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OPERATING MANUAL FOR ANDERSEN SAMPLERS, INC.
VIABLE (MICROBIAL) PARTICLE SIZING SAMPLERS

. I. PREFACE

The assay of the m;crobial content of the air has become increasingly

more significant in the past decade as the need for "contamination-free"
envirorments has become more apparent. The treatment of .-hospital patients,
medical.as well as surgical, who are high risk candidates for infection;
the manufacture and processing of sterile materials and pharmaceuticals,
and the increased use of these products; the massive production and wide

distribution of convenience foods; and the growing emphasis on consumer

protection have all contributed to the need for controlled environments.

Biological aerosols have been defined as viable biological éontaminants
occurring as solid or liquid particles in the air. These particles can
vary in size from viruses less than 0.1 micron in diameter to fungal spores
100 or more micréns ip diameter. They may occur as single, unattached

organisms or as aggregates,

Viable.particle samplers have been generally used to collect and assay
aerobic species of bacteria and fungi. Even though many viable samplers,
including the Andersen Samplers, will collect some virus particles, there

ié no convenient, practical method for the cultivation and enumeration

of these particles. There are two constraints on all viable particle
samplers for which there is no analog in the assay of nonblological aerosols.
First, the particle must be separated from the air for any viability assay,

and second, the ability to reproduce (viability) must be demonstrated.

The purpose of this manual is to outline proper methods for the assay of

biological aerosols using the andersen 2000 Inc. Viable Particle Samplers.
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II. INTRODUCTION

SIX-STAGE VIABLE PARTICLE SAMPLER

The Andersen 1 ACFM six—-stage Viable Particle Sampler is a multi-orifice,

cascade impactor which is normally used to measure the concentration and

particle size distribution of aerobic bacteria and fungi in the intra-

mural or ambient air. This instrument has been widely used as a standard

for enumerating the viable particles in a microbial aerosol. Viable

particles can be collected on a variety of bacteriological agar and

‘incubated in situ for counting and identification.

This sambler was calibrated so that all particles collected, regardless of
physical size, shape, or density are sized aerodynamically and can be

directly related to human lung deposition.

TWO-STAGE ALUMINUM VIABLE PARTICLE SAMPLER

The Andersen 1 ACFM two-stage Viable Particle Sampler is also a multi-
orifice cascade impactor. This unit is used whenever a size distribution

is not required and only respirable-nonrespirable segregation or total

 counts are needed. Ninety-five to one hundred percent of the viable

particles above 0.8 microns in an aerosol can be collected on a variety
of-bacteriological agar.
This sampler separates viable particles into two size ranges with
the 50% cut-off diameter of Stage I at 8.0 microns for spherical
',

particles of unit density.1 The sampler operates like the two~stage

disposable sampler. However, it is fabricated of aluminum and is

reusable.




A brief description of the operation of the ﬁiable particle samplers

follows:

1. Six-Stage Viable Particle Sampler

a. Collection plates are prepared by aseptically pipetting 27ml
of sterile bacteriological agar (45-50°C) into each of six
glass Petri dishes supplied with the instrument. The Petri
dishes must be sterilized prior to filling. Petri dishes,
other than those supplied, cannot be used since this would alter
the distance between the jet orifice and the collection surface
of each stage.2 Plastic Petri dishes should not be used because
the static charge generated reduces the collection efficiency.

b. Any general purpo;e, solid bacteriological medium, such as
trypticase soy agar or blood agar, can be useq for the collection
plates. Selective media are not recommended since they inhibit
the repair and growth of injured or stressed cells.

c. One collection plate, with the cerr remoﬁed, is inserted on
each stage of the sampling instrument.

d. The air to be sampled enters the inlet cone and cascades through
the succeeding orifice stages with successiﬁely higher orifice
velocities from Stage 1 to Stage 6. Successi&ely smaller

1,
particles are inertially impacted onto the agar collection

surfaces.



treasingly
fnation-free'
spital patients,
>r infection;
rmaceuticals,
tion and wide
on consumer

sanvironments.

contaminants
articles can
to fungal spores

unattached

t and assay

ible samplers,
rticles, there
:numeration

2 particle
>logical aerosols.
7iability assay,

nonstrated.

the assay of

ticle Samplers.

-
le particlesrare retained on the agar plates, and the
ust air is carried through the vacuum hose to the
um source (pump or in-house vacuum system).
maximum collection efficiency, a constant air sampler
of 1 ACFM must be provided. This constant flow is o
ided with a continuous-duty vacuum pump, and is controlled
1 adjustable valve on the pump. Periodic calibration is
mmended (See Section VI). Another method of assuring é
:ant flow would be to insert an airflow meter (not provided),

a minimum capacity of 1 ACFM (28.3 liters/min.) in the

im hose betweenthe Sampler and the vacuum source. This

ieter should be calibrated, using a Wet-Test or Dry-Test

eter, by the user.

