutions can be increased by a factor of ~ 2.

In this presentation, the theoretical calculations will be
presented and preliminary experiments with a prototype
NCDMA will be presented. The NCDMA is being
characterized using a Tandem Differential Mobility
Analyzer (TDMA) setup. For testing in the diffusion
regime, an oven generator is used to generate NaCl
particles in the size range of 2-20 nm. The NCDMA
performance will be compared to that of the long-DMA
(TS13071) and the Nano-DMA (TSI 3085). A common
flow and voltage control unit will be used to test all three
DMAs. This will permit comparison of the instruments
accounting for any non-idealities in the control system.
The instrument design, test procedure, and comparison
results will be presented.

REFERENCES:

Flagan, R. C. (1999) On Differential Mobility Analyzer
Resolution. Aerosol Science and Technology 30, 556
-570.

Song D.K., and Dhaniyala S., Change in distributions of
particle positions by Brownian diffusion in a non-uniform
external field, Journal of Aerosol Science, doi: 10.1016/j.
jaerosci.2007.01.006, 2007.
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110.7

Development Of A Corona-Based Unipolar Aerosol
Charger. CHAOLONG QI, David Y.H. Pui, University of
Minnesota; Da-Ren Chen, Washington University in St.Louis.

Aerosol charging plays an important role in both scientific
study and practical application of aerosol science and
technology. Unipolar charging has recently attracted
much attention. It is due to the potential applications of
nanoparticles, considered as the building blocks for
nanotechnology, and the easy process of nanoparticles
using the electrostatic means. In general unipolar charging
delivers a higher charging efficiency for particles
compared with that offered by bipolar charging. Because
of the stringent limitation in using the radioactive sources
worldwide, corona-based unipolar charging has been the
focus in recent studies. However, corona-based unipolar
chargers currently available are suffered by several issues,
such as electrostatic loss and the generation of particles
and ozone. Further, most available unipolar chargers
achieve high charging efficiencies for particles smaller
than 20 nm only when in low flowrate.

In this study a corona-based, unipolar charger has been
designed and evaluated. The corona ionizers and the
charging chamber are completely separated. Two corona
ionizers were used in this charger. The electrostatic loss
of charged particles is eliminated and the loss due to
diffusion and the space charge effect is minimized. A
clean nitrogen gas is used as ion carrier in the ionizer,
minimizing the potential problems of particle and ozone
generation. The charging efficiency was optimized with
different operational conditions. The operation of only
one corona ionizer showed higher extrinsic charging
efficiency than that with both ionizers operated. The
corona current has negligible effect on the charging
performance. The flow combination of 5-6 Ipm total flow
and 1 lpm ion flow gives the highest extrinsic charging
efficiency in the test matrix. It is demonstrated that this
unipolar charger, even operated at high flowrate (i.e., 10
Ipm), can provide a higher extrinsic charging efficiency
than other corona-based, unipolar chargers reported.

Instrumentation

110.8

New User-Friendly Updated Software (TDMAFit) for
Analyzing Data from Tandem Differential Mobility
Analyzer Experiments. MARK R. STOLZENBURG, Peter H.
McMurry, University of Minnesota; Xiaoliang Wang, TSI Inc.

A differential mobility analyzer (DMA) selects and
delivers particles in a narrow range of electrical mobility
from a charged polydisperse input acrosol. For small
enough particles the charge magnitude usually does not
exceed one and the DMA exit aerosol is considered
monodisperse in size. In a tandem DMA (TDMA)
configuration, a second DMA is placed in series
downstream of the first DMA.

In a typical single DMA measurement of particle size
distribution, dN/dlogDp, (e.g. scanning mobility particle
sizer, SMPS) the integral predicting the response, Nd, of
the detector downstream of the DMA at a diameter setting
Dp includes dN/dlogDp, the DMA transfer function,
Omega, (i.c. size-dependent transfer efficiency), charge
fraction and various efficiencies. It is usually a good
assumption that none of these varies significantly over the
non-zero width of Omega. The integral is then greatly
simplified and dN/dlogDp at Dp is calculated directly
from Nd.

In a typical TDMA experiment a particle size is selected
by DMAL, the aerosol is conditioned in some manner (e.
g. humidified, dried, heated, ...) between DMAs and the
transformed aerosol is scanned by DMA?2 to determine
the new mean particle size. The response of the detector
downstream of DMA?2 is described by an integral over a
number of size-dependent factors including both DMA
transfer functions. However, the assumptions used to
simplify the single DMA integral are no longer applicable
and a different technique must be used.

TDMAFit is a software package designed for this very
purpose. Originally developed in 1988 as a QuickBASIC
program, it is now publicly available as Microsoft Excel-
based user-friendly software with simplified diameter-
based input (Zhou and Swietlicki, 1998). The program
provides not only the average change in particle size but
also the variation thereof, a largely-neglected but
potentially valuable piece of information available from
almost any TDMA experiment.

Zhou, J. and E. Swietlicki (1998) TDMA fit user's
manual, ver. 2.0 for LabVIEW, Div. of Nuclear Physics,
Lund University, Lund, Sweden.
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110.9

Opposed Migration Aerosol Classifier. HARMONY GATES,
Richard Flagan, Caltech; Fred Brechtel, Brechtel Manufacturing
Inc.

The opposed migration aerosol classifier (OMAC) is a
new differential mobility classifier in which particle
migration between porous electrodes is countered by an
opposing particle-free flow. This geometry extends the
range of operation in which diffusion is minimal, to lower
voltages than are possible in the differential mobility
analyzer (DMA). Low voltage operation makes it
possible to achieve a useful sizing range with smaller
electrode spacing than the DMA requires. We will
present an integrated mobility analyzer based upon the
OMAC. The new instrument is smaller and simpler than
traditional DMA systems (differential mobility particle
sizer, DMPS or scanning mobility particle sizer, SMPS).
An embedded computer controls the high voltage and the
flows. Particles are detected with conventional
condensation particle counter. Laboratory
characterization of the OMAC and its performance will be
described. The integrated system will be installed
alongside a DMA system on a Twin Otter research
aircraft during the Marine Stratus/Stratocumulus
Experiment (MASE II) campaign in July 2007 in
Monterey, California. Results from airborne
measurements and comparison to the DMA measurements
will be shown.

