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Features

From the President
Last winter we
surprisingly
got
beautiful
snowfall
island wide in Taiwan.
Mountains
with
altitudes higher than
1,000 meters were
covered with white
snow, which made last winter the coldest in the
past five decades. The snowfall, I thought,
has just reminded us of the power of nature,
and the need of more gratitude for what we
have indeed.
Let’s pray for having a
prosperous Rooster year!
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To begin with, I would like to express my
sincere appreciation to all the members for
your kind supports in the past year. In
particular, I thank you all for your enthusiastic
involvements in the activities held by the
associations. This year, we still have several
important missions to accomplish. First of all,
we will pass the bylaw of each committee to
strengthen the function of the committees,
which could excavate more passages and thus
attract more attention from the members
through the involvement of the committees.
By doing so, we can achieve the goal of a unity
between the Association and the members.
Second, with the big success of the Second
Youth Camp, the Third Youth Camp will be
held in early July. The three-day camp will be
held in Taichung, and the HungKuang
University will be hosting the event. Young
scientists and college students are welcome to
join the camp and please inform those who are
interested to register as soon as possible. It

CAART Newsletter is a quarterly publication by the
Chinese Association for Aerosol Research in Taiwan
News, reader’s
comments, and
subscription request for
non-members should
be sent to H. Jasmine
Chao, editor-in-chief,
hchao@tmu.edu.tw
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surely will be a very informative and
rewarding trip.
As for the Annual Meeting of CAART
and the Twelfth International Conference of
Aerosol Technology, this year it will be
organized by the Research Center for
Environmental Changes (RCEC), Academia
Sinica. I thank Director Liu and Dr. Lung
from RCEC as they have had put on plenty of
time and efforts to set up an innovative
technical program of the international
conference. Moreover, we are very pleased to
have President Yuan-Tser Lee of the Academia
Sinica, as our special guest, to deliver a speech
during the opening ceremony. Another good
news is that the administrator of Taiwan EPA,
Dr. Dru-En Chang, and the deputy general, Ms.
Sun-Ching Her, have agreed to financially
support the annual meeting after we paid a
formal visit in early March. They will also
give a keynote speech entitled “The
management of ambient aerosol particles - an
administration view,” in a specialty section
during the conference.
Finally, the CAART has been working
with the China Particle Association to
co-sponsor “the First Cross-Strait Aerosol

moment. We will keep you informed of the
important dates, events, and so on, and we
always welcome your comments and
suggestions! Best wishes to you and your
family.
President of CAART
Prof. & Dr. Chung-Shin Yuan
Spring 2005

Enjoy the
Beautiful
Spring!!

Conference”, which will be held either in
Kwuen-Ming,
Yung-Nan
Province
or
Huang-San (Yellow Mountain), An-Huei
Province. The conference themes are Asian
dust storm, aerosol sampling and analysis, and
aerosol control technology. The two possible
conference dates are: the end of this year or the
early spring of next year, though the time of
the conference has not been finalized at this
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Editorial Note
Dear Members:
Greetings!! In the beginning, I would
like to express my deepest appreciation to the
authors of this issue’s newsletter.
Their
contribution makes our newsletter more
interesting and informative.
In this issue’s Aerosol Information Update,
Dr. Hsiao-Hsuan Mi at the Department of
Environmental Engineering and Science, Chia
Nan University of Pharmacy and Science
reviewed several aerosol-related books for us.
Dr. Pei-Shih Chen at the Institute of
Environmental Health, National Taiwan
University introduced the state-of-the-art
technologies for bioaerosol measurement.
Regarding Aerosol Research Laboratory, Dr.
Chang-Yu Wu at the Department of
Environmental
Engineering
Sciences,
University of Florida gave us a detailed
introduction to his laboratory and current
research projects. In addition to top aerosol
research and development, their team also
develops interactive web-modules to enhance
aerosol education, including “Cyclone” for
particle collection, “Optical Particle Counter”
for size distribution measurement, and
“Respiratory Deposition” for health effect. It

the CAART members. Thank you very much
for your support and help.
Best regards,
Editor-in-Chief H. Jasmine Chao
Editor Pei-Shih Chen

Announcement
The CAART has completed organization
self-evaluation in March and sent to
Department of Social Affairs, Ministry of
Interior. The second meeting for the board
members was held on January 15th, and the 3rd
meeting will be held in May. The Third Youth
Camp will be organized by the HungKuang
University in early July for 3 days. Detailed
agenda and programs will be emailed to the
members once being finalized.

12th CAART Annual Meeting &
Conference

is a must-see for all aerosol-related educators.
In order to make our newsletter a more
valuable reading, we would like to invite all of
the members to share your research or new
aerosol knowledge with us. In addition, we
sincerely hope that you will update your or
other members’ recent move (e.g., job changes,
awards, promotions) with us, to make the
newsletter a good communication channel for

Abstract and full paper submission deadline:
6/15/2005
The 12th CAART Annual Meeting &
Conference will be held on September 30 and
October 1, 2005 in Taipei City at the Activity
Center of the Academia Sinica. The abstract
and full paper submission deadline is
6/15/2005 and deadline for early bird
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registration is 7/30/2005. All abstract/paper
submission and registration will be carried out
on-line. Detail information can be obtained at
http://aerosol.rcec.sinica.edu.tw.

