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Aerosol modelling: Aerosol effects on climate

Aerosol modelling: Nucleation

Aerosol modelling: Processes and transport

Aerosol modelling: Sources and their impacts

Aerosol optical properties

New particle formation: Atmospheric Studies

New particle formation: Modelling

Optical properties /Remote sensing of aerosol properties

Particle charging and control

Physical and chemical particle properties and characterization
Physical and chemical properties — Thermodynamic properties of atmospheric
aerosols

Physical and chemical properties- Physico-chemical characterisation
Physical and chemical properties: Regional and temporal patterns of aerosol
distribution/ Climate effects of aerosols

Carbonaceous aerosol

Charged aerosol generation

Dosimetry and lung physiology

Fundamentals: Aerosol Deposition and Filtration

Fundamentals: Coagulation and Aggregation

Fundamentals: Nucleation & Aggregates

Fundamentals: Particle dynamics

High-temperature & Nuclear aerosol

Spectrometry
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Atmospheric chemistry: AMS
Atmospheric chemistry: Analytical techniques

Atmospheric chemistry: Field measurements
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Atmospheric chemistry: Field measurements /Indoor

Atmospheric chemistry: SOA |

Atmospheric chemistry: SOA 11

Atmospheric chemistry: SOA model
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Studies on SOA precursors and partitioning, and isoprene chemistry
EUCAARI: Aerosol Composition studies

EUCAARI: Aerosol properties and impacts
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EUSAAR: Result from aerosol in-situ networks

EUSAAR: Techniques and methodologies for monitoring aerosol properties
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Urban aerosols — PM Characterization

Urban aerosols - Source Apportionment

Urban aerosols - Source Apportionment and Characterization

Urban aerosols - Traffic 2

Urban aerosols -Traffic

Volcanic ash special session

PMXx: Physico-chemical analysis

PMXx: variations in time and space
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Instrumentation

Instrumentation development |
Instrumentation development Il
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Instrumentation Testing

Integrated gas phase processes
Measurement Methods
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Small scale and industrial studies
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Marine Aerosols

Marine aerosols / Carbonaceous aerosols
Mineral dust

Radioactive aerosols
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PM and health

Particle Exposure and Health Effects

Linking ambient PM concentrations with epidemiologically derived response
functions

Toxicolocial effects of particles

FTBER G Y

Aerosol, CCN, and Liquid Clouds |

Aerosol, CCN, and Liquid Clouds Il

Aerosol, Clouds, and Precipitation
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Biomass burning
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Application of Engineered Nanoparticles

Fundamentals and measurement of nanoparticles
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Structuring of engineered nanoparticles
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Nano/Pharma
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A methodology for assessment of combined effects of particles and noise on
humans during controlled chamber exposure

Exposure of newborns to high PM concentration affects “acquired susceptibility”,
determining an increased prevalence of “susceptible individuals”

Toward comprehensive pollen aeroallergen exposure assessment

Methodology for assessing associations between exposure to generated airborne
particles and health effects in residential

Characterization of particle emission from household products

Seasonal Comparison of Indoor Air Quality at Elementary School Classrooms in
an Industrial City, Korea

Fine and ultrafine dust concentrations in vehicle interiors

Correlations between PM1 and other emission components in small-scale wood
combustion

PM emissions from old and modern biomass combustion systems and their
health effects Part 1: Determination and characterisation of PM emissions

PM emissions from old and modern biomass combustion systems and their
health effects Part 2: Toxicological Characterization of PM emissions
Immunotoxic and genotoxic effects of particles emitted from smallscale wood
combustion

The effect of a catalyzer on PCDD/Fs, chlorophenols and chlorobenzenes in
wood combustion

Physicochemical characterization of fine particles from small scale wood
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Comparative analysis of chemistry transport simulations of a particulate matter
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Urban plumes - Implications for climate and health Urban street canyons, Air
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Climate-induced changes on PM2.5 related premature mortality in 2050 over the
us
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Using CMAQ: A Decade in Review
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Uptake and effects of nanoparticles in lung epithelial cells
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Scale Facility
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Local exhaost ventilaton (LEV) is widely
used in industry to control airborne contaminants. So
far, we have identified no relevant research that has
specifically sought to evaluate the effectivensss of
LEV against new nanoparticle challenges although it
could in principle be used to control exposure.
However, there is 0o reason to expect that application
of LEV to nanoparticle generation processes will
result m as effectively as it was previously
demonstrated in gases and micro-scale aerosol
particles(Bemer, 1998). Therefore, the main
objective of this study was to ewvaluate the
effectiveness of local exhaust systems for
nanopatticles.