Instrumentation

110.10

Experimental and Numerical Studies of Particle
Transmission Efficiency through Aerosol Neutralizers.
XIAOLIANG WANG, Stanley L. Kaufman, Gilmore J. Sem,
TSI Inc.; Naoya Hama, Tokyo Dylec Corp.; Hiromu Sakurai,
Institute of Advanced Industrial Science and Technology
(AIST); Mark R. Stolzenburg, Peter H. McMurry, University of
Minnesota.

Aerosol charge neutralizers are commonly used to bring
aerosols to a stationary charge distribution before
electrical mobility measurement. An accurate estimation
of particle transmission efficiencies through aerosol
neutralizers not only ensures the size distribution
accuracy, but also helps in choosing the right type of
neutralizer based on the flowrate and the size ranges of
interest.

We have experimentally measured size dependent particle
transmission efficiencies through several aerosol
neutralizers at different flowrates. Five neutralizer
geometries were studied:

- TSI Model 3077/3077A Krypton-85 neutralizers. The
Tokyo Dylec Americium-241 neutralizer uses the same
geometry.

- University of Minnesota Particle Technology Lab
Polonium-210 neutralizer (UMN).

- Sokken surface-discharge microplasma aerosol charger
(SMAC).

- Aerosol Dynamics Inc. Polonium-210 neutralizer (ADI).
- TSI Model 3012/3012A Krypton-85 neutralizer.

The test flowrates were 0.3, 0.5, 1.0, 1.5, 3.0 and 5.0
liters/minute for the 3077/3077A and UMN neutralizers.
The other three geometries were measured at additional
higher flowrates up to 50 liters/minute. The transmission
efficiencies of 3.5, 4.6, 7.0, 9.9, 25 and 60 nm
monodisperse sucrose particles generated by electrospray
and classified by differential mobility analyzer were
measured for each geometry and flowrate.

The results showed that particle losses through TSI
3077/3077A, UMN, ADI and SMAC geometries were
similar. Penetration was greater than 90% for particles
larger than 25nm, and greater than 50% for 3.5 nm. The
TSI 3012/3012A neutralizer geometry had higher losses
than the others, especially at lower flowrates and for
smaller particles, probably mainly due to losses on two
mesh screens, one at the inlet and one at the outlet.
Particle losses could not be fully explained by diffusional
deposition. Other mechanisms such as flow instability or
turbulence might cause extra losses.

Computational simulations of fluid flow and particle

Copyright © 2007 by the American Association for Aerosol Research (ABIRION in neutralizers are being carried out. This effort
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110.11

Non-Aerosol Measurements to Characterize Radioactive
Aerosol Neutralizers. Stanley L. Kaufman, Gilmore J. Sem,
XIAOLIANG WANG, TSI Inc; Takafumi Seto, Hiromu
Sakurai, National Institute of Advanced Industrial Science and
Technology (AIST); Eric Eastwold, Chungman Kim, Mark
Stolzenburg, Peter H. McMurry, University of Minnesota.

In order to make comparisons among radioactive
neutralizers using aerosol tests, an independent means of
measuring their effectiveness at producing ions is needed.
The ions for neutralizing aerosol particles are produced by
radiated alpha or beta particles, but these emissions do not
penetrate the device housings and thus cannot be
measured directly in situ. For some isotopes there is
sufficient accompanying penetrating gamma radiation to
be measured, but since bremsstrahlung interferes with
simple nondispersive gamma measurements (e.g. using a
Geiger counter), a true assay requires the use of a gamma
spectrometer. Even then, gamma measurements do not
indicate whether the ionizing charged-particle radiation is
able to reach the chamber where ions are to be produced,
thus other measurements are required. A second method
is to insert a biased electrode into the chamber, collecting
the ions and measuring the current without air flow; this
current increases with the bias but approaches a limit.
Finally, it is possible to measure the conductivity of air
which has passed through the chamber, and thus to
determine an external ion concentration, a result
dependent on the flow rate. We characterized a series of
neutralizers based on Kr85 beta emissions and Po210 and
Am?241 alpha emissions using these methods, in order to
provide quantitative estimates of the ion production rate
and ion concentration for use in a comparative study of
these neutralizers based on aerosol measurements [1,2].

1. Wang et al. (2007) Experimental and Numerical
Studies of Particle Transmission Efficiency through
Aerosol Neutralizers: this conference.

2. Kim et al. (2007) Measurements of bipolar aerosol
charge fractions of initially neutral 70 nm particles for
various neutralizers with different ion sources and
geometries over a range of source strengths and flowrates:
this conference.

Instrumentation

110.12

Inter-comparison of Instrumentation used in the
Measurement of Particulate Emissions from Gas Turbine
Engines. DAVID LISCINSKY, United Technologies Research
Center; Anuj Bhargava, Pratt & Whitney; Bruce E. Anderson,
Eddie Winstead, NASA Langley Research Center; Don Hagen,
Prem Lobo, Phil Whitefield, University of Missouri-Rolla;
Chowen Wey, Changlie Wey, NASA Glenn Research Center;
Rick Miake-Lye, Tim Onasch, Aerodyne Research Inc.; Robert
Howard, AEDC/ATA.

Recent studies (under multi-agency support) of aircraft
particulate emissions (APEX missions) have provided a
wealth of experimental measurements of particle
properties from a variety of commercial gas turbine
engines. While efforts to understand and improve particle
sampling and measurement techniques continue, this
paper focuses on a comparison of the suite of APEX
instruments used in a study sponsored by NASA in 2006
to specifically address inter-instrument comparison.