considered.
Submission of Nominations:
Nomination of the award must be made
by an Asian aerosol scientist with at least three
letters of recommendation highlighting the
candidate’s contributions to aerosol science and
technology. Nominations, reference letters, and
supporting documents including nominee's
curriculum vita and 3 best published papers
must be received electronically no later than 4
months before the AAC , at the award
committee:

Call for Nominations
Asian Young Aerosol Scientist
Award
The Asian Young Aerosol Scientist
Award recognizes outstanding contributions to
aerosol science and technology by a young
aerosol scientist in Asian Countries. The
purpose of the award is to promote aerosol
researches by young scientists in Asia.
The award is jointly sponsored by TSI
Inc., members of the Asian Aerosol Research
Assembly (AARA), and contributions from the
organizer of the Asian Aerosol Conference
(AAC), aerosol organizations, aerosol related
companies or individuals. The award, which
consists of a cash prize and plaque, will be
presented at the Asian Aerosol Conference
(AAC). Any Asian aerosol scientists who
satisfy the following conditions are eligible to
be nominated, except members of the Award
Committee:

Prof. Chuen-Jinn Tsai
Chair of the award committee, Asian Young
Aerosol Scientist Award
Institute of Environmental Engineering,
National Chiao Tung University
No. 75, Poai St.
300, Hsin Chu, Taiwan
Phone: +886-3-5731880
Fax: +886-3-5727835
e-mail: cjtsai@mail.nctu.edu.tw
All aerosol scientists in Asia are encouraged to
submit nominations for this award. If you have
any questions, please contact the Chair of the
award committee.

(i) Nominee must not be over age of 40 (i.e.
must be before his or her 41st birthday) at
the time of nomination.
(ii) The nominee must have been working in
Asian countries for at least the last 5 years
since the date he (she) obtained his Ph. D.
Candidates without a formal Ph. D. but
with significant contributions to aerosol
science and technology will also be
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Aerosol Information Update
Book Review

and Transport Emissions; Pollution
Engineering; Pollution Management and
Control; Policy of Strategic Issues; Air
Pollution Modelling; and Data Acquisition and
Analysis.

Edited by: Hsiao-Hsuan Mi, Associate
Professor, Department of Environmental
Engineering and Science, Chia Nan University
of Pharmacy and Science
Email: mihh@mail.chna.edu.tw
Reference Sources: http://www.amazon.com
and http://www.wiley.com

Product Description by www.amazon.com
Title: Analyses of Hazardous Substances in
Air
Written by: A. Kettrup
Publisher: Wiley-VCH
Published: August 2004
ISBN: 3-52727018-3
Begins a series translating explanations of
determining concentrations of noxious gases
and vapors developed since 1976 by the
Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work
Area (Germany). Volume one contains three
general chapters and descriptions of 16 of the
77 methods, which tend to be precise and
lengthy rather than cheap and quick.
Annotation copyright Book News, Inc.
The analysis of the levels of hazardous
substances in the air inhaled by workers in the
chemical industry and similar working
environments is vital in monitoring adherence
to statutory concentration limits and protecting
the workers from the adverse effects of such
substances. This volume contains 15
standardized methods for the determination of
chemical compounds in the air of the work
area. All methods are suitable for routine use.
They meet exceptionally high standards of
reliability and reproducibility. Considerable
emphasis is placed on sample collection

Title: Air Pollution (Advances in Air
Pollution)
Editor: C. A. Brebbia
Publisher: Wit Pr/Computational Mechanics
Published: April 2005
ISBN: 1-84564014-4
Twenty-eight papers from the September 1995
conference discuss air pollution models and
environmental modelling; turbulence and
diffusion; wind flow and dispersion modelling;
chemical processes; chemical transformation
modelling; and interaction of modelling with
experiments. Annotation by Book News, Inc.
This volume contains over sixty-five
state-of-the-art contributions from international
scientists and researchers working on various
aspects of the monitoring, simulation and
management of air pollution. Emphasis is
placed on the development of experimental and
computational techniques which can be used as
tools to aid solutions and understanding. The
papers included were first presented at the
ninth in a highly successful series of
international conferences on this challenging
problem and cover topics such as: Turbulence
Modelling; Air Quality Management;
Chemical Transformations; Health Problems;
Aerosols and Particles; Urban Air Pollution
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Nonculture-based Analysis for
Bioaerosol

methods and on analytical quality control. A
chapter 'Procedures for the preparation of
calibration gas mixtures' provides general
information on air monitoring methodology.

Dr. Pei-Shih Chen
Post-doctoral
Research Fellow,
Institute of
Environmental
Health, National
Taiwan University

Product Description by www.amazon.com.
Title: Air Monitoring for Toxic Exposures
(2nd Edition)
Editor: Henry J. McDermott
Publisher: Wiley-Interscience
Published Date: Sept. 2004
ISBN: 0-47145435-4
The first edition, published in 1991, was by
Shirley Ness. McDermott, a consultant in
occupational safety and health, incorporates
the explosive development in technology used
in the air monitoring, especially light and
portable instruments that can process
information and beam it back to headquarters.
The broad review of the field is directed to
industrial hygienists, environmental specialists,
safety and health technicians, laboratory
technicians, hazardous materials specialists,
and others. It covers background concepts for
air monitoring, sample collection device
methods, real-time measurement instruments,
monitoring air for agents other than chemicals,
and specific sampling applications. Copyright
© 2004 Book News, Inc.

