ABSTRACT

MANUEL S. CHUA. An Eval uation of the Acoustical Particle

Si zing Device as aACbunﬁlngeDev ce for Particles with

D aneters Bel ow e Direction of Professor
Par ker C. Rei st, Sc.

The particle counts of the Acoustical Particle Sizing
Devi ce (APSD) devel oped by Coover in 1978 was conpared wth
that of the Climet 208 Optical Particle Analyzer (OPA) and
the Gardner Condensation Nuclei Counter (CNC). The OPA was
used as the reference machine in counting |ycopodi um spores
using three different set-ups, as well as polystyrene |atex
spheres (PSL) of different dianeters and concentration
| evel s. The CNC was used as the standard in counting
particles fromcigarette snoke, magnesiumstrip funmes and
the reaction of sodium hydroxide (NaCH) pellets and nitric
acid. The nean difference in the number of particles per
liter counted by both machines was conputed for every trial,
and the statistical significance was tested; the correlation

coefficient was al so determned. Results indicate the

inability of the APSD to count particles with dianeters

below 5 iim
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1. I NTRODUCTI ON

1.1 Snmall Particle Detectors

The extent to which mnute particles in the atnosphere
can affect our daily lives cannot be understated. Wen
found in the wong places, these particles can cause
mal function of a process, either within the human body or in
the environnent. |Inhalation of these particles can
adversely affect one's health, especially if they are
contani nated with toxic, carcinogenic or radioactive
substances. They can also affect the weather and visibility
t hr ough coagul ati on in the atnosphere or through
condensati on (Chen and Mercer, 1985). Because of their far-
reaching and varied effects, their properties have been of
consi derable interest to chenists, neteorologists, safety
engi neers and public health workers.

VWile the properties of these particles have been
studied at | ength over the past 100 years, there is stil

much to be | ear ned about them One of the main reasons for

this is their conpl ex behavior. Another reason is the
dearth of efficient and accurate i nstrunents with which to
det ect and neasure them

A nunber of small particle detectors have been devel oped

in the past few decades. Anong the ones earlier devel oped
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is one manufactured by Gardner Associates. It is a snmall
portabl e device for measuring the concentration of
condensation nuclei (CN) mthe air mthe range of 2x10 to
10" particles/cc and can be used for the study of the size
distribution of a sanple with sone difficulty. It operates
on the principle of light transmssion and is described in
detail by Fawcett and Gardner (1959).

Anot her CN sanpling device is one manufactured by the
Ceneral Electric Conmpany. The nachine is an automatic
nucl ei counter which draws in aerosol sanple automatically,
first, through a humdification chanber and then into a
cl oud chanber where it is expanded by the automatic
operation of a rotary valve. The cloud formed by
condensation is detected by light scattering (Liu and Kim
1977) .

The Clinet Optical Particle Analyzer is another
commercial ly avail abl e counting device, one which uses the
l'ight scattered fromsnall particles for counting and sizing
the particle. The Cl-208 nodel, which is the nodel used in
this study, combines the patented elliptical mrror system
along with stable | ownoise electronics and precisely
regul ated flow systemto count and size individual particles
Wi t h maxi num accuracy in concentrations up to 10 mllion

particles per cubic foot and as small as 0.3jLtm(Cl-208
User's Manual, 1979).

A particle sizing device which was devel oped fairly

recent is that of Coover and Reist (Coover, 1979; Coover and
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Rei st, 1980). The device was devel oped using a novel
techni que of sizing aerosol particles based on the
acoustical principle. Wile the counting and sizing
functions of this machi ne have been tested for | arge
particles from5 jjljo. to 80 fiia. in dianeter, further
observations seemto indicate its potential as a snall
particle detector. For exanple, it has been observed to
react to cigarette snoke which has a particle diameter of
about 0.25 fim This study is a first attenpt to
systematically explore the potential of the machine as a

counting device for particles smaller than 5 fim

1.2 vjectives of the Study
This study has the foll ow ng general and specific
obj ecti ves:
General Objective;
To eval uate the Acoustical Particle Sizing Device (APSD)

as a counting device for particles with dianeters bel ow 5

ftm

Speci fic Objectives;

1. To conpare the particle counts of the APSD with that of
the dinmet 208 Optical Particle Analyzer (OPA) for

pol ystyrene | atex spheres (PSL) of different dianeters.

The different dianeters to be consi dered are;
a) 0.357 jLtm
b) 0.60 jLtm
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c) 1.10 //.m
d) 2.20 [im

2. To conpare the particle counts of the APSD with that of
the OPA for polystyrene | atex spheres of different
concentration | evels.

3. To conpare the particle counts of the APSD with that of
t he Gardner Condensati on Nucl ei Counter (CNC) for
different types of particles. The different types of
particles to be considered are:

a) cigarette snoke

b) magnesi um (Mg) fXxi nes

c) acid-base reaction - i.e., particles produced by
the reacti on of sodi um hydroxide (NaCH) pellets
and nitric acid (HNO)

4. To conpare the performance of the APSD as a counti ng
device for snall particles with dianeters below 5 Um

with its performance when counting | ycopodi um spores

whi ch have dianeters of 28 ju, m

1. 3 Review of Rel ated Literature

Very few studi es have been done on the eval uation of the
APSD as a counting device. Coover (1978) determ ned the
absol ute detection efficiency of the nmachi ne using different
types of allergens with dianmeters ranging from6 />t mto 45

pcm In this sane study, he also explored the relationship

bet ween the dianeter of a particle and the efficiency of

counting, at a constant Reynol ds number. [In 1980, Ghernan
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eval uated the performance of the device as a pollen counter,
by conparing its count with three types of counters, nanely
t he Rotoslide sanpler, the Durham sanpler and the Hi gh
Volune Filter sanpler. This will be the first study

eval uating the performance of the machine for small

particles with dianmeters bel ow 5/ >tm
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2. MATERI ALS AND NMETHODS

2.1 Counting Devices Used

In order to evaluate the Acoustical Particle Sizing
Device (APSD) as a counting device for particles with
di aneters below 5 jjm the APSD counts for the different
particles considered in this study were conpared with those
of the Optical Particle Analyzer (OPA) and the Gardner
Condensati on Nuclei Counter (CNC). Specifically, the OPA
was the reference in counting | ycopodi um spores and
pol ystyrene | at ex spheres. The CNC on the other hand was
used to count particles of cigarette snpke, nagnesi um funes,
as well as the particles produced by the reaction of sodi um
hydr oxi de (NaOH) pellets and nitric acid (HNO). The
foll owi ng sections present a brief description of the
different counting devices used in this study.

2.1.1 Acoustical Particle Sizing Device (APSD)

The Acoustical Particle Sizing Device was devel oped by
Coover and Reist in 1978. The principle involved in the
detection of particle is based on the production of an
acoustical pul se upon the passage of an aerosol particle
t hrough a specially designed orifice at a high velocity
(Langer, 1965). A diagramof this orifice is shown in

Figure 1. Aside fromjust counting |arge particles, Coover
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has al so shown that the APSD has the ability to size |arge
particles by varying the flow rate through the acousti cal
el enent, which changes the detection threshol d.