'sampling is completed, the sampling time is recorded; the
collection plateé aré removed from the sampling instrument,
he cover is replaced on each Petri dish, Identify each

as to sample and stage number (i.e., 1-1, 1-2, 1-3, etec,).
all agar plates, inverted to prevent condensation drip,
incubator at 35°C for 18 to 24 hours, Plates can be

ited at room temperature if the user is most interested in
mmental bacteria whose optimum growth temperature is lower
rody temperature or at 20° to 25°C for maximum recovery of
incubation, the number of colonies on each plate are

-d, using a standard bacterial colony counter,

g the air sample flow rate and the sampling time, the
umber of viable particles (aerobic bacteria and/or fungi)
it volume of air can be calculated, and the percent of

les in each size range can be estimated.




2.

Two-Stage Viable Particle Samplers

a.

Collection plates are prepared by aseptically pipetting 20ml
of sterile bacteriological agar (45-50°C) into each of two
sterile 100x15mm plastic, disposable Petri dishes. An anti-

static chemical has been incorporated into the plastic used

' to fabricate the disposable sampler. Commercially available

agar plates (20 ml agar) can be substituted for user-prepared
collection plates.

Any general purpose, solid bacteriological medium, such as
trypticase soy agar, or blood agar, can be used for the
collection plates. Selective media are not recommended since
they inhibit the repair and growth of injured or stressed
cells.4

One collection plate, with the cover removed, is inserted on
each stage of the sampling instrument.

The air to be sampled enters the jet orifices of Stage I

and cascades through the jet orifices of Stage II with a
higher orifice velocity through Stage II than Stage I,
Smaller particles are inertially impacted on the agar plate
in Stage II than.in Stage I.

Viable particles are retained on the agar plates, and the
exhaust air is carried through the outlet in the base of the

instrument, and the vacuum hose to the vacuum source (pump

or in-house vacuum system).

For maximum collection efficiency, a constant air sample

flow of 1 ACFM must be provided. To assure this constant
flow, a critical orifice has been incorporated into the _.._—_.
outlet in the‘base of the instrument., Any vacuum source

which is the equivalent of 10 inches of mercury or more
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will maintain a flow rate of 1 ACFM (28.3 liters/min).

An airflow meter is not required unless it is desired

to sample at a flowrate less than 1 ACFM.

After sampling is completed, the sampling time is recorded,
the agar collection plates are removed from the sampling
insgrument and the cover is replaced on each Petri dish.
Identify each plate as to sample and stage number (i.e.,
1-1, 1-2).

P;gce both agar plates, inverted to prevent condensation
dfip, in an incubator at 35°C for 18 to 24 hours. Plates
can be incubated at room temperature if the user.is most
interested in environmental bacteria whose optimum growth
temperature is lower than body temperature or at 20-25°C
for maximum recovery of fungi.

After incubation, the number of colonies on each plate are
counted using a standard bacterial colony counter.

Knowing the air sample flow rate and the sampling time,

the mean number of viable particles (aerobic bacteria and/or
fungi) per unit volume of air can be calculated and the
percent of particles in the respirable (Stage II) and

nonrespirable (Stage 1) size ranges can be estimated.




III. AERODYNAMIC PARTICLE SIZING

The design concept of the Andersen Viable Samplers evolved from

the following information:

The human respiratory tract is an aerodynamic classifying system

for airborne particlesS. A sampling device can be used as a
substitute for the respiratory tract as a collector of viable
airborne particles and as such, it should reproduce to a reasonable
degree the lung penetration by these particles. The fraction of
inhaled particles retained in the respiratory system and the site of
deposition vary with all the physical properties (size, shape,
density) of the particles which make up the ae?odynamic dimensions?
(Figure 1). Because the lung penetrability of unit density particles

6

is known® and since ‘the particle sizes that are collected on each
stage of the Andersen Viable Samplers have been determined, if a
standard model of these samplers is used according to standard
operating procedure, the stage distribution of the collected material

will indicate the extent to which the sample would have penetrated

the respiratory system,

Numerous small round jets improve colléctiOn (impaction) efficiency
and provide a sharper cutoff of particle sizes on each stage of
inertial impactors7. Thus, the Six-Stage Sampler with 400 small
round jets per stage and the Two-Stage Sémpler with 200 tapered
round jets per stage meet all the criteria for the efficient B
collection of airborne viable particles. Recent reports have
discussed a reduced efficiency in cascade impactors when particles

bounce off the impaction surface, are reintrained and lost in the
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exhaust air8. This effect is minimized when a sticky agar surface

is used as the collection medium,

ANDERSEN SAMPLERS —~
Simulates Human
Respiratory Syswein

STAGE 1 ..
7 microns & above

STAGE 2 Figure 1. Andersen Sampler
2.7-7 ghans Simulates Human
STAGE 3 Waches 4 J/// Respiratory System
3.3—-4.7 bronch