In present study, a spray-drying type aeroscl
generator was used to generate nanoparticles with
diameter between 4 ~ 100 nm to evaluate the capture
efficiency of LEV systems. A particle size
spectrometer, engine exhaust particle sizer (EEPS),
was used to conduct the LEV performance testing.
Two asrosol emitters, outlet A & B with different
emission velocity and direction were used to evaluate
the LEV capture efficiency. The capture efficiency
of the LEV system was alse evaluated using a tracer
zas (SF6 diluted i air) method A -~30 m3
mechanically ventilated test cabin was set up as
showed in Fig. 1.
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Figure 1. Experimental set-up

Preliminary test results showed that the capture
efficiency did not vary significantly as a function of
particle size for nanoparticles. The results did not
reveal any significant difference between the
efficiencies measured using the tracer gas (SF6) and
nanoparticles (Fig. 2), and different nancparticle
diameters(Fig. 3).
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Figure 2. Capture efficiency measured using
nanoparticle and SF6 methods.
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Figwe 3. Capture efficiency measured in
different nancparticle diameters.

Another test showed the nanoparticles almost capture
by the LEV systems in well control conditions of the
push-pull{Huang et al. 2005) and air curtain fume
heood (Huang, 2007) LEV systems.

Bemer, D, J. P. Muller, and J. M. Dessagne,
“Comparison of Capture Efficiencies Measured
by Tracer Gas and Aeroscl Tracer Techmeues.”
Indoor Air. 8: 47-60 (1998).
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Fume Cabinet with Considerations of ifs
Aerodynamics.” Ann. Occup. Hyg., Vel 31(2):
189-206(2007)
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It 15 desirable to have a sampler which collects
many PMjp and PM; s samples at the same time for
the subsequent gravimetric as well as many different
kunds of chemical analysis. A novel multi-channel
PMy-PMa s sampler (MCPPS), which enabled the
collection of four PMy; and four PMi: samples
simultaneously. was developed. The sampler used a
PMypimpactor and a PMs s impactor in series with the
oil (Dow Corming 704 diffusion pumyp oil) coated
glass fiber filters as the impaction substrates to
reduce solid particle bounce. An active flow control
system was introduced to adjust the actual sampling
flow rate according to the ambient pressure and
temperature. The MCPPS was calibrated in the
laboratory for sampling efficiency curves and the
field PM concentrations were compared with those of
the collocated reference samplers including
Dichotomous Sampler (DICHOT, SA 241. Thermo
Andersen) and EPA WINS PM;; sampler (Well
Impactor Ninety-Six, Partisol FRM. Model 2000,
Thermo Fisher Scientific Inc.).

As shown in figure 1, the aerosol is drawn from
the ambient air mto the MCPPS through the PM;g
impactor at 33.4 L/min first. The flow is then divided
into two streams of equal flow rate of 16.7 Limun by
a flow separator, one of which is led to four PM;p
filter cassettes while the other is introduced to the
PMa 5 impactor. After the PM1 5 impactor, the PMa s

samples are collected by the other four filter cassettes.

An orifice 15 assembled behind each filter cassette to
increase the pressure diop of each sampling line
which malkes the flow rates through all channels even
with a relative difference less than 2% when the
filters are Teflon media (Teflo R2ZPLO37. Pall Corp..
USA). Thus, the MCPPS samples at a vniform flow
rate of 4.17 L/min through each of the 8 filter
cassettes.

In the laberatory, calibration results showed that
the cutoff aercdynamic diameter of the PM; and
PMis impactors were 9.8=0.1 and 2.3=0.05 pm,
respectively. for liquid oleic acid particles. For solid
KC1 particles, the comresponding cutoff diameters
were 10.2=0.2 and 2.5202 pm. respectively. These
results revealed that the sampler was able to collect
PM samples accurately and oil coating reduced the
solid particle bounce effectively.