Recently,
exposure
assessment
of
bioaerosols has become an important issue.
Microorganisms can be found in culturable
status, viable but non-culturable status, or
non-viable status.
The introduction of
bioaerosol analysis is as follows:
I. Culture method
Currently, culture-based analysis still
remains a primary method to analyze
microorganisms. However, several important
pathogenic microorganisms are viable but
nonculturable
in
the
air,
such
as
Mycobacterium tuberculosis and Legionella
pneumophila (Ballard et al.1 Schafer et al.2).
Because culture-based methods can not identify
non-viable or non-culturable microorganisms,
they may result in inaccurate microorganism
measurements, therefore underestimate human
exposure to environmental microorganisms.
Such inaccuracy might explain the observed
weak association between the numbers of
colony-forming units (CFU) measured by
culture-based methods and human health
effects in field evaluation (Li et al.3; Wan and
Li4).
Furthermore, culture-based methods
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ability to determine basic cell functions such as
reproductive ability, metabolic activity and
membrane integrity via different dyes, to
characterize the physiological state or degree
of viability of bacteria. These indices help us
to know more detail than just culturable or
viable microorganisms.
Actually this
information is what we are eager to know
especially after aware of the problems
associated with the culture-based method.
Therefore, epifluorescence microscopy was
thought to be a potential solution to the issue
of culturibility of organisms. However, the
major disadvantages of the tedious and
time-consuming nature of microscopic
enumeration and the level of expertise required
to identify fungal spore also exist. Losses
during sample preparation and errors from
counting microorganisms present in large
aggregates are also been described.
Fortunately, the use of flow cytometry as a
microbiological tool casts new light on this
issue.

take several days to weeks to complete analysis.
To
better
understand
and
quantify
microorganisms, both culture and non-culture
methods should play equally important roles in
providing information. Among non-culture
methods, epifluorescence microscopy (EFM),
flow cytometry (FCM), and molecular
biological methods (e.g., polymerase chain
reaction, PCR.) are the most promising ones.
II. Nonculture-based method
1.Epifluorescence microscopy
Microorganisms can be stained with a
fluorochrome
and
counted
with
an
epifluorescence microscope. A variety of
stains may be used to differentiate biological
particles from nonbiological material like
commercial BacLight kit and respiring cells
from nonrespiring cells such as 5-Cyano2,3-ditolyltetrazolium (CTC).
Acridine
orange, which is a nucleic acid dye, has given
a satisfied result and is mainly used in
measurements of highly contaminated work
environments
by
counting
total
microorganisms.
However, some fungal
spore types may resist staining or have dark
pigmentation, which masks fluorescence. For

2.Flow cytometry
The application of flow cytometry to the
analysis of microbial systems has been a slow

determination of total airborne bacteria,
aliquots of collection buffer or the filter
membrane wash solution may be stained for
epifluorescence microscopy by the acridine
orange direct count method; however, more
than 104 cells per sample are required to
obtained useful results with this method.
The
advantage
of
epifluorescent
microscopic analysis of air samples is the

and difficult process due to a few reasons.
Firstly, the difference in size and volume
between microbial and mammalian cells is
numerous. Because of the lack of interest
from microbiologists and the difficulty of the
engineering
concept,
flow
cytometry
instruments were not designed to measure
microorganisms, but rather cells in the range of
5 to 15µm. A second problem was notion that
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the fluorescent dyes used in flow cytometry
were better understood in mammalian systems
and relatively poorly understood in microbial
system. Thirdly, the cost of instrumentation
was generally prohibitive; so were the cost per
operation, when compared to the few cents per
test for a bacterial identification using
traditional techniques.
Although it has taken microbiologists a
longer time to adopt flow cytometry as a useful
tool than was initially expected, it does have
some progress. Many stains were developed
and the conditions were also optimized.
Airborne bacteria stained with some
fluorochrome or through fluorescent in situ
hybridization (FISH) were successfully
analyzed by Flow cytometry.
Forward
scattering, side scattering and fluorescence
from the dye could distinguish bacteria from
background. Microorganism collected with
impingers or on filters can be also counted by
flow cytometry.
Errors may occur if nonmicrobial
particles in the environment, for example,
fragments from plant and animal materials,
are stained and counted as microorganisms.
A recent study of bacteria in pig house air

the various fluorescent dyes, basic cell
functions such as reproductivity ability,
metabolic activity and membrane integrity,
to characterize the physiological state or
degree of viability of bacteria, can also be
determined.
It is a really attractive
advantage. The disadvantages described as
following. The interfering substances (e.g.
particulates) of different environment need
to be characterized while there are few
studies of airborne microorganisms.
Among commercial flow cytometers, the
lack of sensitivity makes fluorescent dye to
be a necessary element in flow cytometry.
Unless using specific probe of specific
microbe, it is usually not possible to
distinguish the species of the airborne
microorganisms.
Considering
both
advantages and disadvantages, flow
cytometry is a valuable new addition to the
microbiologist’s toolbox.
3.Real-time quantitative PCR
By utilizing an internal probe in addition
to standard PCR amplification primers,
TaqMan chemistry combines the amplification
power of PCR with the specificity and

showed that counts by flow cytometry were
50% to 100% higher than by fluorescence
microscopy
when
DAPI
(4’,6-diamidino-2-phenyndol) was used as
fluorochrome.
This indicates that
nonspecific staining may have occurred.
The great advantage of flow cytometry
is the automatically rapid counting nature.
It can count 1000 cells per second. Due to