The basi ¢ nmechani sm behind the operation of the APSD can
be described as follows: VWhen air enters in a snooth
gradual conical contraction of the acoustical elenent, it
produces an unstable super-lamnar flowin the capillary
section. However, when a particle is introduced, it is
accelerated at a slower rate than the air surroundi ng the
particle because of its greater density conpared to air.
Since there is a difference in the accel erati on between the
particle and the air stream a difference in velocity is
devel oped. The particle in this air stream causes
instability maki ng the unstabl e superlam nar flow to becone
t ur bul ent . This in turn will increase the fl ow resistance
abruptly producing a tenporary increase in pressure upstream
and a tenporary decrease in pressure downstream This
causes the air colum in the inlet section to resonate which
is perceived as an audi ble "click" (CGherman, 1980). As part
of Coover's work in 1978, he added a m niature el ectret
m crophone as the acoustical element which relays the
audi bl e acoustical pulse to the analyzer. Thus the audible
click is anplified and registered as a particle count. As
the particle gets out of the capillary, the flowreturns to
its original super-lamnar flow until the next particle
enters the systemand the cycle continues. A schematic

di agram of the APSD is shown in Figure 2.
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2.1.2 Cdimet 208 Optical Particle Analyzer fOPA)

Ootical particle counters have the ability to determne
both the nunber concentration and the particle size
distribution of aerosols. This is based on the scattering
of light fromsingle aerosol particles which are introduced
into the device as a narrow streaminto a beamof focused
light. As each particle passes through the illum nated
volume, it scatters a pulse of |ight which is detected by
the photo detector. The signal fromthe photo-detector is
processed el ectronically to produce a pul se height spectrum
fromwhich the particle size spectrumis deduced. The
ability of the optical counter to resolve particles of
different sizes is determned by electronic and optical
noi se and by the uniformty of the light intensity in the
view ng volume. Figure 3 shows a diagramof the optica
systens of the OPA

The inportant characteristics of an optical counter are
the sanpling flowrate and the size of the optical view ng
volume, in addition to the particle size range of the
instrument. The sanpling flow rate determnes the mninmum
counting period needed to obtain a statistically accurate
count, and the size of the optical view ng volume determ nes
the maxi mum aerosol concentration the instrument can accept
wi thout |oss of particle count due to "coincidence", i.e.,
the loss of particle count due to the presence of nmore than

one particle in the optical view ng volunme (Witby and Liu
1973).
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2.1.3 Gardner Condensation Nuclei Counter

The condensation nuclei counter (CNC) is a device used
to neasure the concentration of subm croneter aerosol
particles. It has been utilized in the field of air
pol lution, cloud physics, and other scientific and technical
work. It is capable of detecting very small particles (to
about 20 Angstromin dianeter) over a w de concentration
range (from about 100 particles/cc to 1O7particles/cc)
(M1ler and Bodhai ne, 1982).

The operation of the Gardner condensation nuclei counter
I's dependent on the fact that small particles have the
ability to serve as condensation centers for water vapor in
proper conditions. \hen an aerosol is introduced into the
device, it is saturated with water vapor and is subjected to
expansi on causing a supersaturated state. In this state,
wat er condenses on the particle to formvisible droplet.
This droplet is neasured optically by light transm ssion
(ACA H 1966). Figure 4 shows a schematic diagramof the
Gar dner Condensation Nucl ei Counter.

According to the calibration obtained by Liu and Kim
(1977), results of condensation nuclei neasurenents are

subject to large uncertainties and should be interpreted

with care.

2.2 Aerosol Ceneration and Sanpling

In order to generate and sanple aerosols for data
collection in the study, a separate set-up was used for
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every type of particle that was considered. These are
described in detail in the follow ng sections.
2.2.1 Lycopodi um Spores

In order to ensure that the machi nes were working
properly at the onset of the study, it was decided to first
observe their counts using a particle where the efficiency,
especially that of the APSD, is already established. Since
| ycopodi um spores were anong the test particles used by
Coover when he devel oped the APSD, it was decided to use
these as the test particle for the study.

Lycopodi um spores have a dianeter of 28 umand are hence
outside the range of particles being considered. The data
col l ected here was used as baseline information or basis of
conparison on the performance of the machines when particles
| arger than 5 um were being counted.
2.2.1.1 Generation of Lycopodi um Spores

The generation and collection of |ycopodi um spores were
patterned after the design enployed by Coover in 1978 with
sone nodi ficati on.

An air blast solid particle resuspension technique was
utilized to generate these spores. Wth this nmethod, a
smal | centrifugal fan was used to disperse the different
anounts of spores. The outlet of this centrifugal fan was
attached to one end of a rectangular 1.06 ﬁlacrylic plastic

chamber with a length, height and width equal to 153.5 cm,
119 cm and 58 cm, respectively.
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The orifices of the tygon tubing which served as the
inlet of particles into the OPA and the acoustical el enment
were placed on a ringstand with the inlet facing vertically
upward. The two inlets were spaced 9.5 cm away from one

another. A baffle nade of cardboard measuring 2 0.5 cm X
25.5 cm was placed over the sanple inlets. This was
positioned perpendicular to the flowof air and at a
di stance of 4 cm fromthe nouth of the inlets. This baffle
was used to prevent | arge aggl onerates from bei ng sanpl ed.
Three different set-ups were explored. Al of these
utilized the set-up nentioned above but differed in that
there was a difference in the |ocation of the blower fan in
the chanmber. This blower fan was used to keep the spores
suspended in air for a longer period of time after being
di spersed by the small centrifugal fan attached to the
rectangul ar 1. 06 n?acrylfc pl asti c chanber.
For set-up A the blower fan was | ocated 24 i nches above
t he chanmber floor facing inward, with a distance of 15
i nches away fromthe chanber door. For set-up B, the bl ower
fan was |lowered to 12 i nches above the chanber fl oor and
faced inward, with a distance of 15 inches away fromthe
chanber door. For set-up C, there were 2 bl ower fans. Bot h
were placed on the chanber floor, with one stationed 6
i nches away from chanber door, while the other was placed 8
inches away fromthe opposite end of the chanber. These 2
fans faced each other, so that when activated, they blew the

particles toward the center of the chanmber. Al of the fans
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for each of the three set-ups were operated for the entire
sanpling period of 30 mnutes. Set-up Cis shown in detal
in Figure 5.

Under each set-up, different concentration |evels of the
| ycopodi um spores were tested. For set-up A these were 0.5
gram 1.0 gram and 1.5 grams. For set-up B, three
different concentration [evels were also tested but their
amounts varied fromthat of set-up A Specifically, these
were 0.5 gram 1.5 grams and 2.5 grams. For set-up C 5
different concentration |evels were considered nanely, 0.5
gram 1.0 gram 1.5 grans, 2.0 grans, and 2.5 grans.
2.2.1.2 Aerosol Sanpling and Data Col | ection

During the data collection, precisely weighed sanples
were placed in the center of the fan wheel of the smal
centrifugal fan for dispersion into the chamber. This
centrifugal fan was operated for a period of one-mnute.
e mnute after the spores were dispersed, counts per

mnute were recorded at 2-mnute intervals for a sanmpling
period of 30 mnutes. Three trials were made for each

sanpl e being tested for the three different set-ups.