STAGE 4

2.1-3,3

STAGE § B 'm

1.1—-2.1 " bronch

063oTy  wea [ S

L

The-earliest and moét fundamental work in inertial impaction theory
was conducted in the early 1950's by Ranz and Wong.9 In this work,
Ranz and Wong showed that the collection of a particlé by an obstacle
is a function of what is defined as the.inertial impaction parameter:

CoUD 2
™

= 18uD
c

Where U is the relative velocity, p is the particle density, Dp is the
particle diameter, p is the gas viscosity, Dc 1s the diameter of the

round jet, and C is the Cunningham slip correction factor.

Data from inertial impactors are normally presented as 50% effective
cutoff diameters. For the Andersen Impactors, containing round jets
and flat collection surfaces, the 50% effective cutoff diameter would

[

yield a value of 0.14 for the inertial impaction parameter K.




The Cunningham slip correction factor is equal to:

C=14+40.16 x 10"4/Dp for normal temperatures and pressures.
This factor corrects for the fact that as particle diameters approach
the mean free path length of the gas molecules, they tend to "slip"
between gas molecules more easily and are therefore more easily able
to cr8§§ the bulk flow stream lines. The collection efficiency is
therefore slightly greater than would be predicted by inertial impaction
theory for particle diameters on the order of 1 or 2 microns. The
overlapping of particle size between stages, which is naturally inherent
in all cascade impaction devices, is minimized in Andersen's gamplers
by design. Ranz and Wong (1952) stated that as a particle passes
through a jet, its nearness to the axis of the jet is one of the factors
that determines whether or not the particle will reach the impaction
surface. In contrast to competitive saﬁplers which have larger rectangular
jets in each stage, the Andersen sampler has 400 small, round jets.
Travel of the particle is thus confined near the axis of the jets.
The average distance of the particles from the axis of the jets is
less than in other impactors.  Ranz and Wong (1952) also stated that
round jets have sharper cutoffs than rectangular jets. The Andersen
sampler, therefore, on a theoretical basis, should have a sharper

cutoff.7

Another inherent advantage of the Andersen Air Samplers over its
competitors is that single circular orifice and multiple rectangular
orifice impactors by design must operate with higher orifice velocities.
This results in more turbulent flow, greater re-entrainment, and a
skewing of the size distribution toward tbe lower end (i.e., the

indicated size distribution being smaller than it really is).
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IV. IMPACTORS

SIX-STAGE VIABLE PARTICLE SAMPLER

1. Description
The Andersen 1 ACFM Viable Particle Sampler is constructed with

six aluminum stages that are held together by three spring clamps and
gasketed with O-ring seals (Figure 2). Each impactor stage containsg
multiple precision drilled orifices. When air is drawn through the
sampler, multiple jets of air in each stage direct any airborne
particles toward the surface of the agar collection surface for that
stage. The size of the jet orifices is constant for each stage,'but
is smaller in each succeeding stage. The range of particle sizes
collected on each stage depends on the jet velocity of the gtage and
the cutoff of the previous stage. Any particle not collected on the
first stage follows the air stream around the edge of the Petri dish
to the next stage.

Each stage contains 400 orifices with diameters ranging from 1.8] mm
on the first stage to 0.25 mm on the sixth stage. Each stage has a
removable glass petri dish with metal cover. The exhaust section of
each stage is approximately 19 mm larger in diameter than the Petri dish
which allows unimpacted particles to go around the dish and into the
next stage (Figure 3).

The Andersen Six~-Stage Viable Particle Sampler and Vacuum pump
include their own carrying cases for ease of portability (Figure 4).
Case dimensions are.9.3/8" wide x 8 3/4" high x 5" deep. Complete
sampler and vacuum pump weights including carrying cases are 6 1/4
pounds and 12 pounds respectively.

A constant air sample flow of 1 ACFM is provided by a continuous

i

duty vacuum pump. Flow rate is controlled by an adjustable valve on
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the pump and periodic calibration is recommended. ' Requirements

for flow rate adjustments can be found in Section VI.

Figure 2,
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Figure 3.

Schematic Diagram of the

Andersen Six-Stage Viable

Sampler

Andersen Six-Stage Viable Sampler

Figure 4.