verification of hybridization. Labeling the
internal probe with fluorescent dyes provides
in-tube, real-time detection of PCR product
accumulation during each amplification cycle
and at very early stages in the amplification
process. TaqMan PCR has a number of
perceived advantages over conventional PCR,
principally in detection sensitivity, speed,
reproductivity, variation, and dynamic range.
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By using a threshold cycle (Ct) rather than a
direct measure of PCR product abundance,
TaqMan also involves a fundamentally
different measurement and data interpolation
than do conventional techniques.
An
important consequence of the Ct measurement
scheme is reduced CV around the detection
measurement. For example, Desjardin et al.5,
reported that the TaqMan assay resulted in only
10% CV for M. tuberculosis enumeration in
test sputum, whereas duplicate conventional
PCR test resulted in 74 and 98% CV.
Because of these benefits, TaqMan assays are
under continued development for detecting
microorganisms in both clinical and
environmental samples.
References
1. A. L. Ballard, N. K. Fry, S. B. Surman, J. V.
Lee, T. G. Harrison, and K. J. Towner, J. Clin.
Microbio., 2000, 38, 4215.
2. M. P. Schafer, J. E. Fernback, and M. K.
Ernst, Aerosol Sci. Tech., 1999, 30, 161.
3. C. S. Li, C. W. Hsu, and M. L. Tai, Arch.
Environ. Heal., 1997, 52, 200.
4. G. H. Wan, and C. S. Li, Arch. Environ.
Health., 1999, 54, 172.

Fig 1. Epifluorescence Microscopy

5. L. E. Desjardin, Y. Chen, M. D. Perkins, L.
Teixeira, M. D. Cave,, and K. D. Eisenach, J.
Clin. Microbio., 1998, 36, 1964.
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Step 2
Step 1

Fig 2. Real-Time Quantitative PCR (1/3)

Fig 3. Real-Time Quantitative PCR (2/3)
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Fig 4. Real-Time Quantitative PCR (3/3)

Fig 5. Flow Cytometry (1/4)
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Fig 6. Flow Cytometry (2/4)

Laser
FSC Sensor

 FSC : size
 SSC : granule

SSC Sensor
Fig 7. Flow Cytometry (3/4)
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Target
microorganism

 Obtain cell
Fluorescent bead

Fig 8. Flow Cytometry (4/4)

13

concentration
 Known amount of
fluorescent beads

38th Issue

C A A R T N E W S L E TT E R

April 2005

The Chinese Association for Aerosol Research in Taiwan

Aerosol Research Laboratory
The Aerosol and Particulate
Research
Laboratory

The combination of these technologies enables
research and education in diverse applications
areas. APRL research also benefits from
collaborative efforts with other faculty
members in EES department as well as other
departments at UF (MSE-Materials Science
Engineering, MAE-Mechanical & Aerospace
Engineering, NRE-Nuclear & Radiological
Engineering, CHM-Chemistry, PHC-Public
Health, etc). The research funding comes
from a spectrum of agencies, including Air
Force
Research
Laboratory
(AFRL),
Department of Energy (DOE), Environmental
Protection Agency (EPA), National Science
Foundation (NSF) and National Aeronautics
and Space Administration (NASA) at the
federal level to Florida Institute of Phosphate
Research (FIPR) and Gainesville Regional
Utilities (GRU) at the state and local level.
Research grants also come from the industry
such as General Motors. Since 1998, there
have been 3 PhD, 5 MS graduated from APRL,
who are now working in the academia,
government and industry. Currently there are
5 PhD and 2 MS students pursuing their
education in APRL. We also actively engage
undergraduate students in our research

Dr. Chang-Yu Wu
Associate Professor
University of Florida,
Department of
Environmental
Engineering Sciences
The Aerosol and Particulate Research
Laboratory
(APRL,
http://www.ees.ufl.edu/homepp/cywu) in the
Department of Environmental Engineering
Sciences (EES) at the University of Florida
(UF) was established in 1998. The mission of
the APRL is to advance our understanding of
the formation of air pollutants and to develop
particle
based
technology
for
controlling/preventing air pollution. There
are 4 core technologies in APRL: aerosol,
catalysis, combustion and powder (Figure 1).
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activities. To date, there have been more than
20 undergraduate students who have
participated in APRL research.
These
students come from various disciplines
(environmental,
chemical,
agricultural,
electrical and mechanical engineering). The
research experience and publication resulting
from their research activities have motivated
and prepared many to seek graduate study after
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Fig 1. APRL Core Research Technologies
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their undergraduate research.

geographical location.

Air Quality
Identification and characterization of
the pollution in a system of concern is always
the first step toward its solution. Gainesville
is a mid-scale city in north central Florida and
the region is a relatively rural area. In recent
years, however, the rapid urban growth in the
area (more traffic and industrial activities) has
raised concerns about the impact on regional
air quality and the associated adverse health
impact. As a member of local community, we
have actively participated in activities aimed to
address these issues. Under the funding from
the county’s Environmental Protection
Department, we carried out a study to assess
the concentration levels of O3, SO2, NOx and
to characterize PM (by Dichotomous and
MOUDI and analyzed for carbon, ions and
metals) in the county (Chuaybamroong et al.,
2005). Source sampling was also carried out
at several key sources. Source apportionment
was then determined by a Chemical Mass
Balance model using the source profiles and
the receptor data. Our results show that
transportation, marine aerosols and wood