Results were reported as counts per liter by dividing the
counts per mnute by the respective flowrates of 17 liters
per mnute for the APSD and 7.08 liters per mnute for the

The data collection was arranged in the fol | ow ng

fashion. Sanpling using set-up A was done first, then set-
up B, and finally set-up C. In each of the three, sampling
was done starting with the lowest concentration of spores
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whil e the nmaxi nrum concentration | evel was done | ast. Thi s

arrangenment was done to mnimze the relative nunber of
particles left-over in the chanmber which may affect the
count of the next sanpling. After each nmm, the interior
surfaces of the chanber were cl eaned using an industri al
vacuum cl eaner and were w ped off using a wet-cloth. The
chanber was then left to dry. The air in the chanber was
replaced with air filtered with the filter attached to the
chanber before the next trial was executed.

2.2.2 Pol ystyrene Latex Spheres (PSL)

Four different sizes of polystyrene |atex spheres were
utilized as test aerosols. To sanple these nonodi sperse
spheres, the dinmet Instrunent Mddel 208 Optical Particle
Anal yzer (OPA) was chosen as the primary standard for
conparing the counts registered by the Acoustical Particle
sizing Device (APSD). This was chosen in sanpling PSL
because Cinet 208 has the capability to size particles in
the range of interest in this study.
2.2.2.1 The Test System

A sinple and inexpensive test systemwas devel oped to
sample the PSL particles. Figure 6 shows a diagramof this
test system For descriptive purposes, the set-up can be
divided into 5 conponents, nanely, (1) The Particle
Di spersion Unit, (2) The Additional Dispersion Air Unit,
(3) The Chanber Unit, (4) The Coll ector Assenbly, and
(5) The Exhaust Collection Unit. These are discussed

briefly as follows:
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(1) The Particle Dispersion Unit

To disperse the synthetic aerosols which are suspended
I n aqueous medium a Single Jet Nebulizer was utilized. The
opening or mouth of the nebulizer was attached to the first
portion of the chamber. The air used to run the nebulizer
In dispersing the test aerosols was breathing quality
conpressed air supplied m 300 ftzg?lrnde?ﬁf Before air
entered the nebulizer, it was filtered by a 37 nmdi aneter
menbrane filter with a 0.8 mcrometer pore size, supported
by a netal backing plate. A pressure regulator attached to
the conpressed air tank was used to control and nonitor the
flow rate of air.
(2) The Additional Dispersion Air Unit

An additional air dispersing unit was attached with air
flowng in the same direction as that of the particles as
they were dispersed by the nebulizer. This was done because
earlier tests conducted showed this to be one way of
increasing the particle counts registered by both counters.
This increase in particle count may be explained by the
nature of the PSL spheres after they are dispersed by the
nebulizer. Generally, they are wet as they |eave the
nebul i zer, and because of this wetness, some particles are
probably not capable of traversing the length of the chanber
and thereby can not reach the funnel which serves as the

1 jonal Vel ders) and t |buted by the SC|e tific Suppl
gt the University o? Carolina at Chapel W , PRty
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entrance to the particle counters. It is possible that with
the drying effect of the additional air supply, as particles
are blown within the chanber, they are dried-off faster and
are blown toward the funnel hence nore particles are

col | ect ed.

The air used in the additional dispersion air unit is
the same quality and the same supplier as the air used in
the nebulizer, and was filtered by a 47 nmdianeter menbrane
filter wwth a 0.8 mcrometer nomnal pore size. A rotaneter
was used to control the flow rate.

(3) The Chanber Unit

The chanber consist of 3 segments, nanely, the particle
entrance, the main chanmber, and the excess particle exit.

The particle entrance was made of hard plastic which was
originally a plastic beaker having the sane dianeter as the
main chamber. It was cut and fitted to the main chanber,
and was connected together by using a 3-inch clear scotch
tape. This served as the location where the nebulizer and
the additional dispersion air unit were attached toget her,
and the particles were introduced into the test chanber.

The main chanber was a glass cylinder nmeasuring 30 1/2
inches in length and 4 inches in internal diameter. In this
segnent the particles were further mxed and dried by the
addi tional dispersion air before being collected by the
funnel which served as entrance to the two particle

counters. The funnel was |ocated toward the end of this
chanber.
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The | ast section was made of hard plastic cut froma
pl astic Erl enmayer flask. This had a conical shape, and
measured 4 inches in diameter at its biggest part and about
2 inches in diameter on its smallest part with a total
| ength of about 3 1/2 inches. The conical shape of the
segnent was chosen to prevent contam nants fromentering the
system This also facilitated the capture of excess
particles | eaving this chanber by the use of an industri al
(4) The Coll ector Assenbly

Four parts conprised the collector assenbly, the funnel,
the glass tubing, the inverted Y attachnment, and the
separate lines leading to the particle counters.

The funnel was nmade of hard plastic nmeasuring 1 1/4 inch
at the opening and tapering to about 3/16 inch which
connected to the glass tubing. This funnel served both
particle counters.

The gl ass tubing neasured 1 foot in length, with an
internal dianmeter of 3/16 inch. At about 8-inch mark away
fromthe funnel, this tubing was bent gradually downward
formng a 90° angle. This end portion of the tubing was
t hen connected to the inverted Y attachnent.

The inverted Y attachment was actually a three-way
connector which was nmade of hard plastic. It was at this
poi nt where the tubing bifurcated with one |line connected to
the Optical Particle Analyzer, while the other line led to

the Acoustical Particle Sizing Device.


NEATPAGEINFO:id=E7C73E8C-1A8F-4E04-986A-E5361291CEBB


23

The line that connected to the Optical Particle Analyzer

was tygon tubing which neasured 15 inches in length and 5/ 16
of an inch in internal dianmeter. The line for the APSD

however was nmade of a clear hard plastic pipette 4 inches in
length and 5/ 16 of an inch in dianeter. This pipette was

bent gradually in a downward position formng an angle of
about 135°.

(5) The Exhaust Collection Unit

An industrial vacuum cleaner served to prevent
contam nants fromentering the test chanmber, and to capture
t he exhaust |eaving the test chamber.
2.2.2.2 Preparation of PSL Sanpl es

The PSL spheres utilized in this study cane from
different conpanies. Both the 0.357 ;umand 0.600 ;um spheres

were made by Dow Chenicals while the 1.0 ;amand 2.02 pm
spheres were brought from Duke Scientific in Palo Ato,
California. All of these synthetic particles were

monodi sperse and were supplied in aqueous media in dropper
tip vials.

Five concentration levels of sanples were nade and

tested for each particle size. For the 0.357 ;umand 0.600
pm spheres the followng formulation was utilized:

Sanple Solution = X + Y (1)

where X = anmount (in m) of the initial concentration
Y = anount (in m) of the solvent
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The specific values corresponding to Xand Y in Eq. (1)

corresponding to each of the five concentration |evels used
in the study are as foll ows:

Concentrati on x Y
Level fin m) finn1)

al N w N R
a » W N R
()] o)) ~ @ ©

In addition, the initial concentration was prepared using
the foll owing fornmnul a:

Eg Itratlon5 dr ops Qféﬁonk ugb vent ~-

where the solvent consisted of 50:50 (% by volune) mxture
of 90% ethanol and distilled water. The original
concentration fromthe supplier was the stock sol ution

For the 1.1 jam and 2.02 /imspheres the sanple sol utions
were prepared differently. The following fornula was used:

Sanple Solution = Z + 10 m. sol vent (3)

where Z = nunber of drops of stock solution, using the
original concentration fromthe supplier.
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The specific values used corresponding to each of the five
concentration |levels used in the study were as foll ows:

Concentrati on z
Level (i n drops)
1 2
2 4
3 6
4 8
5 10

The solvent was the same as that used for the smaller size
PSL spheres.