Andersen Viable Sampler
with Vacuum Pump and
Carrying Case (only one
shown)



The jet orifice dimensions and particle gize ranges for each stage are:

STAGE ORIFICE DIAMETER (mm) RANGE OF PARTICLE SIZES (MICRONS)
1 1.81 7.0 and above
2 0.91 4,7 - 7.0
3 0.71 3.3 - 4,7
4 0.53 2,1 - 3.3
5 0.34 1.1 - 2.1
6 0.25 0.65 - 1.1

(]

2. Assemblz

The orifice stages should be cleaned and disinfected each ﬁime the
instrumgnt is used. A mild detergent and warm water are sufficient for
cleaniﬂé. The soaé can be removed by holding the stages under hot
running{water or immersing them in clean water in an ﬁltrasonic cleaner.
Each stage should be examined for any material in the jet holes. If
holes are plugged, or partially plugged, a jet blast of dry air or a
portaﬁle Freon gun is effective in cleaning them. Just before use, wipe
all surfaces with 702'isopropy1 ;lcohol using a gauze pad,

The complete impactor assembly consists of an inlet cone, six
stages, and 12 glass Petri dishes (includes 6 spare dishes). The
stages are inscribed 1, 2, 3, 4, 5, and 6. Each stage contains an
O-ring (neoprene standard, Teflon optional) for sealing. These O-rings
should be checked regularly and replaced when they no longer provide an
air-tight seal,

The assembly of the six-stage impactor begins by placing an agar
collection plate, uncovered, on the base plate so that the Petri dish
rests on the three raised metal pins. Insert stage 6 over the petri
dish., Place a second Petri dish on the top of stage 6 and continue 1n
this manner until all six agar collection plates have been positioned
in the sampler. The inlet cone is placed on top of stage 1. All the

agar plates should be at room temperature before they are inserted into

the Sampling Instrument,
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When the Petri dishes supplied with the sampler are used and 27ml
of agar medium is placed in each Petri dish, the three metal pins on
each stage position the collection surface for the corréct distance
between the jet orifices and the agar surface.

After the Sampler has been assembled, connect the outlet nipple

on the bage plate to the vacuum pump or other wacuum source.

3. Sampling

When ready to sample, the vacuum pump is turned on and a sample
stream of 1 ACFM will flow through the sampler. Figure 5 shows how
impactior occurs at the orifice-collector interfaces.

Normal sampling periods for viable aerosols will vary from a few
minutes up to 30 minutes depending on the purpose for which the sample
is collected and the type of air environment being sampled. It is
important to collect sufficient viable particles in each sample to be
statistically significant and representative, however, difficulty is
encountered in counting agar plates which contain more than 250-300
colonies.

The flow of high velocity sample alr across the agar plates also
tends to dehydrate and perhaps damage the viable particles which have
already been collectedll, Thus, extended sampling periods (over 30
minutes) are not recommended. If a larger sample volume is required,
it is better to use two Sampling Instruments in parallel or to remove
the agar plates representing one sample and insert fresh plateé'fér‘a'

second sample.
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Figure 5. Schematic of Impactor Stage

After the sampling has been completed, the Sampler is disassembled and

the covers are replaced on each of the Petri dishes.

,éf Calibration

Since the size fraction for each stage is determined by the orifice
velocities, it is important that the sampler be operated at 1 ACFM.
For this reason, the unit should be periodically recalibrated and whenever
non-standard temperatures and pressures are encountered, calibration

should be performed at the sampling conditions. Do not use rubber
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tubing of smaller diameter or length different than that supplied
with the impactor unless the flow rate is readjusted.

Each Andersen pump is equipped with an adjustable valve. Always
tighten the lock nut on the adjustment valve after the flow rate has
been set. To adjust the flow, turn the screw in to increase flow and
out to decrease flow.

Each Andersen pump-impactor assembly is calibrated before shipment
to deliver 1 ACFM at ambient temperature and pressure levels in
Atlanta, Georgia. In order to recalibrate at your sampling environment,
the following procedure is recommended:

Place a calibrated dry gas meter upstream from thé Sampler.

Attach a short 1" I.D. hose with approiimatgly 1/4" wall to

the inlet cone of the impactor and the other 'end to the outlet

of the dry gas meter. Adjust the puﬁp valve until you are

pulling 1 ACFM over ; three minute test period as determined

with an accurate stop watch. After maintaining 1 ACFM for

three minutes, tighten the lock nut on the adjustment valve.
Because of the 1.4 ACFM free flow rating of the motor and pump, up to
50 feet of tubing can be used between the Sampler and pump while still
pmaintaining 1 ACFM through the ‘Sampler.

The pump and motor are guaranteed by the original manufacturer and

should not be disassembled for any reason. The pump and motor require

no lubrication.