Exhaust aerosol studies were made on the NASA Lear Jet
at Glenn Research Center in November 2006.
Measurements were performed to simultaneously
characterize, using different instruments, the diluted
exhaust aerosol near the end of the long (~ 30m) sampling
train at the point where it splits to distribute sample to the
various instruments. Data were also obtained using
particle sources, such as salt aerosols and polystyrene
latex spheres. The instrument suite consisted of
condensation particle counters; fast mobility, scanning
mobility, low pressure impactor, and optical particle
sizers; optical, quartz microbalance, photoacoustic, and
mobility mass measurements; and EC/OC filter analysis.
Particle concentration, size, and mass were
intercompared. Instrument repeatability and linearity were
determined in addition to inter-instrument comparison of
particle properties.

Results of these studies indicate that a careful data
assessment is required in order to compare particle
properties measured using different instrument (sensing/
detection) techniques. Instrument settings (constants,
correction factors, flowrates, pressure, etc.) and data
ranges must be considered to ensure valid measurements
prior to comparisons. Differences observed during
comparison of identical instruments further highlighted
the need for regular instrument calibration, standardized
operating procedures, and well documented data analysis.
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110.13

Separating Particles with Different Shapes Using a TDMA
system. ALLA ZELENYUK, Pacific Northwest National
Laboratory; Dan Imre, Imre Consulting.

The Differential Mobility Analyzer (DMA) is designed to
measure particle mobility diameter, which for spherical
particles is equal to particle volume equivalent diameter.
In contrast, the mobility diameter of aspherical particles is
a function of the particle shape and orientation in the
DMA. The magnitude of the DMA electric fields is such
that it can cause asymmetric particles to align
preferentially in a specific orientation. The same electric
field and the sheath flow-rate define the measured particle
mobility diameter. But the fact that particle orientation
depends on the electric field makes the dynamic shape
factor and hence the measured mobility diameter depend
on the sheath flow rate. We had developed an empirical
test that can be conducted on aerosol samples to quantify
the magnitude of the alignment effect on the dynamic
shape factor and measured particle mobility diameter. It
relies on a tandem DMA system, in which the relationship
between the mobility diameter of monodisperse particles
and the electric field in the second DMA is measured by
changing the sheath flow rate, to obtain information about
particle shape and particle alignment. We will
demonstrate that particle alignment in the DMA can be
used to physically separate particles according to their
shapes, despite them having identical mobility diameters
at another sheath flow rate. In addition we will present the
use of simultaneous measurements of particle alignment
and particle vacuum aerodynamic diameters to gain
further information on particle shape and account for
particle alignment in the calculations of dynamic shape
factor. We will present the results of application of
TDMA system to a number of polydisperse particle
systems of various shapes, including agglomerates of
polystyrene latex spheres, alumina agglomerates, NaCl
particles, ammonium sulfate particles, graphite and
hemotites.

Instrumentation

110.14

Use Of Electrical Aerosol Detector (Ead) For Particle Size
Distribution Measurement. LIN LI, Da-Ren Chen,
Washington University in St. Louis; Perng-Jy. Tsai, National
Cheng Kung University.

Nanoparticle Surface Area Monitor (NSAM, TSI model
3550) has been developed and commercially available for
measuring total surface area of nanoparticles deposited in
tracheobronchial (TB) or alveolar (AL) regions of the
human lung (Fissan et al, 2007). The NSAM is actually
the modified version of TSI Electrical Aerosol Detector
(EAD, TSI Model 3070A). Instead of 20 V used in EAD
different ion trap voltage settings are used in NSAM to
correlate the NSAM readouts to the total surface area of
nanoparticles deposited in TB and AL regions. However,
the operational principle of EAD and NSAM are
essentially the same as that used in the first generation of
particle mobility analyzers for the size distribution
measurement. Thus, it is possible to convert EAD or
NSAM into a particle sizer with the feature of variable ion
trap voltage. To materialize the objective we first
characterized the charging efficiencies and extrinsic
charge distribution of particles passing through the EAD
charger using monodisperse Ag and PSL particles. To
reproduce the measured results we proposed the birth-
and-death particle charging model with the ion-particle
combination coefficients given by Fuchs' limiting-sphere
theory (Fuchs, 1963). Two Nt (N: ion concentration; t:
aerosol residence time) values were used in the model to
provide the satisfactory agreement between the predicted
and experimental charge distribution of particles in the
diameters less than 1 micro-meter. A data-reduction
scheme was further developed to retrieve the particle size
distribution from EAD readout as a function of ion trap
voltage. In the scheme the functional format of number
size distribution of particles was assumed as the log-
normal unimodal or bimodal type. An optimization
method was used to best fit the simulated EAD readouts
to experimental ones by varying the count median
diameter, geometric standard deviation, and total particle
number of the presumed lognormal size distribution.
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11P.1

Numerical Characterization of the Airborne Multi-angle
Light Scattering Spectrometer Inlet. MIHAI CHIRUTA,
Francisco Romay, William Dick, James Marti, MSP
Corporation.

The Multi-angle Light Scattering (MLS) Spectrometer is
an aircraft instrument that measures the phase function
and sphericity of individual aerosols. An inlet was
designed to optimize isokinetic sampling of particles
ranging in size from 0.5 to 15 micro-meters. The
isokineticity and sampling efficiency for the case of fixed
cruise speed and inlet parallel to the main airflow were
considered in a prior work (Chiruta, 2005). In this work,
we characterize the inlet for variations of flight
parameters (speed, pitch, and yaw angles).

Using a computational fluid dynamics package, we have
determined the airflow pattern in the vicinity of the inlet
and the pod to which it is attached (external flow) and the
flow in the interior of the inlet (internal flow). Both the
external and internal flows were considered in the same
computational domain. When comparing to a "patched"
computational domain (internal and external flows treated
separately) this has an inherent advantage. Once the
airflow is established, aerosol particles trajectories
starting outside of the inlet are continued inside; thus an
aerosol particle does not have any jumps in its trajectory.