Just before the particles were dispensed fromtheir
dropper tip vials, the vials were gently shaken or agitated
to insure uniformty. Care was taken not to vigorously
shake the vials to prevent production of bubbles, which may

give msleading results (Duke Scientific Corp. Analytica
Reference Particles Bulletin 81).
2.2.2.3 Procedure for Sanpling PSL:

The fol lowing operation procedures were found to be
sui tabl e based on prelimnary work.
a) The additional dispersion air source was operated at
a flowrate of 1.9 cubic feet per mnute. This air
source was turned-on first before the actual runs in
order to clean the test chanber of contam nants.

b) The nebulizer was operated at 40 PSI, corresponding

to 0.18 m per mnute nebulizer output. It was
cl eaned after every run.
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c) The APSD vacuumwas maintained at 17.0 Lpm

d) Background counts were recorded before each run.

e) The filter for the acoustical elenment was replaced
for each run.

f) Particles were collected starting wth the small est
to the biggest dianeter, and fromthe nost dilute to
the nost concentrated sanple sol ution.

g) The tenperature and relative humdity were recorded.

Using the above standard operating procedures, counts
were recorded every mnute for a 10-mnute sanpling period.
2.2.3 Cigarette Snoke

The standard particle counter for sanpling cigarette
snoke particles was the Gardner Condensation Nuclei Counter
(CNC).  This was selected because it has the capability to
detect very small particles (i.e., cigarette snoke
particles) as well as to count these fine particles at high
concentration ranges.

After prelimnary tests it was realized that it was
necessary to increase the concentration of cigarette snoke
being sanpled in order to evaluate the Acoustical Particle
Sizing Device (APSD). Since the 1.06 mrectangul ar acrylic
plastic chanber used in the prelimnary tests required nore
cigarettes to attain a higher concentration level, it was
decided to use an inverted 4-liter beaker instead, as

particle collecting chamber. By sinply placing the inverted
beaker on a ringstand near the center of the 1.06 nf"

rectangul ar acrylic plastic chanber, and by taking some
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precautionary nmeasures to prevent air contam nants from
entering it, a sinple and inexpensive particle collecting
chanber was constructed. The door of the plastic chanber
was kept detached fromthe chanber in order to facilitate

t he performance of procedures in the study. The upper half
of the plastic chanber was covered by sonme sheets of
conputer paper taped to the plastic chanmber wall. By
placing the 4-liter beaker within this rectangul ar plastic
chanmber, the anobunt of air contam nants, if present, that

m xed with the sanples in the study was mnimzed. 1In

addi tion, both the tygon tubing, which served as the inlet
for the CNC and the acoustical elenent were placed 2 inches
wWithin the inverted beaker. A 2-inch space was al so

provi ded between the two inlets in order not to disturb the
flow of air into the APSD. As an additional step in
safeguarding air quality around the particle collection
chanber, the wi ndows and the door of the room where the
experinment was bei ng conducted, were kept cl osed.

Four 1-mnute sanples of air within the 4-liter beaker
were taken prior to the introduction of the test sanples to
nonitor the quality of air before the test. By using a
match, a cigarette was ignited outside the plastic chanber
and then positioned beneath the inverted beaker. The
cigarette was inserted in the space between the nouth of the
beaker and the clanp which supported the beaker and served

to hold the lighted cigarette. Counts were recorded every
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mnute during a 30-mnute sanpling period. Figure 7 shows

details of the apparatus.

The APSD air flow was set a 17.0 1pm It was observed
for all the trials that at around the 9th m nute of sanpling
the air flow decreased and adjustnents were nmade to bring
the flow back to its original rate.

After each mm, the acoustical elenment was cleaned with
soap and water and the filter for the acoustical elenent
replaced prior to each run. Four additional trials were
made using the same procedures.

2.2.4 Magnesi um Snoke

The Gardner Condensati on Nucl ei Counter was sel ected as

the standard particle counter in the sanpling of snoke
produced by the ignition of strips of magnesium It was
chosen for the same reasons as that of cigarette snoke -
l.e., it is the nore appropriate device considering the size
of the particles and | evels of concentration used in this

st udy.

The same set-up and procedures for sanpling cigarette
smoke were enployed in sanpling the magnesi um smoke. The
only difference was in the container used to hold the
sanpl es.

Four 1-mnute sanples of air inside the inverted beaker
were collected prior to the introduction of the test snoke.
| mredi ately after the air sanpling, an eight-inch strip of
magnesi umwas |ighted and i mediately placed in the
Cor ni ngware bowl beneath the inverted beaker. Counts for
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every mnute were recorded for the 30-mnute sanpling

peri od.
It was observed that inmediately after igniting the

magnesi umstrip, sone smoke overflowed the inverted heaker.
No steps were taken to correct this. At different
occasions, the flame of the magnesiumstrip died
prematurely. |mmediately the unburned portion of the strip
was re-ignited. A sudden decrease in the flowrate of the
acoustical elenment was encountered sometimes. Readjustnents
of the flowin the acoustical element were made.

2.2.5 Aci d-Base Reaction

As with cigarette smoke and magnesiumstrip fumes, the
Gardner Condensation Nuclei Counter was chosen as the
standard or reference.

Wth the exception of the sanple containers utilized,
the two set-ups enployed in this part of the study were the

sane as in the case of the cigarette snoke and magnesi um
smoke. Method 1 utilized a 30-m beaker to hold the

reagents during sanpling while Method 2 used a 50-n

graduated cylinder. The apparatus enployed for the 2

met hods are shown in Figure 8 and Figure 9.
2.2.5.1 Method 1: f30-nm Beaker”

Prior to the introduction of sanples, four 1-mnute
sanples of air inthe inverted beaker were collected. Ten
pel [ets of NaOH were then placed in the 30 m beaker beneath
the beaker and 5-m of concentrated HNO- were poured into
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FIGURE 9. SET-UP USED TO SAMPLE ACI D- BASE
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the beaker using a 10-m pipet. Counts were recorded every
mnute for a period of 30 m nutes.

2.2.5.2 Method 2; f50-m Gaduated Cylinder)

In method 2 a 50-n graduate cylinder was used instead
of the 30-m beaker.

In both methods, it was observed that the flow rate of
the acoustical element decreased slightly after the
introduction of the acid. To maintain the original flow
rate, the rotameter was reset. For both nethods, four
additional trials were conducted utilizing the sanme
procedures nentioned above.

2.2.6 Titanium Tetrachl ori de

It was originally intended to include titanium
tetrachloride anong the test particles for this study.
Prelimnary tests conducted to sanple titaniumtetrachloride
however showed that the flow rate in the acoustical elenent
was markedly decreased after the introduction of the snoke.
Attenpts were made to readjust the flowrate but they
failed. It is probable that the fume produced by the sanple
bl ocked the pores of the nmenbrane filter of the acoustical

element. For this reason, no further tests were perfoirned
on the sanple.