- The pump rate of the 12 volt D. C. pump will vary with voltage.
One ACFM can be drawn through the impactor if the voltage is maintained
near 12 volts. Refer to the attached supplementéfy titled "Instructions

For The New Andersen Pump" for detailed 12 volt D.C. pump operation.
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TWO-STAGE ALUMINUM VIABLE PARTICLE SAMPLER

1. Description

The Andersen 1 ACFM Viable Particle Sampler is constructed
of aluminum with t&o stages which are held together with three
dowel pins and three teflon caps. Each impactor stage contains
multiple precision drillédA§rifices. When air is drawn through
the Sampler, multiple jets of air in each stage'direct any airborne
particles toward the surface of the agar collection surface for that
stage:ﬁ The size of the jet orifices is the same on éach of the two
stages but are smaller on the second s£age. The range of particle
sizes éollected on each stage depends on the jet velocity of the
stage and the cutoff of the previous stage. Any particle not
collected on the first stage follows the air stream around the edge
of the Petri dish to the second stage.

Each stage contains 200 tapered orifices, The diameter of the
orifices on the first stage are 1.5 mm and 0.4 mm on the second stage,
Standard 100 x 15 mm petri dishes are used for collecting surfaces on
each stage. The exhaust section of each stage is approximately 19 mm
larger in diameter than the Petri dish which allows unimpacted particles
to go around the dish and into the next stage (Figure 3),

A continuous duty vacuum pump is available which will provide a
constant sample flow of 1 ACFM. A 1 ACFM critical orifice is built
into the base plate of this inséfument. Any vacuum source, including
equivalent.of. 14 inches of MEYcUry pressure or greater. A flowmeter
is not required with this instrument,

The 50% effective cutoff diameter of Stage I of this Sampler is
8.0 microns for spherical parficles of unit density (or their aero-

t

dynamic equivalent).1 A reasonable working interpretation would
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conclude that non-respirable particles (do not penetrate the lower
human respiratory tract) are collected on Stage I and respirable size
particles (will penetrate the lower human respiratory tract) are

collected on Stage II,

Assembly

The complete impactor assembly consists of a base, two stages,
and threé threaded teflon caps (Figure 7).

The assembly of the two-stage impactor begins by placing an
agar collection plate, uncovered, on the base so that the Petri
dish rests on the three post supports. Place Sfage'II carefully
over the three dowel pins and slide iﬁto position over the Petri
dish. Place the second Petri dish on the top of Stage IT and
carefully cover with Stage I. Screw the three caps onto the dowel
pins and tighten Ef hand. Coﬁﬁect a vacuum hose (not supplied) to
the brass nipple on the base of the instrument. Connect the vacuum
hose to a vacuum source.

When a 100 x 15 mm Petri dish containing 20 ml of agar medium

is correctly placed on the support posts of each stage, the correct

distance between the jet orifices and the agar surface is maintained.

Sampling

When ready to sample, the vacuum source is turned on. A constant
sample flow rate of 1 ACFM (28.3 liters/min.) will be maintained if the
vacuum source is the equivalent of 14 inches of mercury pressure or
greater, Accurately time the length of the sampling period.

Normal sampling periods for viable aerosols will vary from a few

minutes up to 30 minutes deperiding on the purpose for which the sample

.



-1l6c¢-

is collected and the type of air environment being sampled. It is
important to collect sufficient viable particles in each sample to be
statistically significant and representative. However, difficulty is
encountered in counting agar plates which contain more than 250-300
colonies.

“"The flow of high velocity sample air across the agar plates also
tends to dehydrate and perhaps damage the viablé particles which have
already been collected.l0 1f a larger sample volume or a longer
sampiing time (over 30 minutes) is required, it is better to use two
or mo;e Sampling Instruments in parallel or to sample sequentially,

”After the sampling has been completed, the Sampler is disassembled.
This is accomplished by unscrewing the teflon caps. Remove Stage I and
the Petri dish on Stage I and replace its cover. Remove Stage II and

the Petri dish on Stage II and replace its cover.

Calibration

No calibration is required because of the built-in critical
orifice. Fourteen inches of mEercury pressure or greater must be
maintained to insure critical flow. (It is impossible to obtain flows
in excess of 1 ACFM when drawing greater than 14 inches mercury
pressure because critical velocity is attained at 14 inches. Therefore,
it is permissible to sample at any vacuum > 14 inches mercury and be

assured that 1 ACFM is flowing through the sampler) .
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V. ANALYSIS AND INTERPRETATION OF DATA FROM
ANDERSEN VIABLE PARTICLE SAMPLERS

The number of viable aerobic particles per unit volume of air
sampledlis easily computed. After incubation, count the number
of bacterial qglonies (accepted microbiological theory assumes
that -each colony represents a single particle) on each sample
plate. Sum the number of colonies on each plate to give a grand
total for that particular sample. Divide this total by the total
volume of air sampled in cubic feet (if a constant flow rate of 1
ACFM 1s maintained, the volume of air sampled is equal to thé
number of minﬁtes sampled) to give the mean number of viable
particles per cubic foot of air in the sample.