The sampling efficiency of the inlet is obtained using the
trajectories of a statistically significant number of
aerosols, and is given by the ratio between the cross-
sectional area determined by the limiting trajectory and
the cross-sectional area given by the limiting streamline.
The sampling efficiency thus obtained will be used to
retrieve the aerosol concentration as a function particle
size for different aircraft flight parameters.

M. Chiruta et al. (2005) \Shrouded inlet for airborne light
scattering spectrometer\, 24th Annual AAAR Conference,
Austin, Texas, Oct 17-21.

Dick, W.D., F.J. Romay, M. Chiruta, M. Battista, A.
Collins, and J. Marti (2007) \Airborne Multi-angle Light
Scattering Spectrometer

Instrumentation

11P.2

On-line Characterization of Oligomers using a Novel Soft
Ionization Aerosol Mass Spectrometer (SIAMS). JULIE A.
LLOYD, Murray V. Johnston, University of Delaware.

A soft ionization aerosol mass spectrometer (SIAMS) has
been developed for the on-line characterization of high
molecular mass species such as oligomers in secondary
organic aerosol. Oligomers formed by the reaction of
volatile organics with ozone have been previously
characterized off-line by electrospray ionization (ESI) and
matrix assisted laser desorption ionization (MALDI) mass
spectrometry. Unfortunately, these off-line techniques do
not provide the time resolution needed to study reaction
kinetics (Tolocka et al., 2004). In contrast, the time
resolution of SIAMS is on the order of a few minutes.
On-line measurements will provide greater insight into
the reaction mechanisms of oligomers.

An integral step in the development of the SIAMS was to
insert a quadrupole ion trap into a time-of-flight mass
spectrometer. The ion trap was machined specifically to
accommodate a collection probe (~3 mm diameter) within
the ring electrode. Analyte particles enter a flow limiting
orifice and are focused through an aerodynamic lens
system for deposition onto the collection probe. After
deposition, a 351 nm laser beam enters the ion trap
collinearly with the particle beam and irradiates the probe.
Desorbed neutral species are softly ionized by either
chemical ionization or MALDI. The analyte ions are then
extracted into the time-of-flight mass analyzer for
detection. Incorporation of the ion trap makes tandem
mass spectrometry experiments possible for greater
characterization of the high molecular mass species.
Preliminary results show laser desorption of a model
compound followed by multiple modes of ionization
including electron ionization, laser desorption ionization,
and acetonitrile chemical ionization. Future work will
focus on incorporating aerosolized matrix onto the
collection probe for on-line MALDI experiments.
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11P.3

Development of an Ion Optics for Effective Ion Detection in
Single Particle Mass Spectrometry. SUNG-WOO CHO,
Donggeun Lee, Pusan National University.

Recently, we reported that significant ion loss occurred
prior to its detection in the conventional single particles
mass spectrometry and more seriously the loss is ion
kinetic energy-dependent. These lead to significant error
in the measured chemical composition of nanoparticles
especially when they have a core-shell structure. Here we
attempted to design a novel ion optics that is capable of
100% detection of ions generated from single
nanoparticle. Using a commercial software SIMION, we
simulated the trajectories of ions launched at different
speeds inside the single particle mass spectrometer. We
investigated effects of changes in shape of repelling plate,
adding an Einzel lens, inserting a tubular electrode
between extraction and acceleration grids, and
combinations between those, on the ion flight. As a result,
a unique type of ion optics is successfully developed to
detect the energetic ions with no loss and its performance
is confirmed by the numerical simulation.

Instrumentation

11P.4

Adaptation of an Aerodyne ToF-AMS for the new NCAR
HIAPER research aircraft and Pressure-Controlled Inlet
development. Donna Sueper, Joel Kimmel, Jose Jimenez,
MIKE CUBISON, University of Colorado; Bill Brooks, John
Jayne, Aerodyne Research Inc.

The use of aircraft in atmospheric research offers the
ability to collect in-situ and remotely-sensed data in three
dimensions, often at high spatial resolution, which is ideal
for investigating atmospheric processes up to lower
stratospheric elevations [Coe, 2006]. The NSF and NCAR
recently commissioned a new research aircraft under the
management of the Earth-Observing Laboratory (EOL) at
NOAA. The Gulfstream G-V jet is capable of long-range
missions and a high flight ceiling of 55,000ft. We present
details of a specially-engineered version of the Aerodyne
Time-of-Flight Aerosol Mass Spectrometer (ToF-AMS)
[DeCarlo, et al., 2006; Jayne, et al., 2000] suitable for
deployment on this airborne platform. The instrument has
been significantly modified from the ground-based
version to provide the lightest, most compact version of
the full-size ToF-AMS in operation, without detriment to
instrumental operation and with single-particle analysis
capability from a laser light-scattering unit [Cross, et al.,
2006].

Significant challenges are faced when sampling particles
from aircraft moving at high speeds and often at reduced
atmospheric pressures due to altitude, which are reviewed
by Wendisch et al. [2004]. Decelerating the particles to
the velocity of the instrument sampling tube introduces
adiabatic heating, and pressure variation at the inlet of the
AMS causes divergence in the aerosol beam and
consequent loss of signal. We present a new pressure-
controlled inlet designed for application at high altitude
and detail expected characteristics and particle losses
under a variety of flight conditions.

Coe, H. (2006). Journal De Physique Iv, 139, 295-320.
Cross, E. S., et al. (2006). Aerosol Science & Technology,
41, 343-359.

DeCarlo, P. F., et al. (2006). Analytical Chemistry, 78,
8281-8289.

Jayne, J. T., et al. (2000). Aerosol Science & Technology,
33,49-70.