2.3 Mode of Data Anal ysis

To anal yze the data collected fromthis study, the
fol lowing statistical techniques were applied:


NEATPAGEINFO:id=2D409055-9998-4488-BFC0-60C6EA41D6AE

NEATPAGEINFO:id=76FC9FB8-0A15-458D-90D4-50BA3253E2F4


34

a. Conversion of the absolute counts of the nunber of
particles detected by each machine per mnute to the
nunber of particles counted per liter was done to
standardi ze and hence ensure the direct conparability of

the results for the different instruments, in the |ight
of the differences in the flowrate of air needed to

operate them

b. For each trial, mean particle count per liter (X) with
the corresponding standard deviation(s) and coefficients
of variation (CV.) was calculated. The coefficient of
variation was used as a measure of relative variability
between the particle counts of the instruments being
conpared and was conputed to determne which gave the
more variable counts, especially in cases where the

particle counts differed greatly in magnitude. The
correspondi ng formul as are:

Ex
Mean; X =

n

SxM - (2x) Vn

St andard Devi ati on. a— !
S_y n - 1

s
n n

Coefficient of Variation: CV. ="="x |00
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Where X = particle count per [iter for a given instrunent in

C.

a given reading;
n = nunber of readings in a given trial.
Testing of the null hypothesis that there is no
significant difference between the mean particle count

per liter of the APSD and that of the reference machine.
Since the design of the study was such that both

machi nes counted particles for the same sanples, the
paired t-test was used to test the above nul
hypothesis. The formulas for the test-statisticis:

s Vn

where d =l Ln, Lhe.mpan.of the differences between the

N~ NAPSD ~ ACPA or CNC

~V g e di TYer ett@ngard deviation of the

n = the nunber of readings in a given trial.

Computation of Pearson's correlation coefficient, r.
This was used to determne the direction and the

magni tude of the relationship between the particle
counts of the machines being conpared. The fornula for

r is:
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nEXY - ExXEy

where X and Y represent the particle counts per liter of the
APSD and the reference machines, respectively. After ther
val ues were conputed, each one was tested for statistica
significance, using the t-test wth the followng formula:
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3. RESULTS AND DI SCUSSI ON

3.1 APSD Ver sus OPA

The OPA was used as the reference when particle counts
for lycopodi um spores and pol ystyrene | atex spheres were
determned. The results are presented and di scussed bel ow.
3.1.1 Lycopodi um Spores

Wi | e | ycopodi um spores have dianeters of 28 um they
were included in the study to provide baseline infornation
on the conparative perfornmance of the APSD and the OPA when
counting particles larger than 5 um

Tables 1 to 3 show the nean |ycopodi um spore counts per
l[iter for each of the two instrunents under three different
conditions, different concentration |evels of the particles,
and for several trials. In the table, sanple size refers to
t he nunber of readings or counts recorded per trial or test.
Readi ngs were made every mnute within the duration of the
test. In addition, the baseline count of particles before
the introduction of the |ycopodi umspores was al so noted for
both instruments at each trial. Since the baseline counts
were found to be essentially zero particles per liter for
both the APSD and the OPA, these were no longer reflected in

t he t abl es.
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Table 1. Sel ected Statistics for APSD and OPA Counts of Lycopodi um Spores Under Different concentrations

Set-op A
APSD eB&
Sanpl e St andar d St andar d NMean
Concentration/ Si ze X Devi ati on C. V. x Devi at i on C. V. Di ff er ence *= 9
Test No. (n) (pec liter) (9) (in«)  (sec litec) (9) lin %
0.5 gns.
Test 1 12 4.0 2.8 71.0 2.0 1.7 83.0 2.0 4. 947
Test 2 12 3.5 1.9 53. 4 1.9 1.4 72.5 1.6 )
Test 3 12 3.2 1.9 61. 3 2.0 1.5 73.6 1.2 g gi"
1.0 gns
Test 1 14 7.2 5.0 69. 1 3.9 3.0 76.3 3.3 517N
Test 2 14 5.2 4.2 99. 3 4.0 4.9 122.7 1.2
Test 3 14 4.6 3.3 71-8 2.8 2.2 80. 7 1.8 Z %Z'
1.5 gns.
Test 1 14 7.0 4.3 61. 6 5.1 3.6 71.2 1.9 g ZQ/\
Test 2 14 4.9 3.5 71.7 3.1 3.1 100.0 1.8 .51
Test 3 14 4.1 2.6 64. 4 2.9 2.8 96. 6 1.2 5. 83"

" A= §(XMpsD -nopar 11
The t_value was derived using the test-statistic for the paired t-test.

Significant at = .065.
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Table 2. Selected Statistics for APSD end OPA Counts of Lycopodiun Spores Under Different Concentrations)

Set - Up B.
APSD OPA
Sanpl e St andar d St andar d Mean
Concentrati on/ Si ze x Devi ati on C. V. x Devi ati on C. V. Di fference N
Test No. (n) ;per liter) (s) (in % (per liter) (s) (in % ()’ val ue
0.5 gns.
Test 1 14 3.9 2.5 64. 1 2.3 1.4 60. 9 1.6 4 320
Test 2 14 1.3 0.8 61.5 0.7 0.7 100. 0 0.6 5.66
Test 3 14 1.4 1.1 78.6 0.8 0.6 75.0 0.6 . 24™
1.5 gns.
Test 1 14 3.1 1.8 58. 1 1.6 1.4 87.5 1.5 7. 647
Test 2 14 2.6 1.5 57,7 1.8 1.8 100.0 0.8 68
Test 3 14 2.2 1.7 77.3 1.6 1.3 81.3 0.6 9.8-“
2.5 gms.
Test 1 14 3.8 2.4 63. 2 2.7 2.7 100.0 1.1 4, 97
Test 2 14 3.3 2.0 60. 6 2.4 2.0 83. 3 0.9 4. 90
Test 3 14 3.9 2.6 66. 7 2.6 2.8 107. 7 1.3 6. 72-*

"5 = D'APSD - ropas»
The t-value was derived using the test-statistic for the paired t-test.

Signi ficant at = . 05.
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An exam nation of the data presented in Tables 1-3 |ead
to the foll ow ng observations:

a. APSD counts tend to be higher than OPA counts, as
evidenced by the positive signs of all of the nean

di fferences (d).

b. For all the three set-ups the nean |ycopodi um spore
counts of the APSD are significantly higher than
that of the OPA in all of the 3 trials done under
each of the different concentration |evels
consi der ed.

c. The nmean difference (d) of set-up Ctends to be
hi gher than that of set-ups A and B

The different results exhibited under set-up C, as conpared
to set-ups A and B inply that the conparative performnce of
the APSD and the OPA as counting devices for |ycopodi um
spores is dependent on the set-up used. The main difference
bet ween set-ups A, B and C was the nunber and position of
the bl ower fans used inside the chanber which affected the
direction of the novenents of the particles after they were
di spersed, and eventually, their probability of entering the
inlet of the APSD or the OPA and be counted. Under set-up A
for instance, the single fan placed 2 feet above the floor
directed themto the opposite end of the chamber and hence
particles entered through the inlet of the counting devices
basical |y through suction. In contrast, the two fans placed
on the floor facing each other under set-up C allowed the
particles to settle down and be blown up again after
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di spersion. Since the opening of the inlet of the APSD is
|arger than that of the OPA it has a higher probability of
catching nore particles in the natural process of settling
down or being blowup again, in addition to those which
enter the inlet through suction. This can probably explain
the significantly higher particle counts for the APSD under
set-up C

Anot her way of comparing the particle counts of the APSD
and the OPAis by looking at their correlation - i.e., by
i nvestigating whether APSD counts are high when OPA counts
are high, and vice versa. Pearson's correlation coefficient
(r) was conputed for this purpose. Thirty out of 33 trials
done for |ycopodi umspores had correlation coefficients of
at least 0.90 inplying a very high positive correlation
bet ween APSD and OPA particle counts. Figure 10 shows the
scatterpoint diagramof the two counts for |ycopodi um spores
at 0.5 gns. concentration during the first trial of the
different set-ups. The conputed correlation coefficients
for the 33 different trials and their corresponding t-val ues
are shown in Table Al of the Appendi x.