The results of field comparison tests showed
that the collected PMpy or PMas concentrations
between sampling channels were uniform with a
relative standard deviation about 3% or 4%,
respectively. Figure 2 shows the comparison of the

PMa s concentrations between the MCPPS, DICHOT
and WINS PM:s samplers. which indicates the
sampled PM;; concentrations agreed well with the
other two reference samplers. The PMy
concentrations also agreed well with the DICHOT
sampler (data not shown). The ANOWVA tests showed
no significant differences (P > 0.053) between the
samplers for both PMjy and PM,s concentrations.
The collect PM samples will be analyzed for
different chemical components to study the sampling
artifacts of the traditional PM samplers that use ocne
only PM:g or PMas sampling filters for the analysis
of many different chemical components.

334 Lpm
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PM- : Impactor

Filter
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Figure 1. Schematic diagram of the MCPPS.
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The aim of this study 1s to develop an aerosol
generating system that can produce particles of
nanometer size in a convenient and efficient way.
Zn0  nanoparticles were produced by high-
temperature furnace using commercialized zinc
powder as the raw material and oxygen in the dry
filtered air as the reaction gas.

The particle size generated by
evaporation/condensation  method 45 primarly
determined by different temperature profile, flow rate
of carrier gas and location of the boat for bulk
material aleng the reaction tube (Scheibel &
Porstendorfer, 1983; Damouwr, 2005; Jung ef al., 2006;
Ku & Maynard, 2006). Although the method of zinc
oxide particle generation has been studied. a
systematically investigated and sintering  for
predicting  particle  size  generated for easy
applications has not been reported.

The experimental setup in this study consisted
of three subsystems including the primary ZnO
nanoparticle generation furnace, the secondary
furnace for particle sintering and particles monitoring
system. A quartz tube through the primary furnace
served as a reactor, and commercialized zinc
powders were put in a quartz boat. The zinc powders
were evaporated and carried by nitrogen gas and
subsequently reacted with oxygen supplied by
compressor  air. The gas stream  with ZnO
nanoparticles was then introduced into the secondary
furnace for simtering the particles. The size
distribution and concentraticn of ZnO  particles
generated were monitored at cutlet of the secondary
furnace by scanning mobility particle sizer (SMPS,
TSIInc., St. Paul, MN, US.A).

The first objective was to assure that the
system could generate a series of specific size of
nanoparticles for comparison of the effect of different
size. While setting a series of particle size ranges
from 20 to 100 nm. the actual particle generated
could be very close the cbjective size by simply
adjusting the furnace temperature, reaction air flow
rate and nitrogen flow rate. The size distribution
curves of ZnO nancparticles with ten nanometer
mode difference were shown in Figure 1. The
comresponding generation parameters of the system
were summarized in table 1.

Q .-«..mz.‘.‘.’;.;.;‘:M
4 = 878 m ;m ;a0 =0 omn o
Mcbilly hamatar d, (nmi

Figure 1 The size distribution of ZnO nanoparticles
at difference condition.

Table 1. The generating parameters for specified size
distribution of Zo0 nanoparticles. (4 g zinc powder)

MNa Reaction Dilution Furnace Mode
(L/min) air air temperature  (nm)
(L/min)  (L/min) (C)

1 ] 10 480 19.0

3 5 25 500 313

2 5 25 500 40.2

1 2 10 500 515

1 2 10 510 303

1 2 10 530 71.3

1 2 25 500 102

Another way to adjust the particle size is to
control the secondary furnace temperature. A series
of data was obtained by setting carrier gas and
dilution gas flow rate in 2 L/'min. In addition to The
morphelogy vanation of Zn0 nanoparticles after
sintering process was examined with transmission
electron microscopy (TEM) photograph.