Wendisch, M., et al. (2004). Bulletin of the American
Meteorological Society, 85, 89-91.
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A Thermodenuder-Mass Spectrometer Technique for
Characterization of the Volatility and Composition of
Organic Aerosol. ANNELISE FAULHABER, Brenda
Thomas, Paul Ziemann, University of California, Riverside;
Alex Huffman, Jose Jimenez, CIRES and University of
Colorado; John Jayne, Douglas Worsnop, Aerodyne Research
Inc.

Atmospheric particulate matter is generally a forbiddingly
complex mixture, and only general conclusions about the
chemical composition of the organic fraction can be made
on the basis of mass spectral data without some means of
separation. The separation of particle components by
volatility allows the extraction of far more information
from the mass spectra of complex mixtures [Tobias and
Ziemann, Anal. Chem., 71, 3428 (1999)]. Volatility
measurements of organic aerosol components provide an
additional benefit in themselves, since the volatility of
semivolatile organic compounds in an atmospheric
aerosol is important both for their partitioning between
the gas and particle phases under varying conditions and
in the chemical evolution of the aerosol [Donahue et al.,
Environ. Sci. Technol., 40, 2635 (2006)]. We
demonstrate the use of a thermodenuder [Wehner et al., J.
Aerosol Sci., 33, 1087 (2002)] coupled to a particle beam
mass spectrometer in the simultaneous measurement of
volatility and mass spectra of different volatility fractions
of laboratory-generated organic aerosols. Relating the
vaporization profile as a function of temperature to the
vapor pressure provides a means of predicting the gas-
particle partitioning of various components of the aerosol.
The use of this technique in the characterization of simple
model systems and complex chamber-generated
secondary organic aerosol (SOA) is demonstrated.
Volatility-mass spectral data for a few classes of SOA
known to be present in ambient aerosol will be presented.
This work is part of a project to develop a thermodenuder-
Aerodyne Mass Spectrometer technique for real-time
analysis of ambient aerosol and a volatility-mass spectral
database for interpretation of the data obtained with this
system.

Instrumentation

11P.6

Component and Morphology Biases on Quantifying Size and
Composition of Nanoparticles using Single-Particle Mass
Spectrometry. LEI ZHOU, Ashish Rai, Michael R. Zachariah
University of Maryland.

Considerable effort has been expended to develop the
real-time single particle mass spectrometry using the laser
ablation/ionization technique. With a complete ionization
technique, quantitative information about particle size and
elemental stoichiometry for a single component particle
can be obtained. However, it is more complex to deal with
multi-component composite particles. The morphology
and the composition of particles will change the thermal
and optical properties of the particle and thus the laser-
particle interaction. In this paper multi-component
particles of different morphologies are generated and used
to examine the limitations of the complete ionization
approach. The experimental results show that there are
component and morphology biases which can be related
to the high nonlinear properties of the laser-particle
interaction. The relative laser absorbtivity of each
component is found to have a significant impact on the
particle heating and ion formation process. In addition,
the ion distribution formed from the laser-particle
interaction is in part a result of charge transfer, and
electron-ion recombination. A qualitative explanation for
the observed behavior is developed, which involves the
characteristic time for laser heating and intraparticle heat
conduction.
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11P.7

Analysis and comparison of mass spectrum of different
particles measured by a Q-AMS on board a mobile lab.
GANG LU, Cris Mihele, Patrick Lee, Lisa Graham, Jeffery R.
Brook, Environment Canada.

Atmospheric aerosols are emitted from a variety of
sources and as a result often exhibit different physical and
chemical characteristics. We have combined the
relatively high time resolution capability of the Aerodyne
Q-AMS (Quadrupole Aerosol Mass Spectrometer) with a
ground-based mobile laboratory to acquire mass spectra
from a variety of sources. This information can then be
used to help identify when these or very similar sources
are contributing to the particulate matter impacting other
locations, including the application of receptor models.
During field and laboratory measurement studies across
Canada and Detroit, MI, our mobile lab, CRUISER, has
successfully isolated particle samples from a range of
sources, potentially providing a library of 'source
fingerprints' for future use. To date these include
industrial sources, such as a steel mill, wood drying kilns,
a meat cooking and smoking factory and a petroleum
refinery; transportation sources, such as ocean going
ships, locomotives, diesel trucks and mixed gasoline and
diesel traffic; residential sources such as wood stoves and
a gasoline powered lawn mower and; a heavy duty diesel
truck and several gasoline automobiles running on
dynamometers. Examination of the mass spectra (0-300
m/z fragments) from these sources has revealed
similarities and differences including the potential
existence of some unique fragments. For example, m/z60
and m/z240 were found to be elevated in samples from
residential wood smoke and from wood drying,
respectively. The time series from these potential tracer
fragments were then found to correlate strongly with the
known impact from these sources as observed at a central
monitoring site. In this poster presentation, the
fingerprints from all the sources studied to date using
CRUISER will be compared and contrasted, based upon
different approaches to normalize the spectra. In addition,
we will present examples of how this information has
been used, along with other aerosol and gaseous
measurements, to gain more insight into pollutant
mixtures related with different sources and the nature of
their impact on urban populations.

Instrumentation

11P.8

Generation and Characterization of Secondary Organic
Aerosols Using a High Resolution Time-of-Flight Aerosol
Mass Spectrometer. Olga Hogrefe, Qi Zhang, Yongquan Li,
Yele Sun, Min-Suk Bae, James J. Schwab, Kenneth L.
Demerjian, University at Albany, SUNY; BRIAN P. FRANK,
New York State Department of Environmental Conservation.