3.1.2 Polystyrene Latex Spheres (PSL)

The only particle with diameter below 5 umfor which the
APSD was tested against the OPA was pol ystyrene |atex
spheres (PSL). In order to see how the APSD perform under
different conditions, four different dianeters and five

different concentrations were considered, resulting in 20
different trials of 10 readings each. For each diameter
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size, a baseline particle count was detenni ned by counting

t he number of particles in the solvent, before the addition
of the PSL. As in the |ycopodium spores, the nean

di fference between the APSD and OPA PSL counts per liter was
determ ned for each trial, and tested for statistical
significance by using the paired t-test.

Tabl e 4 shows the results of the APSD and OPA counts

under different conditions. Anmong the inportant
observati ons that can be nmade fromthe table are as foll ows:
a. For the APSD, there is no significant difference
bet ween t he nean nunber of particles counted per
liter at baseline (i.e., for solvent only) and the
nmean nunber counted after the additi on of PSL. I n
contrast, the nean nunber of particles in the
sol vent detected by the OPA is nil conpared to the
deri ved neans after the addition of PSL
b. There is very little variation in the nean nunber of
PSL spheres detected per liter by the APSD, between
the different concentration | evels. In the case of
OPA however, the mean nunber of PSL spheres counted
per liter varies greatly and consistently increases
as one changes the concentration fromthe nobst
dilute (Cone. 1) to the nost concentrated (Cone. 5).
For exanple, for PSL spheres with a di aneter of
0.357 um the nean count per liter increased from
236,924.9 particles per liter for concentration 1 to

419,117.2 particles per liter for concentration 5.
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Tabl e 4.
Concentrations and Dl euneters.
APSD
Sanpl e St andar d
D anet er/ Si ze x Devi ati on
Concentrati on (n) (loer liter) (s)
0.3 57 unt
Sol vent Only 5 37.4 0.3
Cone. 1 10 39.5 1.8
Cone. 2 10 39.0 2.0
Cone. 3 10 38. 3 1.0
Cone. 4 10 34.4 1.5
Cone. 5 10 34.4 1.4
0.6 um
Sol vent Only 5 37.4 0.3
Cone. 1 10 36. 4 1.4
Cone. 2 10 37.0 1.1
Cone. 3 10 37.4 1.0
Cone. 4 10 37.4 1.5
Cone. 5 9 37.3 1.1
ANCone. 1 =1 m. initial concentration + 9
Cone. 2 = 2 m. initial concentration + 8
Cone. 3 = 3 n. initial concentration + 7
Cone. 4 = 4 m. initial concentration + 6
Cone. 5 = 5 m. initial concentration + 5
Significant at = .001
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Tabl e 4

_APE|
Sanpl e St andar d
Di anet er Size X Devi ati on
Concentrati J2D (ILL (p«c litexl IblL
1.10 unt
Sol vent (nly 5 40.7 1.2
Cone. 1 10 41. 3 1.4
Cone. 2 10 41.7 1.6
Cone. 3 10 40. 4 1.6
Cone. 4 10 41. 8 1.2
Cone. 5 10 41. 8 1.4
2.02 unt
Sol vent (nly 5 40.7 1.1
Cone. 1 10 42.0 2.0
Cone. 2 10 42. 8 1.6
Cone. 3 10 43.5 1.4
Cone. 4 10 43. 1 1.4
Cone. 5 10 41. 8 1.2
®oone. 1a= 2 drops initial eoncentration *
~ Cone. 2a 4 drops initial coneentration *
Cone. 3 - 6 drops ihitial eoneentration ™
Cone. 4" 8 drops Initial eoncentration
I “+

(Conti nuation)

Cone. 5 > 10 drops initial

I Significant at

. 001.
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c. There is a tremendous difference in the nunber of
particles counted by the APSD and the OPA. In
addition, the snaller the diameter of the PSlI, the
|arger the difference in the counts between the two

nmachi nes.

The above findings seens to |end enpirical evidence to
sonme observations made that the APSD is not a sensitive
counting device for detecting snmall particles. In fact, the
above results seemto indicate that the counts registered by
the APSD do not reflect PSL counts at all but probably some
ot her phenonenon al ready present even when it was j ust
counting particles for the solvent only. The results of the
correlation analysis, which are shown in Table 5, further
support this finding. Fromthe table, one can i mediately
observe the absence of a consistent pattern with respect to
the direction and strength of the relationship between APSD
and OPA counts of PSL spheres. Wile in the case of
| ycopodi um spores the conputed correlation coefficients
bet ween the APSD and OPA particle counts were all positive
with values of at |east 0.7046, in the case of PSL spheres
the absol ute values of r ranged fromO0.0615 to 0.7134, about
hal f of which were negative inplying an inverse
rel ationship, and none of which turned out to be
statistically significant. These findings inply that, using
the set-up used in this study, the APSD cannot be used as a
counting device for PSL spheres both in the quantitative
(i.e., determning actual nunmbers) or in the qualitative
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Correl ation Coefficient (r) and
Table . Egﬂg(s)no% mg t - Val ues Between APSE) and CPA Count s
ne

for Po St gt ex ngheres at Different
Concent ons an ters
_ Sanpl e
Particle Size/ Si ze Pearson’ s t
Concentrati on ___Cni- Val ue
0. 357 um
Cone. 1 10 -0.7134 -2. 88
Cone. 2 10 -0. 0615 -0. 17
Cone. 3 10 -0. 2794 -0. 82
Cone. 4 10 - 0. 0910 -0. 26
Cone. 5 10 -0.1100 -0, 31
0. 600 um
Cone. 10 0. 4653 1 49
Cone. 10 0. 1530 0 44
Cone. 10 0. 4375 1 38
Cone. 10 -0.5411 -1 82
Cone. 9 -0.3470 -0 .98
1. 10 um
Cone. 1 10 0.2722 0. 80
Cone. 2 10 0. 1579 0. 45
Cone. 3 10 0. 1429 0.41
Cone. 4 10 0. 2418 0.70
Cone. 5 10 -0. 2074 - 0. 60
2.02 um
Cone. 1 10 0. 2835 0. 84
Cone. 2 10 0. 3162 0. 94
Cone. 3 10 - 0. 2825 -0. 83
Cone. 4 10 0. 5624 1.92
Cone. 5 10 - 0. 1593 - 0. 46
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(i.e., as a rough indicator of whether the levels are high
or |l ow) sense.

