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Abstract
Rencently, nanotechnology  draws

scientists’ eye. The great progresses are in
both knowledge and technology. Due to its
nano-characteristics, it helps us to see things
in different aspect, and help us to find the
resolution for those problems we stuck before.
In aerosol studies, particle size distribution
always plays a very important role in
particle’s behavior, related to both particle
transmission and health issues. As a
consequence, it is essential to find out the

whole story of smaller particles-
nanoparticles.
Although numerous epidemics of

infectious diseases have been known to be
transmitted by aerosols, widespread interest
in study of infectious viable aerosols has not
kept pace with that of nonviable aerosol
study. Concerning about human health,
however, bioaerosol is also a very important
part of the whole story. During the last
decade, there have been several researches of
bacteria (1-5 £ m), and fungi (2-10 ¢ m), but
fewer studies of virus were performed.
Because they are obligate parasites, most
viruses must be considered pathogenic to
humans or animals. As a part of this
nanoparticle study, we will focus on the
nano-bioaerosols - virus (20-300nm).
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In aerosol studies, particle size
distribution always plays a very important
role in particle’s behavior, related to both
particle transmission and health issues. As a
consequence, it is essential to find out the
whole story of smaller particles-
nanoparticles (<0.1um) .

Solid or liquid particles that suspended in
gas, such as air, are called aerosols and are
nearly ubiquitous throughout the earth’s
biosphere. The significance of aerosols to
human beings and human environment
depend on their origin, composition,
concentration, and physical, chemical, and
biological characteristics. Aerosol formation
results from both natural and anthropogenic
processes, such as wind and wave action or
flushing toilet activity, respectively. These
aerosols may contain viable and/or nonviable
material. Although numerous epidemics of
infectious diseases have been known to be
transmitted by aerosols, widespread interest
in study of infectious viable aerosols has not
kept pace with that of nonviable aerosol
study. Concerning about human health,
however, bioaerosol is also a very important
part of the whole story.

Bioaerosols are those airborne particles
that are living or originate from living
organisms. Bioaerosols include
microorganisms (i.e., culturable, viable but
nonculturable, and dead microorganisms) and
fragments, toxins, and particulate waste
products from all varieties of living things.
Individual bioaerosols range in size from
submicroscopic particles (<1 um) to particles
greater than 100 pm in diameters. During
the last decade, there have been several
researches of bacteria (1-5Spum), and fungi

(2-10pum), but fewer studies of virus were
performed. Because they are obligate
parasites, all viruses must be considered
pathogenic to humans or animals. As a part
of this nanoparticle study, we will focus on
the nano-bioaerosols - virus (20-300nm).

The first attention drawn by viruses
pandemic was in 1950s (Zeterberg et al.,
1973). After the influenza pandemic, many
epidemiological studies were performed to
determinate the relationship between specific
virus and disease (Zeterberg et al., 1973). It
had also been recognized that aerosol
transmission plays a critical role for many
viral diseases. Since smaller particles are
more likely to achieve deep lung penetration
than larger ones, the virus aerosol collection
in the assessment of the risk of respiratory
infection is obviously of high value.
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Test Microorganisms

In our study, two coliphages, MS2
phage (BCRC 70106 ) and T7 phage
(BCRC 70058), were selected to serve as
surrogate for simulating the human viruses.
The 10° pfu/ml bacteriophage was mixed
with 10® E.coli and then the infected cultures
were incubated for 15 min at 37 °C to allow
the phage attached to the cells. After the
culturvation, 3 ml top agar was added to the
sterile tube of infected cells. The contents
of the tube were mixed by gentle tapping for
a few seconds and poured onto the center of a
labeled agar plate. Finally, the plate was
incubated for 12 to 16 hr at 37 C and the SM
buffer was added after the culturvation. The
resulting phage plate stocks was stored at 4
C. Moreover, the collecting medium was
10 9% solution of gelatin in sterile LB
Broth/distilled water and heated at 121 °C for
about 15 min.



Aerosol Generation and Test system

The test chamber is 29 cm in
diameter with a height of 32 cm. A Collison
three-jet nebulizer (BGI Inc.,Waltham, MA)
was used for nebulization of the microbial
MS2 and T7 phage suspension at 3 L/min of
dry, filtered, and compressed laboratory air,
then passed through a Kr-85 particle charge
neutralizer (model 3077, TSI). The
aerosolized suspension was then diluted with
filtered and compressed air at 57 L/min.
SMPS (Model 3071, API Inc) with CPC
(Model 3025, API Inc.), and an aerodynamic
particle sizer (APS, Model 8000, API Inc.,
Hadley, MA), were used to determine
real-time number concentration and size
distribution of viral bioaerosols. The SMPS
could measure 15 nm to 710 nm particle size,
and APS could measure 0.487 um to 29 um
particle size, respectively. Moreover, An
Andersen six-stage viable sampler (Andersen
Samplers, Inc., Atlanta, GA) was also used
for determination of size distributions of
generated viral strains with the size classes of
0.65-1.1, 1.1-2.1, 2.1-3.3, 3.3-4.7, 4.7-7.0,
and > 7.0 um at flow rate of 28.3 L/min .