Industrial Hygiene
In addition to ambient PM, aerosols at
workplace have always been of great interest.
The geographic proximity to the world’s
largest phosphate reserve (Central Florida)
provides APRL a great opportunity to study
workplace aerosols in phosphate related
industry. Currently we are carrying out two
aerosol related projects in phosphate fertilizer
factories. The first one is to assess the dose
resulting from the exposure to TENORM
(Technologically
Enhanced
Naturally
Occurring Radioactive Materials) aerosols.
This collaborative project between NRE (Dr.
Wesley Bolch) and EES (with late Dr. Emmett
Bolch) involves cascade impactor sampling
(for analysis of aerosol size distribution,
composition, radioactivity, shape factor,
density), dose assessment (using ICRP model)
and aerosol solubility in lung fluid. Product
particles are found to be the primary source for
coarse and fine particles while environmental
aerosols are the dominant source for ultrafine
particles, as evidenced by the radionuclide
activity distribution. Operation activity levels
and weather are the two major factors affecting
the aerosol concentration levels.
The other related project, which Dr.
Dale Lundgren (Emeritus Professor at EES)
also actively participates, is to evaluate sulfuric
acid mist concentration (and its size
distribution) in the fertilizer plants. Sulfuric
acid is produced on-site by burning sulfur
which is subsequently used to produce

burning are the largest sources for fine
particles (PM2.5) while transportation and
unpaved road are the largest ones for coarse
particles (PM2.5-10). Distinctive seasonal PM
patterns were observed. We are currently
exploring the correlation between the air
quality data and community health indicators
in the Gainesville, which has not been
conducted in a city of this size and
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phosphoric acid by reaction with phosphate ore.
In a recent report on carcinogens by the
National Toxicology Program (NTP), strong

mist concentration per regulatory requirement
while cascade impactor sampling is carried out
to determine the size fractionated sulfuric acid
mist concentration. The collected samples
are analyzed by Ion Chromatography (IC) for

inorganic mists containing sulfuric acid were
identified as a “known human carcinogen”.
The current OSHA 8-hour Time Weighted
Average (TWA) of Permissible Exposure Level
(PEL) of sulfuric acid mist is set at 1 mg/m3.
ACGIH has recently further lowered the TWA
to 0.2 mg/m3. The storage, transport line,
reactor and product filtration line are all
potential locations for exposure. In this study,
NIOSH method 7953 (fiberglass plug in a

the soluble ions. While the target chemical is
sulfuric acid, the research study also produces
data of other ions (e.g. PO3-, F-, NH4+) that are
important in the production process. This is
the first time size fractionated ion
concentration of aerosols in fertilizer industry
is available. Our latest results reveal many
unexpected trends that have never been

silica gel tube) is used to determine the

reported before (Figure 2).

Ca, 1.92, 6%

total

K, 1.21, 0%
NH4, 44.56,
Na, 0.99, 0% 15%

F, 5.86, 18%

Mg, 0.39, 1%

Mg, 0.27, 0%
Ca, 1.31, 0%

O4, 10.39, 3%

Cl, 1.33, 4%

0.21, 1%

Br, 0.00, 0%
NH4, 7.73, 24%

SO4, 5.64, 2%
Li, 0.00, 0%
NO2, 0.00, 0%
NO3, 1.52, 0%

NO2, 0.00, 0

Br, 0.00, 0%

Cl, 2.32, 1%

NO3, 1.14, 3%
PO4, 9.93, 30%

F, 247.05, 79%

Na, 1.68, 5%
Li, 0.00, 0%
SO4, 2.68, 8%

Fig 2. Soluble ions in coarse and fine aerosols in a fertilizer plant
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dispose of) and result in severe environmental
damages if leached into groundwater. Our
research studies have identified calcium based
sorbents which are very effective for arsenic by
forming calcium arsenate (Wu and Barton,
2001). Figure 3 shows the impressively low
leaching level of arsenic in ash from
Chromium-Copper-Arsenic (CCA) treated
wood/lime combustion due to the strong
bonding between calcium and arsenic (Iida et
al., 2004b). Calcium based sorbents also
have strong chemical affinity with other metals
such as vanadium (abundant in oil and
petroleum coke; Lee and Wu, 2002). We are
also in the process of identifying other types of
mineral sorbents that are low cost and
abundant as good candidates for controlling
heavy metal emission and their leaching.
1000

Concentration (mg/l)

Air Pollution Control Technology
The key research thrust area in APRL is
in the area of Air Pollution Control, which falls
into three categories: (1) control of air
pollutants in aerosol form, (2) prevention of
the formation of particulate pollutants, and (3)
control of gaseous pollutants by particles.
Heavy metals emitted from combustion
sources (coal boilers, waste incinerators,
burning of treated wood) are of great concerns
because of their adverse health effects. In
high temperature combustion process, heavy
metal compounds may vaporize which
subsequently nucleate when the flue gas cools
down. Their trace concentration level and the
short residence time in the system often result
in the metals being concentrated in the
submicron range where most conventional
particulate control devices (e.g. baghouse)
have low collection efficiency.
Mineral
sorbent injection has been developed in APRL
for reducing heavy metal emissions by
condensing metal compound vapor on coarse
sorbent particles. The particle size of the
mineral sorbent can be selected to have high
surface area for condensation while large
enough for effective collection in conventional
devices. Our research has found out that
mass transfer is often the rate limiting step and
therefore the sorbent speciation may not be
critical if the sole goal is to suppress nucleation
(Iida et al., 2004a). However, if ash disposal
is considered, the sorbent composition
becomes critical, i.e. the captured metals may
leach out.
If so, the product will be
categorized as hazardous waste (expensive to