Since the counts registered by the APSD seemnnot to be
affected at all by the amount of PSL particles in the
chanber, an inportant point to consider is what they
actual |y represent. Although the analysis of the set-up
vis-a-vis the counts produced was no |onger part of the
scope of this study, observations made on the machines
during the study tend to suggest the hypothesis that the use
of the Y-attachment to join the inlets of the tubings of the
APSD and the OPA nay have affected the air flow entering the
acoustical element capillary and eventually the resulting
counts. It is possible that a different set-up may have

elicited different results.

3.2 APSD Ver sus CNC

In addition to PSl spheres, the study tried to eval uate
the conmparative performance of the APSD as a counting device
for nore mnute particles |ike that of cigarette snoke
magnesi um snoke, and aci d-base test. As mentioned in the
earlier sections, the Gardner Condensation Nuclei Counter
(CNC) was used as the reference machine for this purpose

since it is nore appropriate than the OPA in counting very
fine particles at high concentration |evels.
3.2.1 Cigarette Snoke

The results for the 5 trials done on cigarette snoke are
shown in Table 6. At baseline, before the introduction of
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Table 6. Selected Statistics for APSD and CNC Counts of Cigarette Soke and Magnesium Swoke Particles

Type of
Particl e/
Test No.

Cigarette Snoke

Test
Test
Test
Test

Test

Magnesi um SBi oke

Test
Test
Test
Test

Test

1
2
3
4
5

1
2
3
4
5

Sanpl e
Si ze

30
30
30
30
30

30
30
30
30
30

(n)

Basel i ne:
Count / -
liter-n

© © o 0o

©o oo oo

.04

06
13
09

.04

.10

06
10
04
10

X

APSD

(per liter)

(0]
(0]

© oo p

. 65
. 60
.23
.44
.81

03
02
51
75
.49

St andar d
Devi ati on

(s)

P ook p

S
A O N 0w ©

0o
10
39

.98
.76

C. V.

(in %A

153.
183.
169,

222.
217.

475.
410.
333.
394.
489.

W N o W ®

® N W © ~

Basel i ne

Cpunt/
litern

3. 7x10"
3. 4x107
4. 1x10"
3. 8x10"
3. 8x10"

8. 2x10’
8. 2x10"
5. 0x10*
5. 0x10*
6, 0x10*

x

per liter

2. 6x10"
2. 1x107
2. 1x10"
2. 6x10"
1. 7x10"

2. 5x10"
6. 2x10""
1. 0x10"
2. 0x10"

2.5x108

CNC
St andar d
Devi ati on
(s)

2.7x10"
2.6x10"
2.7x10"

2.8x109

2. 3x10"

1. 3x10’

1.9x10°

2, 5x10"
4, 0x10"
1. 3x10"

Mean
c v Di f ference
(in % (d)

103.8 -2.6x107
123.8 -2.1x10"
128.6 -2, 1xl 0"«
107.7 -2.6x10"
135.3 -1.7x10"

52.0 -2.5x10
306.4 -6.2x10'
250.0 -1.0x10"
200.0 -2.0x10
520.0 -2.5x10°

_ DA COUM BT P8 R Ml COY ik 6 Wbk men RS hely e the Introduction of the parti cles
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cigarette snoke, the APSD detected practically no particles
at all inthe air while the CNC detected 3 to 4 mllion
particles. After the introduction of cigarette snoke, the
CNC counts tremendously increased to at least 1.7 billion
particles per liter. The APSD counts on the other hand were
slightly higher than that at baseline, but the neans were
still less than 1 particle per liter. Since the difference
in the mean particle counts between the two machines were so
large, the paired t-test was no |onger done. Qoviously, the
APSD was not able to detect at all the cigarette smoke
particles.

The correlation analysis done on the data showed at nost
only a moderate relationship between the APSD and CNC
counts. A though 4 out of the 5 runs had r val ues which
turned out to be statistically significant, the maxinum
val ue attained was only 0.596. These are shown in Table 7.
3. 2.2 Magnesi um Snoke

The results for magnesium snoke particles are simlar to
those of cigarette smoke. At baseline, the APSD practically
did not detect any particles inthe air. After the
introduction of magnesium smoke, the mean val ues were |arger
than that at baseline although the maxi num mean nunber of
particles detected was only 2.02 per liter. On the other
hand, the CNC had a nean count of at [east 5 mllion
particles per liter at baseline. This increased to at nost

2.5 billion particles after the introduction of magnesium
smoke. The results are in the second portion of Table 6.
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Table 7. Pearson's Correl atj
"BSPPAPLAE &
EOFTBPPPRALAG
Sanpl e
Type of Part iclel Si ze
Test . (n)
Ci garette snoke
Test 1 30
Test 2 30
Test 3 30
Test 4 30
Test 5 30
Magnesi um Snoke
Test 30
Test 30
Test 30
Test 30
Test 30
Aci d- Base Test
(Set-Up A
Test 1 27
Test 2 30
Test 3 30
Aci d- Base Test
(Set-up B)
Test 1 30
Test 2 30
Test 3 30

* Hghly significant,

il

on Coefficient

BLUGE BEHIRELEPS

Pear son' s

r

. 506
. 596
. 182
547
. 475

ocoooo

. 999
. 938
. 778
. 325
. 999

e el eoNeNo]

0. 906
. 253
. 960

(o]

0. 699
. 981
. 958

[eNe)

o < .001.

Br

) and
and CNC

Val

NWOWW

118.
14.
. 55*
. 82
118.

10.
. 38
18.

52

Count s

ue

. 10*
. 93*
. 98

. 46%*
. 86*

23*
31*

23*

70%*

14*

AT
26.
17.

76%*
68*
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When the counts of the two nachines were correlated with
each other, correlation coefficients of at [east 0.94 were
derived in three out of the five trials done, inplying a
very strong positive linear relationship between the APSD
and CNC counts of magnesi um snoke particles. This nmeans
that although there was a very large difference in the
actual magnitudes of their counts, when the CNC count was
hi gh, the APSD count also tended to be high; when the CNC
was | ow, the APSD count also tended to be Iow. Hence the
APSD can be used to detect the presence of magnesi um snoke
particles only fromthe qualitative viewoint (i.e., high
versus | ow) through conparison with counts made at ot her
time points.

3. 2.3 Aci d-Base Reacti on

Two set-ups were used to test performance of the APSD as
a counting device for particles fromthe reaction of sodium
hydroxi de (NaCH) pellets and nitric acid (HNO ). For each
set-up, three trials or tests were done for 30 m nutes each,
resulting in 30 readings per trial. The results are shown
in Table 8.