This work was supported by the Institute of
Occupational Safety and Health (IOSH). Taiwan
under grant IOSH97-H322.
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This study measured nanoparticle exposure at The mass median aerodynamic diameter
three different workplaces, including an epoxy (MMADs) ranges from 4.6 to 6.1 um as shown in
molding compound plant, a synthetic rubber plant Table 1. This indicates that in terms of mass, airborne
and a calcium carbonate manufacture plant. Nano- particles in the thres wo[’kp]a&_\g are  mostly
sized (PMq,) and respirable particle mass (RPM) respirable rather than nanc-sized particles. Particle
concentrations were measured by micro orifice number  distributions  will be reported in  the
uniform deposit impactor {(MOUDI), 10SH cyclone conference.
and TSI SMPS. In the epoxy molding compound

- . , 6000 T T T T
plant, nanc-silica particles were fed to the ball mill ! T '
apaxy mnldlng compound plant
machine for mixing. In the synthetic rubber plant and | — - - synthetic rubber plant _

_ ——— - calcium carbonare manufacture plant

calcium  carbonate  manufacture plant, generated
L]
powders were bagged by bagging machines. Figure 1 .g 4000 — - n
1 .
and Table 1 shows that pano-particle mass & i |
=
concentration in the synthetic rubber plant was the =
highest (average value is 10.0 pg'm®), followed by £ 2000 .
epoxy molding compound plant and calcium
carbonate plant, whose average concentrations were L
. N X i L - N
2.0 pg/m’ and 1.5 pg/m’, respectively. Diesel forklift 0 T e
i o ) ) 10 100 1000 10000 100000
was used for delivering bags, which led to the highest Aerodynamic diameter, nm

Figure 1 Mass distribution measured by MOUDI

nanoparticle concentration. For RPM concentration, at different workplaces

the highest concentration occurred in the epoxy

molding compound plant (average value is 1933 Table 1 Particle concentrations at  different
ng/m'y followed by the synthetic rubber plant and workplaces
calcium carbonate plant, whose concentrations were Site Epoxy o
. e CaCO,
159 pe/m’ and 154 pe/m? ively. The molding Synthetic manufacture
99 pg/mand 1ad pg/on, respectively. There was a Item compound | rubber plant pl':m .
closed space without any general ventilation in the plant )
) RPM cone. . |

epoxy molding compound plant, thus RPM (ue/m’) 19331105 15952 154474
soncentrati *h higher tha e other tw PMj ; cone.
concentration was much higher than the other two [ 0;:_::];'1\{-:-‘; 20417 10.043.4 1.540.4
plants. Moreover, local ventilation was utilized in the r\t]lMaD

. . S . . A 4611£1671 | 61461700 | 5232£1767
outlet of the bagging machines for reducing particle (nm)
emission, therefore RPM  concentrations in the GSD. o 3364025 | 2974021 | 2704056
bagging areas of other two plants were much lower
as compared to the epoxy molding compound plant. GSD: geomelric standard deviation
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Bioaerosols could be generated during dental
procedures and pose a hazard to dental health care
wotkers. Some methods were used te control the
emissicn of bioaerosols during in the dental clinics.
The performance of these comtrol methods were
evaluated in this study. including chlerhexidine
mouth washes and the air cleaner which were widely
used in Taiwan dental clinics.

A three-chair dental clinic with a dentist and
three dental assistants was selected to conduct the

study. The clinic is 11.5%3.9%2 8 m and about 125 m".

An air cleaner with a HEPA filter located near the
end of the chairs was operated with a flow rate of 360
mhr. A commercial chlothexidine mouse rinse
(Logothetis & Martinez-Welles, 1993; Netuschil &
Brecx, 2005) was applied to some of the patients
before the dental treatments. The control group used
the tap water as the mouse rinse.

The bioaerosols at the chair side, preparing
bench (1.3 m apart from chair side). and outdoors
were collected by the MAS 100 bicaeroscl samplers.
Bacterial colonies were identified by the apim kats.

Figure 1 shows the bacterial bicaercsol
concentrations during the afterncon of a busy-
working day. The air cleaner turned off first. and the
bioaerosol concentrations at the chair side were
found to be higher than those at the preparing bench
area (p=0.045). When the air cleaner tum on, there
was no statistically-significant difference between the
bioaerosol concentrations at these two sampling sites
(p=0.123). However, the indoor concenfrations were
significantly higher than outdoors (p<0.001).