100
10

TCLP Criteria:
As - 5 mg/l

CCA only
Ca(OH)2 added

1
0.1
0.01

600

750

900
o

Temperature ( C)

Fig 3. TCLP leaching level of arsenic in ash from
CCA wood/sorbent combustion
If vapor has already nucleated,
condensation will no longer be possible for the
capture and an alternative removal method
needs to be used.
We have studied
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inter-coagulation between nucleated ultrafine
particles and coarse sorbent particles as the
removal mechanism (Lee and Wu, 2005). A
characteristic time has been developed to help
assess if inter-coagulation can be applied to
effectively remove fine mode aerosols. The
choice of the coarse mode aerosol size
distribution has been identified to significantly
affect the effectiveness. Also very interesting
is that the fine mode particles undergoing
inter-coagulation will approach monodisperse
distribution, which is different from the
self-preserving distribution of inter-coagulating
aerosols (Figure 4).

Its vapor form also prevents its control by
conventional particulate control systems. In
APRL, we have developed a novel
nano-structured SiO2-TiO2 composite for its
removal (Pitoniak et al., 2003). The high
surface area SiO2 gel allows mercury to be
accumulated. The transparency of SiO2 gel
allows the penetration of ultraviolet (UV) light
to activate the embedded TiO2 nanoparticles
for generating hydroxyl radicals that are used
to oxidize elemental mercury into mercury
oxide. There are several advantages resulting
from the combination of materials of
dual/multiple functions:
(1) Only intermittent UV irradiation is needed
after certain amount of mercury has
accumulated, thus reducing the operation
cost.
(2) The oxidized mercury stays with the
composite and can be recycled, which at
the same time can avoid the formation of
ultrafine mercury oxide particles.
(3) In our latest study, we found out that the
material after initial UV activation has
enhanced adsorption of elemental mercury
in the dark (Figure 5). This unique
phenomenon is in contrast to conventional
sorbent materials that will gradually
breakthrough over time.
We have
identified various physical and chemical
mechanisms that are responsible for this
unprecedented phenomenon (Pitoniak et al.,
2005).

Fig 4. Evolution of fine mode and coarse mode
particle size distributions by
inter-coagulation
Among heavy metals, mercury stands
alone as a unique one because it mainly stays
in its elemental vapor form in combustion
system. Elemental mercury is insoluble and
therefore can not be removed by wet scrubbers.
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developing a Microwave Assisted Catalytic
Oxidation System for the destruction of
pollutants and chemical warfare agents (Cha et
al., 2004). Microwave energy is a form of
electromagnetic energy that penetrates deeply
into many materials, transforming energy
directly into heat by exciting molecules into
rapid oscillatory motion. When combined
with
conventional
oxidation
catalysts,
microwave is very effective at destroying toxic
organic
compounds
at
low
system
temperatures.
In this study, vanadia
nanoparticle based and SiC particle based
catalysts are evaluated for the destruction
capability of phosphor containing compounds
and sulfur containing compounds in a
packed-bed reactor. Figure 6 shows a 100-hr
testing of combined gas stream of DES
(diethyl sulfide) and DMMP (dimethyl
methylphosphonate) in a SiC bed. As shown,
the removal efficiency quickly jumps to over
98% in a short response time.
Other
advantages of the microwave system include
relatively low exit temperature compared to
conventional high temperature oxidation
system so that the treated air does not need to
go through significant cooling before being
supplied for breathing air. Analysis of the
exhausts shows no intermediate organic
compounds in the system. The research is
currently moving forward to assessing other
compounds and to pilot scale testing.

UV on
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Fig 5. Enhanced Hg Adsorption after Cycles of UV
Activation

Indeed, combination of different
materials such as nanocatalysts and sorbents
into one integrated product results in
synergistic functionalities that is more than the
summation
of
individual
material’s
functionality. It also allows the application of
nanomaterials without making it a liability (i.e.
introducing nanoparticles into the environment
that may pose adverse health and
environmental effects). In APRL, we are
conducting research on the combination of
various materials including TiO2-Activated
Carbon, TiO2-magnet (Lee et al., 2004),
V2O5-SiO2/Al2O3
and
Fe2O3/CuO-Al2O5
(Coowanitwong et al., 2003; Borderieux et al.,
2004)
to
decompose/oxidize
gaseous
pollutants.
Besides UV light, we also aggressively
study other types of energy sources for catalyst
activation. In collaboration with Cha Corp.
and under the funding from AFRL, APRL is
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Fig 6. 100 hr test for a SiC bed (top: DRE; lower: temperature)

Hydrogen
Fossil fuel combustion provides the
majority of our energy supply nowadays.
Thermal energy conversion is not an efficient
process and it inevitably produces undesired
pollutants, including PM, gaseous pollutants
and global warming gases such as CO2.

hydrogen conversion.
Among them,
hydrogen storage is considered to be the most
challenging one, especially for transportation.
In APRL, we focus on solid hydrogen storage
material (funding from General Motors and
technical support from Tokuju Corp and Dr.
Satoru Watano at Osaka Prefecture University),
again, through combination of materials
possessing different properties.
The core
material is magnesium powder that can form
MgH2. However, the kinetics is relatively
slow, and therefore minute amount of
dispersed metal nanocatalysts is added to
enhance the kinetics and allows hydrogen
adsorption/desorption to be realized at a much
lower temperature.
Conventionally the
catalysts are coated onto the host magnesium