Mean Number of

Total Number of Colonies from all Sample Plates Viable Particles
- =  per Cubic Foot
Total Sampling Time in Minutes (1 ACFM) of Alr Sampled

Note that the number of viable particles in the air sample is not
equal to the number of bacterial cells in the sample since a single
viable particle may contain more than one cell, 1If the sample plates
have been incubated aerobically, all the colonies must be considered

as aerobic or facultative anaerobic bacteria.

The percentage of viable particles in each size range can be determined
by dividing the number of colonies on a given stage by the total number

of colonies on all the stages,

Colonies on Stage I of the Six-Stage Sampler Percent of Viable
0 = Particles Over
X 100 = 7.0 Microns in

Total Number of Colonies from all Sample Plates Diameter

The site of deposition of these particles in the human respiratory tract can

be predicted from this data. The approximate settling rate in air of the
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particles collected can also be calculated from the particle size data.

Settling Rates of Airborne Particles
Diameter of Particles Velocity of Settling
(microns) (feet per minute)

0.8 0.005
1.0 0.007
4,U 0.uYd
0.0 0.59
0.0 9.5
0.0 59.2

Condensed from "Size and characteristics of
airborne solids", W. G. Frank in the Smith-
sonian Meteorological Tables. Rates are for
particles in the shape of spheres with a
specific gravity of 1.0, settling in air at
70°F. '
It is not possible to determine the exact density or shape of viable

particles which are collected with any cascade impactor including the

Andersen Viable Particle Samglers.

The variation in concentration of viable alrborne particles with time
can be determined by collecting intermittent samples at the same loca-

tion.

Agar plates containing more than 300 colonies may be counted by a
"bositive hole'" method, which is less accurate than optically counting
each colony, and is rarely used today. However, since some people

still use this technique, the following discussion is included:

The positive hole method is essentially a count of the jets which
delivered viable particles to the Petri plates and the conversion of
this count to a particle count by use of the "positive hole" conversién
table (Table I). This table 1s based upon the ;rinciple that as the
number of viable particles béing impinged on a given plate increases,

the probability of the next particle going into an "empty hole"
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decreases. For example, when 9/10 of the holes have each received one
Or more particles, the next particle has but one chance in ten of going
into an empty hole. Thus, at this point, on the average, ten additional
particles would be required to increase the number of positive holes by
one, and before all the holes become positive, some holes will receive

a numEer,gf particles. The vaiues in the table were calculated from

the basic formula (Feller, 1950);

P= N ,:l+_1 + L 4.1 ]

N N-1 N-2 N-r+1

Where Prfis the expected number of viable particles to produce T positive
holes and N is the total number of holes per stage (400). The above
formula assuﬁes that the flow of particles stops at the instant a
particle enters the rth hole. Since, in the actual case of sampling,

the flow of particles stops at random, the expected number of particles
present if r positive h&les are observed, would be equal to or greater
than P, but less than P.+1 and the average would be (Pr+Pr+l -1)/2.

This correction has been applied in the construction of the table.

In using the positive hole conversion table the‘number of positive holes
must be precisely determined. A colony out of the hole pattern is not
counted as a positive hole, By this method, counts up to 1200 or 1500
particles per stage are quite reliable, If higher counts are to be
encountered the microscope method is employed. With this method, the
number of viable particles per stage is determined after a short incubation
period by counting, with the aid of a ﬁiﬁroéébﬁe,'tﬁé micro-colonies in

a number of deposit areas and calculating the total for che plate. A
deposit area is that area which receives particles from one jet or

hole. The micro-colonies must be counted before they merge and, if

done at the right time, as many as 20 or 30 per deposit area can be
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counted. By this method, total sampler counts as high as 40,000 or