The concentrations in the mouse wash
samples of patients were about 3*10° CFU/ml before
chlorhexidine mouse rinse apphcation and dental
treatments. No colony was recovered after the
chlorhexidine mouse rinse was used, even after the
dental treatments. The detection limit was as low as
10 CFUiml.

There is no statistically-significant difference
between the bicaerosol concentrations measured
before and during the dental treatments when the
chlorhexidine mouse rinse was used (p=0.433).
However, the concentrations increased after the
dental treatments were applied for the control group

(p=0.023).
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Figure 1. Bacterial bicaerosol concentrations during
an afterncon with four dental treatments.

The prevalent bacterial species in the
bicaerosol samples were Micrococcus spp. (22.8%)
and Staphylococeus xylosus (21.3%). both of which
were emitted from the skin of human body. Duning
the scaling treatment without chlorhexidine mouse
rinsing, airborne Pasfeurslla pneumotropica and
Serrvatia liguefaciens could be found, which might be
regarded from the mouse of the patients and
pathogenic to human. Those species did not appear
when the patient used chlorhexidine mouse rinse
before dental treatments.

The bicasrosols concentration at chair side
would not be higher than those at bench when the ar
cleaner tumed on. However, the concentration were
still higher than these outdoors. and the efficiencies
of the air cleaner should be further studied when
applied in the dental clinics. The usage of
chlorhexidine mouse rinse could contribute to the
control of emission of oral microorganisms and
decreased the airborne bacterial concentrations.

This work was supported by the Taiwan
Institute of Occupational Safety and Health, wnder
grant IOSHY8-H313.
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Netuschil, L., Rewch E., & Brecx, M. (2005). Journal
af Clinical Periodontology, 16, 484-8.
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The electrostatic precipitator (ESP) is widely
used in industry as an indoor air cleaner and duost
collector. In general, it is characterized by its low
pressure drep, high collection efficiency of small
particles, and high dust concentration handling
capacity. However, an ESP not cnly collects particle
but also generates particle in specific conditions
{Alonso et al., 2006). The basic concepts of an ESP
are to charge particles at first and collect particles by
the following electric field. The particles are charged
by the corona discharge. In a corona discharger the
electric field strength 1s high enough to ionize air
molecules. Therefore, the 1ons could get high energy
to collide with discharge wire and particles are
knocked out by the collisions (Biris et al., 2004). The
ESP type air cleaner could become a particle
generator if the ESP is not well desizned and
operated. The purpese of this study was to
characterize the factors which affect the particle
generation of an electrostatic precipitator.

A lab-scale wire-plate ESP was designed and
constructed  to  study  its  aerosol generation
characteristics. The discharge wire was made of 0.1
mun stainless steel and the collection plates were
made of aluminum.  Particle number concentration
and size distribution were measured by a SMPS. The
air temperature before and after ESP were monitored
by two k-type thermal couples. Particle number
concentration and size distribution data obtained
the power-on and power-off modes were used to
estimate the particle generation of the ESP. Scanning
electron microscopy and energy disperse X-ray were
used to analyze the geometry and chemistry of the
generated particles. The particle generation of the
ESP was measured vander different air flow rate, air
velocity, field strength temperature and applied
voltage.

The air temperature after the ESP was higher
than the upstream air due to the heat added by the
corona discharge. Apparent erosion on the discharge
wire after the tests was observed from SEM pictures,
as shown in Figure 1. It i5 indirect evidence that
particles were knocked out from the discharge wire.
Electron microscopic photos showed that the
nanoparticles generated by corona discharge ranged
from nanometers to sub-micrometers, as shown in
Figure 2. which agreed quite well with the SMPS
meastrements. The particle generation rate increased
with increasing air temperature, operation time,

electric current and field strength. but decreased with
imcreasing air velocity and the distance between wire
and collecticn plates. The particle generation rate
Wwas very sensitive to air temperature. That may be
partly due to the mean free path of air molecule
varied with changing air temperature.
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Figure 1. SEM image of discharge wire after use.

Figure 2. TEM image of nanoparticles generated
from corona discharge
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