Hydrogen is considered to be a clean fuel (the
only product being H2O) and therefore a
favored alternative to fossil fuel for
tomorrow’s power supply. As a successful
hydrogen economy will greatly improve the
environmental quality, APRL is exploring in
this new area of hydrogen research.
There are three major obstacles to
overcome before hydrogen economy can be
realized: (1) hydrogen production, (2)
hydrogen storage, and (3) fuel cell for
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about bio-aerosol, which have triggered a lot of
studies aimed to better protect workers and the
public from bioaerosols.
Respirators are
commonly used as the first line of defense;
however, high removal efficiency is often
achieved at the cost of a high pressure drop.
Besides, the physical collection of bioaerosols
on the filter media does not guarantee the
inactivation of the microbial agents. The high
pressure drop greatly reduces the mobility of a
person wearing such a respirator, and makes it
extremely difficult for a worker/soldier in the
frontline to function properly. Funded by
AFRL, APRL in collaboration with Triosyn®
Corp. is evaluating an iodine ion-exchanged
polymer resin filter that is designed to have a
low pressure drop while maintaining high
disinfection efficiency (Figure 8).
This
technology relies on the controlled release of
antimicrobial agents for disinfection without
the concern of overdosing the worker/soldier.
An experimental system including bioaerosol
generation, size classification and collection
has been built in APRL. Testing results have
demonstrated that the new filter material is
very effective for vegetative cells as well as
spores.
The filter maintains very high
removal efficiency even after continuous use
over 10 hours. Filter media stored for several
months are still very active without losing its
disinfection capabilities. Currently we are
conducting experiments to understand the
disinfection mechanisms with the goal to
optimize its operational conditions.

powder by ball milling, which typically takes
more than 24 hours to get good results. In
APRL, we have achieved the coating and
dispersion using a simple mechanical coater
(Theta Composer, Tokuju Corp.) that can
significantly reduce the processing time down
to the range of 1-2 hours (Cooper et al., 2004)
(Figure 7). We have also recently developed
a new coating process (high speed orbiting
media based) that can accomplish the coating
in a time scale of minutes. Interestingly, the
process also changes the morphology and
structure of the material (e.g. flakes vs. spheres)
that proves to be beneficial for hydrogen
transfer.

Fig 7. Coating Processing of Theta Composer

Bioaerosol
Bio-terrorism
has emerged to be a
critical subject since
the 911 attack on US
soil and the anthrax
mail incidents. The
SARS and aviary flue epidemics have also
prompted the public’s awareness and concerns
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and
“Respiratory
Deposition” for health
effect
(available
at
http://aerosol.ees.ufl.edu).
The target students for these

Cyclone

modules are beginners in
the aerosol science and
technology field who have
very little or no knowledge
of the field. Each module
consists of two parts. The
OPC
first part is a narrative for
background
principles
illustrated by dynamic
animation for visualization.
This
section
includes
real-world
contextual
Respiratory
materials that the students
Deposition
could relate to.
The
second part is an interactive web calculator for
design/assessment or a web simulator for
virtual operation. These modules can be used
as stand-alone units or as an integrated unit.
We are continuing our efforts to develop 8
more modules through NSF support, including:
3 Fundamental modules - (1) Aerosol Basics,
(2) Aerosol Transport and (3) Aerosol
Dynamics; and 5 Application modules - (1)

Fig 8. Structure of Triosyn chemical

Aerosol Education
Aerosol science and engineering is a
discipline with applications in many fields
ranging from engineering, public health,
medical sciences, material sciences and others.
The growing list of aerosol applications has
called for a need to increase the number of
workers with knowledge of this subject. To
achieve
this
important
goal,
APRL
enthusiastically pursues research in aerosol
education. Sponsored by NSF, APRL in
collaboration with Dr. Anne Donnelly at
Particle Engineering Research Center (PERC,
UF) and Dr. Pratim Biswas (Washington
University in St. Louis) is working on the
development of interactive web-modules
aimed to enhance aerosol education by enticing
students with the dynamic feature of the
modules. Currently we have successfully
developed and assessed 3 modules: “Cyclone”
for particle collection, “Optical Particle
Counter” for size distribution measurement,

Instrumentation, (2) Control/ Collection
Devices, (3) Nanoparticle Synthesis, (4)
Atmospheric Aerosol, and (5) Health Care
Related Aerosol. These modules are not
limited to academic uses. Individuals who
need to update their knowledge in this subject
and who take on-the-job training can also
benefit by using such a program.
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university has 16 diverse colleges and is very
aggressive in education and research (research
and training grants totaling $458M in 2002-03).
With its main campus (1827 acres) in
Gainesville, UF has numerous branch
campuses across the state of Florida for
education, research and training. The EES
department (www.ees.ufl.edu) has a unique

In addition to module development, we
carry out several types of evaluation to ensure
the effectiveness of the materials. Front-end
evaluation takes place in the project
development phase to help guide the process
by identifying users’ interests and prior
knowledge. Formative evaluation, conducted
throughout the development stage, provides
information
about
the
ease
and
understandability of the format as well as the
program’s ability to teach the actual aerosol
content.
Summative evaluation provides
feedback to the PI’s to ensure that the modules
meet the design objectives determined by the
development team.
We welcome any educator who is
interested in using these modules (and they are
free!). Anyone who can help us evaluate the
modules being developed and provide
comments/feedbacks that can be used to
further improve the modules is certainly
appreciated.