The physical and chemical properties of laboratory
generated secondary organic aerosols (SOAs) were
studied using a suite of measurement techniques. The
aerosols were generated via reactions of various VOCs
(pinene, toluene, xylene, etc.) and OH radicals in the
ASRC slow-flow reaction chamber. Measurements were
performed with an Aerodyne High Resolution Time-of-
Flight Aerosol Mass Spectrometer (HR-ToF-AMS), an
R&P Differential TEOM, a TSI Scanning Mobility
Particle Sizer, and a Sunset Labs OC/EC monitor. In this
poster we will present information about optimal
conditions for the SOA generation in our chamber and
present measurements obtained detailing mass
concentration and size distributions. We will also
perform detailed analyses on the high-resolution mass
spectra and particle size distributions measured at
different stages of SOA evolution. Mass spectral
signatures identified in the high resolution mass spectra of
these lab-generated SOA will be compared to those
identified from primary organic aerosols, and those
identified in ambient studies.
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Characterization of Oxygenated Organic Compounds Using
a High Resolution Time-of-Flight Aerosol Mass
Spectrometer. Olga Hogrefe, Qi Zhang, Yele Sun, Min-Suk
Bae, James J. Schwab and Kenneth L. Demerjian, University at
Albany, SUNY; BRIAN P. FRANK, New York State
Department of Environmental Conservation.

A suite of oxygenated organic compounds was
characterized in the laboratory using an Aerodyne High
Resolution Time-of-Flight Aerosol Mass Spectrometer
(HR-ToF-AMS). The compounds included levoglucosan
and adipic, glutaric, glyoxylic, malonic, malic, oleic,
oxalic, palmitic, pinonic, phthalic, and succinic acids.
This work was undertaken to study the physical and
chemical properties of atmospherically relevant
oxygenated organic aerosol (OOA) components and
characterize their mass spectral signatures for potential
applications in OOA source identification and
apportionment.

Polydisperse aerosols were generated by spray-
atomization of solutions of pure organic compounds in the
ASRC aerosol research facility and were equilibrated in a
slow-flow chamber, where relative humidity was
maintained at approximately 30%. The aerosols were
sampled and analyzed with an Aerodyne High Resolution
Time-of-Flight Aerosol Mass Spectrometer (HR-ToF-
AMS), an R&P Differential TEOM, a TSI Scanning
Mobility Particle Sizer and on many occasions by a
Sunset Labs OCEC monitor. For AMS analysis, all
species were measured at a heater temperature of 600°C
and several were measured at heater temperatures of
220°C, 350°C and 800°C.

Characteristic high-resolution fingerprint mass spectra of
various organic compounds obtained in this study can be
applied to ambient databases of ambient aerosol mass
spectrometric measurements to better identify and
quantify the AMS organic mass fraction of PM and to
provide better estimates of the attribution of
anthropogenic and biogenic sources to these
measurements. In addition, mass spectra obtained at lower
heater temperatures can provide useful insights into
particle evaporation and thermal decomposition; and
potentially indicate an optimal heater temperature, leading
in turn to more detailed information on ambient organic
PM.

Instrumentation

17A.1

Met One Instruments BAM-1020 Beta Attenuation Mass
Monitor US-EPA PM2.5 Federal Equivalent Method Winter
Campaign Test Results. DAVID GOBELI, Herbert
Schloesser, Thomas Pottberg, Met One Instruments, Inc.

Recently enacted regulations by the US-EPA provide a
clear approach for manufacturers of continuous
particulate monitors to obtain designation as PM2.5
Federal Equivalent Methods (FEM). FEM designation
regulations require demonstration of substantial
correlation with minimal additive and multiplicative bias
between Candidate Method Monitors, such as the Met
One Instruments BAM-1020, and PM2.5 Federal
Reference Method (FRM) Samplers in five testing
campaigns across four geographically diverse sites in
winter and in summer.

For the winter test campaign Met One Instruments
deployed triplicate BAM-1020 PM2.5 monitors in
Bakersfield California, near Salt Lake City Utah and near
Detroit Michigan. Triplicate PM2.5 FRM samplers were
also deployed at each of these test sites. All testing
locations were pre-approved by the US-EPA as they
provide normal, diverse and challenging ambient
conditions likely to be encountered in continuous PM2.5
monitoring. Conditions encountered at these test sites
included widely varying PM2.5 concentrations between 0
and ~100 pg/m3, widely varying ambient temperatures
between -25
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Agricultural Pollutant Emissions Determined via Standard
Emission Rate Estimation Methods and Lidar Techniques.
Gail Bingham, Vladimir Zavyalov, Tom Wilkerson, Christian
Marchant, KORI MOORE, Derek Jones, Cassi Going, Jennifer
Bowman, Nikita Pougatchev, Space Dynamics Laboratory;
Randy Martin, Philip Silva, Utah State University.

Air pollution from agricultural activities, specifically
particulate matter (PM) and ammonia (NH;), may have
significant impacts on local and regional air quality,
causing the U.S. Environmental Protection Agency, the
U.S. Department of Agriculture, and several states to
recently begin large-scale agricultural source strength
investigations. Although not regulated based on ambient
concentration, ammonia may play an important role in
secondary particle formation.

Agricultural land use and management practices vary
widely, even within the same facility, which may lead to
potential source apportionment difficulties when
estimating emissions using standard methods. In order to
provide spatial and temporal resolution while determining
whole-facility PM emissions, a multi-wavelength,
scanning lidar has been developed and used to investigate
emissions from a swine facility, a dairy facility, an
almond orchard, and a cotton gin operation. Arrayed
point samplers for PM mass and particle counts were
coupled with inverse modeling (ISCST3) to calculate
facility emissions as well. Emission rates derived from
lidar measurements compare favorably with emissions
calculated using point samplers and inverse modeling.
Ammonia emissions from the swine and dairy facilities
were determined using arrayed passive samplers and
inverse modeling. A second NH; emission rate

determination method is being developed using Fourier
Transform Spectroscopy (FTS). The placement of
multiple reflectors around a facility and at multiple
elevations will allow for source apportionment and
whole-facility emissions derivation and provide a
spatially resolved data set for comparison with passive
samplers.