50,000 can be made."Z

TABLE 1
Positive hole conversion table: Positive hole counts (r) and corresponding correcied particle counte (P)
rP:ir ,'r P'ril’ r!PEriP rfPll‘P' ,P|Ir’P
= 1| —_——— ——— —_—— e — ‘ .—.'—__
151 i 43 814 oL 121|144 161 | 208 201 | 279 241 36g:281| l32l 64,,361 931
2] 2 4°| 44y 82| 92122146 ] 162 208 1 202 281 242, 372 282, 488 322 362 942
3] 3043745} 83| 93]123:147 163 ° 209 | 203 - 283 243|3:él283'492'323.65q 3sa| 952
4| 4 44| 47'! 4] 04 || 124} 1481 164 | 201 § 204 285§ 244; 377 284j 495( 3241 963
5| 5045] 45“ 85| 961125 | 150 } 165 | 213] 205 | 287 2*5=379'285|‘9ﬁ|325[f1ﬂ assl 974
{ i i . i
6| 6146|401 861 97812615 166 | 214 206 | 289 246! 382 286, 502 326, 675 366] 986
7|7 47lso§ 87 , 98 127!153 167 | 216 | 207 | 262 247} 384 287 505!327 367, 998
8{ sl4s!srd as! oo 128" 151 168 | 218 | 208 | 204 243'38,s2ss.sod 328 686) 368, 1010
9! 940’ 527 89 D014 120 156 & 169 : 200 ] 209 & 206 | 249! 390¢ 289] 513 320 692! 369 1023
10 {10450 53} 90 |102 130 | 157 || 170 | 221 | 210 293' 250;39%'290 51q|330 sgq|370|1035
— i o i i 1
114151 55;! o1 ;103§ 131 : 159 § 171 | 223 | 211 | 300 | 251} 395 201, 5 .331 10&‘371.1050
12 | 12 52| 561 g2 105132160k 172 | 225 | 212 ¢ 302 250l 30 1292-52a|332 700, 372; 1064
13 (13053574 931106133 1621 173 | 227 § 213 304 253 400 203: 527y 333 715 373 1078
4 [ 14050156 ¢ 04007 134 1163 1174 1 228 214 | 306 254|4oq52941531L334 7215 374; 1093
15 1155551501 95108 !135 1165 175 | 230 | 215 . 308 255:4oq§295!53ﬁ-335 727 3750 1109
16 | 1656604 9 :110!|1as i166 4 176 1 232 216 1 311 5256-4063296153d1336 733] 376 1125
17 17y 57, 6L 1M1 137 168§ 177 5 234 217 313§ 257 411. 207 543 337 736 377 1142
18 {18 58;63 95 11211385160 178"' 236} 218 315 loss 414, 208 547) 338 746] 378 1160
19 [ 1959 645 99 1141391171179 . 237 1 219 317 250 417: 209 5513 339 752} 379 1179
20 | 21§60 654100 | 115] 140 ; 172 § 180 | 239 “220; 319 § 260° 420 300 555’140 759I330 1193
21 | 2261 166f 100! 116 ] 101 !174!}181] 241 21 7 302 ﬂ2613423?301 559, 341 766, 381. 1219
22 | 23 62 67§ 102 118 142 '1.5I 182 | 243 || 222 324 | 262 126! 302 56& 342 772 382 1241
23 | 246369103 119143 177 1 183 | 245 | 223 | 326 uzsa 429i 303 56“|343 779i383.1263
24 125] 64 705104 120 | 144 1170 1184 | 246 4 224 328§ 264 432) 304 571 344 7861 364 1288
25 126165 711051122 145 ;180 4 185 | 243|u2°5 231 ,2o5 134 305. 575; 345 ‘9$]385 1314
' R I ! 1‘ ‘
i I . N o ) ]
26 | 27466 ; 72§ 106 0 123 | 146 1 182 ) 186 | 250.!025. 333 | 2661 437} 306 '5/9‘346 3ov| 1341
27 128067734107 125% 147 1831 187 | 252 ] 227 ' 335§ 267 440 307 584 347 30&.337 1371
28 {29 ] 6877575108, 126 148 ' 185 1188 5254;,223, 338 | 268, 443} 308 588 348 816! 388 1403
20 [ 3069 ! 761100 127i 149 ‘1ss§ 189 1 256 “229 340|!26 44ﬂ|309‘59z!349 824 389 1438
30 {31470 77 [ 1101201150, 188 1 190 © 258 3230 342 2'% 4501 310 SOT; 350 83% 390 1476
at Yazdre7s i 1300 151 190 {101 1260 { 231 345 | 271 453! 311 601 351 RO 391 1318
32 (837279412 1314152 101 1192 ! 262 | 232 347 | 272 4561 312 606, 352 848 392 1565
33 134073 8171137133 153,103 1193 ! 263 233 349 ,273I45Q‘Jl1 610; 353 8571 393 1619
34 ;7687482 114 1341154 194 {194 1 265 1234 352 1 274 462 314 615’ 354 865 394 168
35 ;3747583115 1364155 1961195 267 235 a5 |2:5l465 315 6200 355 874 395 1754
36 ;38 !76 &% 116 137 1136 19R 196 269 ;236 357 2761 468 3!6|6“4 356 853 306 1844
37 139 7T 86 117 138 157 199 197 271237 350 27 472 317 620 357 892 397 1961
38 ;40§78 87 115 140 {138 201 , 195 . 273 1238 362 i 278 475 318 6341 353 002 398 2127
39 141,79 &S . 119 141 1150 203 199 . 275 230 364 ' 279} 478 319 639: 350 011. 399 2427
40 4280 89 120 143 i 160 277 0 367 280 482 320 644360 921 400 °

204 200

All holes must be clean and open.
* Indicates quantitative limit of state tapprox 2628 particles) is exceeded.
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VI. INSTRUCTIONS FOR THE NEW ANDERSEN VACUUM PUMP

Pump and motor require no lubrication.