Test Samplers

Andersen 1-STG sampler is the sixth
stage of the Andersen six-stage sampler with
400 0.25-mm holes, drawing air at a flow rate
of 28.3 L/min (the corresponding velocity is
24 m/s) by using 20 ml LB Broth plates. The
calculated and reported cut-point diameters
of this sampler is 0.57 um and 0.65 um,
respectively .

The AGI-30 (Ace Glass Inc.) is an
all-glass impinger with a 30-mm jet-to-plate
distance. Generally, 20 ml of sterile
deionized water with 0.5% NaCl, 0.5%
antifoam A (Sigma Chemical Co., St. Louis,
MO) and LB broth was injected into each
autoclaved AGI-30 impinger. The antifoam

was added to reduce foaming and to prevent
excessive fluid loss.( Terzieva et al., 1996)

A Nuclepore filter consists of a
polycarbonate membrane with a 0.4-um pore
size¢ and a 37-mm diameter supported by
cellulose pads were loaded into open-face
and three-piece plastic cassettes. Filters and
support pads were autoclaved, and plastic
cassettes were sterilized with ethylene oxide

before sampling. (Kemp et al, 1995,
Palmgren et al., 1986)

The gelatin filter (Sartorius,
Gottingen,Germany) (3.0-um pore size,

80-mm diameter) was placed in a sterile filter
holder by carefully letting the filter slide out
of the pocket onto the filter support of the
aluminum filter holder. The filter could
dissolve on the agar surface because of the
moisture in the agar culture medium or in
sterile liquid at the temperature of 35-40 °C
(Jaschhof et al., 1993)

For comparison of samplers, the
parameter, Ctest /Csusp (colony survival, CS;
Csusp: PFU/m® by the evaluated sampler,
Csusp: PFU/ml in the suspension), was used
as a reference.

Results and Discussion

The aerodynamic particle diameter of the
target aerosol is one of the most important
physical factors which determine the stage
collection efficiencies of inertial devices.

Moreover, the  particle size of
virus-containing aerosol is important in
determining  their  physical stability,

dispersion, disposition and retention in the
respiratory tract. By using SMPS and CPC,
it was found that there was no difference in
the size distributions of SM buffer and T7
phage (Figure 1). By APS, average
geometric mean aerodynamic diameter of T7
phage phage was observed to be 1.07 um
with geometric standard deviation of 1.47



(Fig 2). Another MS2 phage was observed to
be 1.08 pum with geometric standard
deviation of 1.4 (Fig 3). In addition, size
distributions of T7 and MS2 phage by the
Andersen 6-STG sampler indicated that more
than 70% of the recovered PFU colonies
were < 2.1 um (Fig 1, Fig 2).

Regarding viability stability in nebulizer
suspension, it was found that there was no
significant loss in the viability of T7 and
MS2 phage (coefficient of concentration
variation were 6.9%). Regarding generated
airborne virus viability, our experimental
results demonstrated that concentrations of
the generated T7 and MS2 phage during
varied with 20% CV, it was stable during
high relative humidity (RH=85%).

For evaluating bioefficiency of the tested
samplers (table 1), all of the experiments
were performed using T7 phage at RH 85%.
For Andersen 1-STG sampler, it was
demonstrated that the observed CS of T7
phage was 0.07. For impinger, CS was
found to be 0.06. On the other hand, CSs
were indicated to be 0.002 and 0.04 for
nuclepore and gelatine filters, respectively.
Moreover, it was demonstrated that average
CSs of MS2 phage was 0.017, 0.01, 0.018
and 0.0007 for one-stage Andersen sampler,
AGI-30 impinger, gelatin filter, and
nuclepore filter, respectively.

Our findings demonstrated that impactor,
impinger, and gelatine filter for virus
sampling performed better than nucelpore
filter. The biological stress during filtration
includes impaction and dehydration effects
caused by the large volume of air over the
collected bioaerosols.
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Figure 1. The particle size distributions of MS2 ~ T7
phage in the test chamber measured by SMPS
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Figure 2. The particle size distributions of T7 phage in
the test chamber measured by APS and Andersen
6 —stage sampler.

Table 1 Colony survival efficiencies (CS,
CFU/m3/CFU/ml) of Andersen one-stage impactor,
AGI-30 impinger, Gelatin filter and nuclepore filter
for T7 and MS2 phage.

Sampling T7 MS2
Device
AMS one stage 0.07710.006 0.01710.005
sampler
AGI-30 0.0610.002 0.0110.001
Gelatin filter 0.04910.005 0.01810.0005
Nuclepore filter | 0.002£0.0004 | 0.000717.65E-5
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Figure 3. The particle size distributions of MS2 phage
in the test chamber measured by APS and Andersen
6 —stage sampler.