The combination of lidar, FTS, and point samplers
provides a measurement system capable of whole-facility
particle and gas emission rate determination and high
spatial and temporal characterization. The described
measurement system can be used to measure a wide
variety of PM and gas sources.

Instrumentation

17A.3

Laboratory and Field Studies with a Prototype Miniature
Monitor for Real-Time Particulate Mass. LARA GUNDEL,
Michael Apte, Lawrence Berkeley National Laboratory; Justin
Black, Richard White, University of California, Berkeley.

In 2006 a fully functional prototype real-time PM mass
sensor array on a microchip monitored combustion
aerosols in an environmental chamber, as well as ambient
PM in a residence in Berkeley, CA. The goal of the
project is a PM exposure-monitoring device that
produces quantitative, near-real-time measurement of PM
mass and simultaneous characterization particles from
bio-mass and diesel combustion.

The monitor determines PM as a function of time on
an array of microfabricated electronic resonant mass
sensors that are coupled to a CMOS oscillator chip.
Thermophoresis is used to direct particles to deposit on
the mass sensor. The deposit is also probed with both
infrared and ultraviolet light.

The present prototype has a volume of 250 cm3, a
mass of 110 g and consumes less than 100 mW.
Measurements made in an environmental chamber and a
residence showed good correlation with the responses of
other real-time aerosol instruments. The limit of
detection for respirable PM is currently about 10 microg
per m3 in ambient air.
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Multi-year Intercomparison of Collocated STN and
IMPROVE Monitors. JAMES FLANAGAN, R.K.M. Jayanty,
Larry Michael, Ed Rickman, Jr., RTI International; Paul
Solomon, Jeffrey Lantz, U.S. EPA; Charles McDade, University
of California, Davis.

Two national fine particle chemical speciation monitoring
networks - the Speciation and Trends Network (STN) and
the Interagency Monitoring of Protected Visual
Environments (IMPROVE) network - are currently in
operation across the U.S. These networks were designed
to obtain information about the chemical composition of
ambient fine particulate matter less that 2.5 micrometers
in aerodynamic diameter (PM2.5). The STN is a subset
of a larger EPA monitoring network initiated in 1999,
which consists of the STN and SLAMS (State and Local
Air Monitoring Stations) sites. The STN sites (54) were
established to track long-term trends and support
implementation of the National Ambient Air Quality
Standards (NAAQS). The SLAMS sites (currently ~125)
were established primarily to support NAAQS
implementation. The IMPROVE network was initiated in
the late 1980's to remedy existing visibility impairment in
Class I areas and prevent future visibility impairment.
The network began collecting samples in 1988 and at its
peak contained nearly 175 sites.

The basic principles for sampling and chemical analysis
are similar for the two networks. However, differences
exist, due in part to their different objectives and goals.
Since PM2.5 is well established as a regional pollutant,
modeling and data analysis efforts to support NAAQS
implementation are significantly enhanced by combining
data from both networks. Understanding this need and
the potential impact of differences in network protocols,
EPA instituted a 3-year six-site (three urban - rural pairs)
methods comparison study. Each site consisted of an STN
and an IMPROVE sampler operated according to their
own sampling and analytical protocols.

This paper summarizes results of the three year study,
including some significant, consistent differences between
the two networks, attributable to specific differences in
sampling or analytical protocols.

Disclaimer

Although this work was reviewed by EPA and approved
for publication, it may not necessarily reflect official
Agency policy.
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17A.5

Sub-Micrometer Mass Measurement in Near-Real Time
Using Portable TEOM Technology. JON C. VOLKWEIN,
James D. Noll, Robert P. Vinson, National Institute for
Occupational Safety and Health.

A miniaturized direct mass-measuring sensor, known as a
tapered element oscillating microbalance, has recently
been developed and tested in US and Australian mines to
measure coal mine dust. This Personal Dust Monitor
(PDM) was developed by Rupprecht and Patashnick Co.,
Inc. (now Thermo Fischer Scientific, Waltham, MA)
under contract from the Centers for Disease Control and
Prevention (CDC), National Institute for Occupational
Safety and Health (NIOSH). The PDM is capable of
measuring in near-real-time many types of acrosols
regardless of particle size, chemical composition or
refractive index. Currently, a respirable size selective
cyclone defines the mass fraction that is of interest in the
prevention of coal workers pneumoconiosis. We were
interested in measuring the sub micrometer fraction of
coal mine aerosols as an indicator of diesel particulate in
the presence of coal dust for engineering control
purposes.

Laboratory chamber tests were conducted with a Model
1400 TEOM and a modified PDM each containing a 1
micrometer sharp cut cyclone followed by 0.8 micro-
meter impactor. Diesel, coal and mixed coal and diesel
aerosols were measured with both instruments and
compared to respirable, and sub micrometer gravimetric
mass and carbon composition of the chamber aerosols.

Results showed the LOQ of the PDM using new filters
was 39 micro-g. The LOQ of gravimetric filter mass
measurement was 59 micro-g. The PDM has a filter
loading limit with pure diesel particulate about 0.9 mg
prior to filter pressure drop reducing the flow rate.
Simultaneous TEOM sub-micrometer and respirable mass
measurements were demonstrated to show relative
contributions of coal and diesel to the total aerosol
concentration in near-real time.
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An In-Line Virtual Impactor Pre-Separator for Bioaerosol
Sampling Inlets. SATYA SESHADRI, Andrew R. McFarland,
Texas A&M University.