The Andersen pump is equipped with an adjustable valve, Always tighten

the lock nut on the adjustment valve after the flow rate has been set,

To adjust flow — turn screw in to increase the flow and out to de-

crease‘éhe flow.

It is iééortant the unit always operate at 1 cfm. The unit should be
Periodically recalibrated. A dry gas meter is recommended for this
purpose. To calibrate —- attach a 1" (I.D.) hose wi£h approximately a
1/4" wall to the inlet nozzle of the sampler and the other end to

the outlet of a dry gas meter. Continue to adjust the valve until

you are pulling 1 cfm over a three minute test period (determined by

an accurate stop watch). After this has been achieved, tighten the lock

nut on the adjustment valve,

The pump and motor are guaranteed by the original manufacturer and

should not be disassembled for any reason.

Due to the 1.4 cfm rating of the motor and pump, up to 50 feet of hose

can be used between the sampler and the motor and still pull 1 cfm,

12 VOLT pump OPERATION

Battery required: 12 volt automotive type, minimum
69 amp hour capacity

TO OPERATE
— —SAalh

1. Connect clip of red shielded pump wire to positive (+ or Red)
battery terminal.
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ANDERSE

SAMPLERS INCORPORATED

FLOW CALIBRATION CERTIFICATION

Model { /C5 - 705% Serial # 757

Tube Length- (2 Feet Unless Spec1f1ed Differently)-

Temperature 7 7 F Barometric Pressure /4 - 35/ | CM Hg

Date 5-2 7'35— ' Calibrated By '(14%:£iz

CALIBRATION PROCEDURE (SEE FIGURE BELOW):

1. Assemble the impactor complete with collection substrates (petri dishes if
Viable Sampler) and glass fiber backup filter '(for Non-Viable Samplers Only).

2. Connect inlet of impactor to outlet of a calibrated dry gas meter.

3. Connect outlet of impactor to inlet of flow adjustment valve.

4. Connect outlet of flow adjustment valve to inlet of vacuum pump.

5. Turn on vacuum pump and allow to run for 15 minutes to stabilize flowrate.

6. Measure flow rate through the dry gas meter and open or close adjustment
valve as necessary to achieve one actual cubic foot per minute (ACFM)
flow rate. Once the desired flow rate is achieved, the flow rate through
the dry gas meter should be measured for two separate two minute 1ntervals
to be certain that flow rate is 1.00 = .01 ACFM.

7. Tighten the locknut on the flow adjustment valve to lock the flow
adjustment valve at the proper flow.. . .

]
.’

4215 WEMDELL DRIVE O ATLANTA, GEORGIA 30336 O (404) €51-1910 O TELEX: 54.2523
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Connect clip of black shielded wire to negative (~) terminal,
pump should start immediately.

If pump does not start, check battery voltage, should be not less
than 12 volts under light load, 13 volts mo load.

If pyvmn dnee mat anerate with fully rharoed hattery, check
battery clip connections and wires for poor connections.

Shoq}d pump fail to operate after Steps 1-4 are completed, refer
to manufacturer's instructions attached.

Pumping rate of the 12v D. C. unmit will vary with voltage. Normal
pump operation requires a current draw of approximately 1l amps.
Continuous running in excess of 3 hours may result in reduced
battery voltage and lower CFM through the Andersen sampler.

Fully recharge battery between uses.




TALELMOrIETER

IEATE METER
OPTIONAL]J
ALoW {] / VALVE -
: A
. /—\\ . . . .
p/?Y GAS . “‘ . .
METER r —=] .. . = V\P[/MP
_ : - + 7/ -
yso 1 e wrvid oy : ) . . - -
/ ﬁ.)"ou./).f_(’_, f ’l— . . ) . ., -t
fals - Lo
foo CALIBRATION SCHEMATIC L.
NOTES:

-7T.. The Andersen Sampler flow rate has been calibrated at Atlanta, Georgla
(elevatlon 840 ft) at Ambient temperature and pressure. If the pump is to ._.
be operated at elevations and or temperatures 51gn1f1cant1y different from
those at which it was calibrated, the flowrate should be recalibrated.for
actual sampliﬁg conditions. ' .

2. As a check to be certain the flowrate through the sampler is maintained,
a ROTAMETER can be connected between the outlet of the.impactor'and the inlet
of the adjustment valve. The premarked flow rates on the Rotameter will not
be accurate at the reduced pressure downstream.of the 1mpactor and the f

1 ACFM flow mark will have to be determined, using the above Calibration_
Schematic.

3. There will not normally be any flowrate change durirg a aample because

there is no pressure drop change during sampling. There is no backup filter
associated with the :Viable Sampler and normally less than 10 mg of particulate
will be collected on the backup fiiter of the Non-Viable Sampler during a

sampling period.
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