blend of engineers and scientists that promote
multidisciplinary education and research in the
environmental field.
It has 6 areas of
concentration: Air Pollution, Bioenvironmental
Systems, Ecological Systems, Solid &
Hazardous Waste Management, Water
Resources, and Water Supply and Wastewater
Systems with Environmental Nanoparticles
being the latest addition.
The EES
department has 16 active faculty members, 61
PhD students, 52 MS students and 96
undergraduate students. In the 2003 US
News & Report Ranking, the department ranks
No. 13 in all environmental programs and No.
9 in all public environmental programs in the
US. The energetic research activities result in
sponsored research funding around $4M in
2004-05.
The Major Analytical Instrumentation

Supporting Environment at University of
Florida
The success of APRL is deeply rooted
in the excellent environment and support
facilities on campus. UF (www.ufl.edu) has
the 4th largest student enrollment of all US
universities (> 48,000 students from all 50
states and 100 foreign countries), and the
student quality is superior.
The 2002
incoming class
to UF has an
average 3.92
GPA (0-4 scale) and 1300 SAT score. The

Center (MAIC) has state-of-the-art particle
characterization instrumentation that is critical
to particle and powder research (e.g.
SEM/EDX, XRD, FTIR, TEM; see
http://maic.mse.ufl.edu/Facilities.htm
for
detailed list).
With a flat-rate, researchers
across the state have an access to the first-rate
instrumentation with full time expert staff
available to assist in questions and services
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related to particle analysis.
The NSF
sponsored
PERC
(www.erc.ufl.edu),
established in 1996, is devoted to the
development of innovative particulate based
systems for next generation processes and
devices that contribute to the economic well
being, quality of the environment and public
health. The center actively engages industrial
partners
and
strongly
encourages
interdisciplinary learning and information
sharing. It is also keen in particle education.
Every winter, PERC hosts a “Summer School
in Winter”, a very popular program that gathers
first-rate researchers in particle science and
technology in the world to offer one-week
short courses to graduate students and post-doc
from many places in the world.

requires the provision of clean air,
uncontaminated water supply and effective
waste disposal to the astronauts and future
space travelers on space stations and
spacecrafts. To embark this grand endeavor,
NASA has created the Environmental Systems
Commercial Space Technology Center (ES
CSTC, www.ees.ufl.edu/escstc) in EES, and
we have teamed up with the brave “Buzz
Lightyear” to accomplish this mission. Next
time when you visit Florida, perhaps you can
expect the greeting “Infinity and beyond” from
Buzz.

Envision the Future Environment
In summary, APRL is actively pursuing
research and education in various facets of
aerosol science and air pollution control.
Active research ranges from aerosol
characterization
in
industrial
settings,
technology development for controlling
aerosol formation, bioaerosol disinfection, to
enhanced hydrogen storage by nanocatalysts.
APRL will continue to charter into the
unknown territory in aerosol science and air
pollution to discover the exciting and
unexplored, with the ultimate goal of
improving our quality of live and advancing
our scientific knowledge. Space exploration
is one such future environment to be
challenged. The space exploration mission
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Calendar of Events
Conference
Schedule

Name of Conference (Abstract Deadline)

Aug 28 – Sept 2, European Aerosol Conference 2005 (March 1, 2005)
2005
Website: http://www.EAC2005.be

Location
Ghent, Belgium

Austin, Texas
Oct 17 - 21, 2005 24th Annual AAAR Conference (April 25, 2005)
Website: http://www.aaar.org/05AnnualConf/index.htm
Dec 13 -16, 2005 4th Asian Aerosol Conference (April 30, 2005)
Website:http://www.iasta-aac.org/

Bombay, India

Sept 10 -15, 2006 International Aerosol Conference 2006 (Feb. 1, 2006)
Website: http://www.aaar.org/IAC06/index.htm

St. Paul, Minnesota

Advertisement
THE THIRD INTERNATIONAL WORKSHOP ON SANDSTORMS AND
ASSOCIATED DUST-FALL, 25-27 Aug. 2005, HUHHOT, CHINA
（First Announcement）
The dust storms have attracted public attention increasingly in recent years. Such disagreeable
weather events have affected not only the regional economy and the livelihood of the inhabitants,
but also seriously polluted the atmosphere, destroyed the eco-environment and holdback the society
development. Scientists in many countries, especially in East Asian countries, have done much
research and got many achievements on this topic. In order to enhance connections among
international scientists, to exchange their advanced researches and to get deeper reorganizations on
dust storms and associated dust-fall, the Third International Workshop on Dust Storms and
Associated Dust-fall will be held in Huhhot , CHINA，25-27 Aug. 2005. The keynote papers will
be presented on 25-27 Aug. 2005. Register Day：24 Aug. 2005
In particular, papers are solicited and encouraged in the following areas:
1) Formation of sandstorms (source info);
3) Monitoring and analysis;

2) Transportation and deposition of sandstorms;
4) Aerosol chemistry of sandstorms;
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5) The change of climate and dust storms;
7) Assessments of environmental impact

6) Modeling and prediction;
8) Sandstorms sources analysis, etc..

The deadline for Abstracts (~200 words) and Register From is 30 June 2005. Abstracts should be
submitted electronically to Imast@vip.163.com or fax to: 86-471-6963234. A fee of US $100
will be charged at the time of registration for proceeding, transport, banquet, etc . Please note that a
1-3 day sand-dust source region exploration trip will be made after the workshop.
Register From

Title: Mr. / Ms. / Dr. / Prof.

First name:

Surname:

Male / Female:
Institution:
Address:
Tel:

Fax：

E-mail:

Title of paper:

Exploration trip: Yes / No
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