A typical near-real-time bioaerosol detection system
consists of a size selective inlet, a concentrator or
collector (e.g., virtual impactor or cyclone), and some
form of analyzer. A new type of pre-separator, an Inline
Virtual Impactor (IVI), is used to strip large particles from
the sized distribution transmitted through the inlet to the
other components. A dual cone configuration encased in
a tube provides a characteristic circumferential slot of
width 0.254 mm (0.1-inches) and a slot length of 239 mm
(9.42-inches) at the critical zone of the IVI. The top cone
accelerates the flow to an average velocity of 3.15 m/s at
the throat formed by the base of the upper cone and
internal wall of the tube, while the bottom one directs the
major flow toward the exit port and minimizes
recirculation zones that could cause flow instabilities in
the major flow region. The Inline Virtual Impactor has a
cutpoint of 10 micro-meter acrodynamic diameter and
delivers the fine particle fraction at a flow rate of 100 L/
min. Cutpoint Stokes number is 0.73 and pressure drop is
45 Pa. Good agreement is obtained between numerically
predicted performance and that observed experimentally.

Instrumentation

17D.1

DMA-APM Fitting Algorithm for Experimental Data.
MARK S. EMERY, Mark R. Stolzenburg, Peter H. McMurry,
University of Minnesota.

The differential mobility analyzer (DMA) is used to
measure particle mobility diameter and the aerosol
particle mass analyzer (APM) is used to measure particle
mass. Used in series, the DMA and APM allow for a
comprehensive analysis of mobility and mass, including
measurements of particle density [1].

A least-squares fitting procedure is presented for data
taken with the DMA-APM system. Four parameters are
adjusted to best-fit theory to the experimental data, in a
method similar to that used in the TDMAFIT of
Stolzenburg and McMurry [2] for the tandem-DMA
system. The four parameters include adjustments for
height, position, width, and skewness.

The height parameter corresponds to the upstream particle
concentration when that is not known or, when it is,
adjusts for particle loss beyond that predicted by the
theoretical DMA and APM transfer functions. The
position parameter defines the mean mass associated with
any given particle mobility and corresponds to effective
particle density. The width parameter takes into account
any variation in particle density [3] as well as extra spread
in the actual DMA and/or APM transfer functions due to
non-ideal equipment performance. Finally, the skewness
parameter arises from second order assumptions about the
nature of variations in particle density.

[1] P.H. McMurry, X. Wang, K. Park, and K. Ehara. The
relationship between mass and mobility for atmospheric
particles: A new technique for measuring particle density.
Aerosol Science and Technology, 36:227
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17D.2

Nucleation Rate Standard. MICHAEL P. ANISIMOV,
Vladimir A. Postnikov, Institute of Chemical Kinetics and
Combustion, Siberian Division of the Russian Academy of
Sciences. Novosibirsk, Russia; Philip Hopke, Clarkson
University.

Recent findings suggest that homogeneous nucleation is
common to many different technologies. Nucleation is
most commonly described by classical nucleation theory
(CNT). While CNT qualitatively predicts reasonable
results, it cannot be used as a quantitative tool in science
and technology. The modern state of theory and
experiments on homogeneous nucleation has been
reviewed by several researchers, for example, [1]. A
number of different theoretical alternatives have been
proposed. On the other hand, experimental proof of any
nucleation theory presents problems because the internal
consistency of the experimental data is weak. Vapor-gas
nucleation results illustrate up to 10 orders of magnitude
deviations from theory [2]. One of the open questions is
whether pressure or nature of the carrier gas, i.e. inert gas
where supersaturation and nucleation of specific
substance occurs, affects the nucleation process.

It is well known that one-component nucleation systems
generate a nucleation line for isothermal conditions.
Binary systems produce nucleation rate surfaces under
isothermal condition. Our preliminary concept assumes
that vapor-gas nucleation needs to be considered as a
binary system. In the common case, one needs to collect
data representing the nucleation rate surface for vapor-gas
system for isothermal conditions. That idea has the
potential to clarify the causes of the experimental data
inconsistencies. Consistent data on nucleation rate would
provide the ability to introduce a standard system to test
any experimental system for vapor-gas nucleation
research. Data inconsistencies from different devises are
the strongest reason to establish a nucleation rate
standard. The existing results on nucleation rate do not
have sufficient reliability [3, 4]. A reliable standard on
nucleation rate will raise the validity of experimental data
interpretations and nucleation theory verification.

1. M.P. Anisimov. Russian Chemical Reviews 72(7), 591,
2003.

2. R. Strey, et al. J. Chem. Phys. 84(4), 2325, 1986.

3. M.P. Anisimoyv, et al., J. Aerosol Sci., 25(1), 23, 1994.
4. A.-P. Hyvorinen, et al. J.Chem. Phys., 124, 224304,
2006.
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High-flow Rate Water Condensation Growth Cell for
Particle Collection. GREGORY S. LEWIS, Susanne V.
Hering, Aerosol Dynamics Inc.

We present a method for growing and collecting
fine aerosol particles at flow rates of 10 to 30 lpm and
possibly higher. An aerosol flow is first chilled by a cold
walled conditioner, and then introduced into a hot wet-
walled condenser. Because water vapor diffuses more
rapidly then heat, the air vapor is supersaturated resulting
in particles large enough to be collected by impaction.
This method of particle growth is the same principle
employed by water-based condensation particle counters,
marketed by TSI (models 3781, 3782, 3785, and 3786).
In order extend this technology to high flow rates from 30
to 100 Ipm, we use a parallel plate geometry rather then
the tubular geometry of the TSI instruments. We present
modeling and experimental results of the particle growth.
By controlling the plate separation and temperatures we
are able to control both the minimum activation size of
the aerosol particles and the final diameter. Both butanol
and water-based condensation particle counters show a
concentration effect due to the latent heat of
condensation warming the flow and reducing the
supersaturation at high concentration. By controlling the
final particle size and the rate of growth, we can minimize
this concentration effect.

Our method of particle collection provides a number of
other advantages. Particle bounce off the impaction
surface can be eliminated by controlling the temperature
of the impaction surface so as to maintain a thin film of
water on the surface. Particles can also be collected into a
small liquid vial containing less then 1 ml of fluid, which
eliminates the need for particle extraction from filters or
resuspension from surfaces, it minimizes the total volume
of the sample, it allows for continuous automated
collection and analysis.
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