The patterns exhibited in the case of cigarette and
magnesi um snoke particles also apply to particles fromthe
aci d-base reaction. Wile the nean count per liter of the
CNC was at least 4 mllion particles, the nost that the APSD
was able to detect was a nean of 7.46 particles per liter,
whi ch was derived during the first trial of Set-Up A It

was al so observed that the nean particle counts under set-up
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Table 8. Sl grigd Statisfies |

or APSD and CMC Counts of Particles fromthe Acid-Base Reaction Gsing Two

N . APSD CcMC
e o S | B i : asel i ne
S)e/t)- Up/ iingee Og_lslﬁt /I -ne x Iitejin:tairgn C. V. (Bloun’lcl x i\ingtalr gn C V. Di ;vfe:?ence
Test No. (n) liter-» (per liter) (s) (in % liter-n per liter (s) (in % (d)
Set-Up A
(Beaker)
Test 1 27 0. 46 7.46 21.5 288. 2 6.0x10" 5. 9xl0'" 2. 6x10" a40.7 -5,9x10"
Test 2 30 0.62 5.78 24.4 422. 1 6.0x10"  9-4x10° [.1xio" 117.0 -9, 4x10"
Test 3 30 0.60 5.01 16.7 333.3 5.5x10"  7.9x10" 6. 6x10° 83.5 -7.9x10"
Set-Up B
(G aduat ed
Cyl i nder)
:est 21 30 0.31 0.70 2.5 357.1 3.4x10" 5.2x10" 3.0x10 57.7 -5.2x10"
est 30 0.34 0.73 1.6 219.2 4, 1x10" 5.5x10" 7.0x10" 127.3 -5.5x10"
Test 3 30 0.78 0.73 1.5 205. 5 3. 4x10M 4. 2xa0n 3. 1x107 73.8 -4.2x10*
P%%lelcgrg%dcwr&turregf ?re§|te%tt %el wﬁtalnalofcw]e rea%| st ereq l? u'[rh%nl’é@%lln 1es tg fn re the introduction of the particles.
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A was at |east 7 times higher than the neans under set-up B.
Thi's was an expected finding however which resulted fromthe
difference in the shape and the size of the nouth of the
beaker and the graduated cylinder.

The correlation analysis between the APSD and CNC
particle counts showed that of the six trials done for both
set-ups, four had a correlation coefficient, r, of at |east
0.91 while another trial had an r value of 0.69. Al of
these were highly significant (p < .001). Therefore, as in
the case of magnesi um snoke particles, the APSD can he used

as a crude detector of particles froman acid-base reaction
only in the qualitative sense.
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4. SUMVARY OF RESULTS AND RECOMVENDATI ONS

The best way to summarize the results of this study is
to go back to its specific objectives and enunerate the

pertinent findings under each of them These are presented

in tabul ar form bel ow.

Table 9. Specific Objectives of the Study with

Cor r espondi ng Fi ndi ngs.

Speci fic Objective

Resul t

To conpare the particle
counts of the APSD with

t hat of the OPA for

pol ystyrene | at ex
spheres of different
di ameters (0.357 um
0.60 um 1.10 um and
2.02 un).

To conpare the parti -
cl e counts of the APSD

with that of the OPA

for pol ystyrene | atex

spheres of different
concentration | evel s.

The nmean OPA particle counts
per liter were significantly
hi gher than the correspondi ng
APSD count s. The small er the
di aneter, the larger the nean
difference in the counts, with
the differences ranging from

235 particles per liter (2.02
um Cone. 1) to 415, 704
particles per liter (0.357 um

Cone. 5).

There was very little variation
in the mean nunber of PSL
spheres detected per liter by

t he APSD, between the different
concentration | evel s. In the
case of the OPA however, the
mean nunber of PSL spheres
counts per liter varied greatly
and consistently increased, as
t he concentration | evel was

changed fromthe nbpst dilute to
t he nbst concentr at ed.
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Table 9. (Continuation)

Specific Objective Resul t

rticl ﬁ The mean particle counts
D W t between the two machi nes
cl

es differed at |east by

To conpare the
countgpof t he B

the CNC for partl

fromthe foll oui ng: mllions of particles, with
ﬁégﬁégfﬂﬁlg??|e fure. }h? APSD nean counts er0 ’a
iter ranglng on rom
actd-base reacti on. eartlc es areYtg snoke) to
46 particl £a0| base, setﬂ
up A. In the ase of
partlc ron1nagne5|un1snnke
and acl ase reaCtion however
t here nas a very strong
ositive linear correlation
et ween APSD and CNC counts.
Jo compare the pera = The APSD cannot detect parti-
i d cles wth diameters bel ow 5 um
?ﬁrasﬁgFP 'ggt gyége using the different set-ups
SR P T oW usedin thi's study. In the case
5 umwith its per of l'ycopodj um spores, there
; wh P ot was Significant difference
or mance en count = bet ween t he APSD and OPA
'”QCLyﬁgegdgthg g{gs counts. However, there is a
of 28 umn ver tron ositive |inear
cor atio et ween APSD and

OPA counts Care nust be taken

ininter retlnﬁ and ut|I|2|ng
counts since the resulting
f|gures are al so set-up

eC|f|c even for |arger
rticles.

Thi's study is sinply a scratch on the surface, in terns
of exploring the full potentials of the APSD as a counting

device for small particles. By providing enpirical evidence
on the conparative performance of the machine for different

types of particles under different conditions, hopeful ly it
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can be used as a basis for generating hypotheses which wll
stinulate further work. However, in the attenpt to maxinze
the types of particles and variety of conditions covered

Wi thin the time constraints of doing this study, crude
measures of machine performance were resorted to like the
sinple conmparison of the mean particle counts per liter. A
second step towards this end would be to assess machine
performance by using nore sensitive indicators |ike the
determnation of its absolute sanpling efficiency or its
absol ute detection efficiency for the different particles
considered in this study. The data could also he anal yzed
considering the efficiency of the reference machines.
Finally, the analysis of the results presented has been
focused on the quantitative findings. A more conplete
picture can be presented if an in-depth analysis can be done
on the qualitative aspects of the study such as relating the

resulting counts to the different mechanisms and principles
behi nd each set-up used.
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Table Al Pearson's Correlation Coefficient (r) and corresponding t-values Between APSD and OPA
é% er %erent Set - ?B ﬂd

Counts for t|yc0p0d|un1 por es

Sanpl e
Concentration/ Si ze
Test No (m

0.5 gram

Test 1 12

Test 2 12

Test 3 12
1.0 gram

Test 1 14

Test 2 14

Test 3 14
1.5 grans

Test 1 14

Test 2 14

Test 3 14
2.0 grans

Test 1 -

Test 2

Test 3
2.5 grans

Test 1

Test 2

Test 3

Concentrati ons.

Set-UD A Set-Up B
. Sanpl e Sanpl e
Pear son's t Si ze Pear son' s t Si ze
r val ue (n) r Val ue (n)
0. 9415 8. 83* 14 0. 9059 7.41* 14
0. 8439 4. 97* 14 0. 7046 3. 72* 14
0.9473 9. 35* 14 0. 8138 4. 85* 14
0. 9445 9. 96* 14
0. 9661 12. 96* 14
0. 9389 9. 45* 14
0. 9662 12. 98* 14 - 0.9204 8. 16* 14
0. 9849 19. 71* 14 0- 9605 11. 96* 14
0. 9656 12. 86* 14 0.9188 8. 06* 14
14
14
- 14
14 0.9422 9. 74* 14
- 14 0. 9415 9. 68* 14
14 0. 9698 13. 77* 14

Highly significant, p < Q'GCS

o [eNeNe] [eNeNe] [eNeNe]

o

Set-Up C

Pear son' s

r

. 9591
. 9716
. 9601

. 9878
. 9814
. 9663

. 9837
. 9355
. 9551

. 9913
. 9841
. 9808

. 9619
. 9760
. 9784

Val ue

11.
14.
11.

21.
17.
13.

18.
R
11.

26.
19.
17.

12.
15.
16.

74*
22*
89*

97*
71*
00*

95*

17>

09*

19*
42*

19*
53*
40*
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