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Important Notes!

Please indicate the following information on your spare part/repair order.

1. Voltage of the instrument
2. Serial number of the instrument
3. A short description of the fault

Our policy is one of continual development and we reserve the right to amend
specifications and dimensions without notice.
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UNPACKING AND CHECKING

Upon receiving the unit please check that no physical damage has occurred to the
packing material or the instrument itself. If any damage is evident please notify New
Star immediately. Please read the following instructions.
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1. PREFACE

For thirty years, industrial hygienists have been aware of the potential health effects
associated with exposure to fine particulates, and within the past ten years, inertial
impactors have been used universally for monitoring particuate sizes in the work
place. A knowledge of the aerodynamic dimension of the particles is vital to
understanding their effects and to determining the best methods of control.

The purpose of this manual is to outline proper methods for the simultaneous
determination of concentration and particle sizing information in the working
environment using the Andersen-Style Non-Viable Ambient Particle Sizing Samplers.

2. INTRODUCTION

The Andersen-Style Non-Viable Particle Sizing Sampler is a multi-stage, multi-orifice
cascade impactor, which normally is used in the environmental working areas to
measure the size distribution and total concentration levels of all liquid and solid
particulate matter.

The Andersen-Style Non-Viable Ambient Sampler was calibrated with unit density

(1 g/cm?) spherical particles so that all particles collected, regardless of their physical
size, shape, or density, are sized aerodynamically equivalent to the reference
particles. In this manner, the aerodynamic dimensions obtained in the work place can
be used to determine the following:

1) Probable point of respiratory deposition

2) Particle behaviour in the air

3) Type of control equipment needed to collect the particles

4) Compliance with existing Threshold Limit Valuesand OSHA Regulations

A brief description of the operation of the equipment follows:

1) Ambient gases enter the inlet cone and cascade through the succeeding
orifice stages with successively higher orifice velocities from Stage 0O to
Stage 7. Successively smaller particles are inertially impacted onto the
collection plates. The submicrometer particles, which are not collected by
the last collection plate, are caught in the backup filter, which is an integral
part of the impactor immediately downstream from Stage 7. Stage 0 is an
orifice stage only. Stage 8 is a collection stage only.

2) The clean gases are carried through the vacuum tube and through the
pump and exhausted.

3) A constant air sample flow of 1 ACFM is provided by a continuous duty,
carbon-vane vacuum pump. Flow rate through the impactor is controlled by
an adjustable bleed valve on the pump, which requires periodic calibration.

4) After sampling is completed, the sample time is recorded and the tared
collection plates and backup filter are removed for subsequent gravimetric
and/or chemical determination.

5) Concentration levels are determined and the size distribution is plotted.

At this point an assessment of the working environment can be made.
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3. AERODYNAMIC PARTICLE SIZING

The design concept of the Anders en-Style Non-Viable Ambient Particle Sizing
Sampler evolved from the following facts: The human respiratory tract is an
aerodynamic classifying system for airborne particles. * The sampling device is
used as a substitute for the respiratory tract as a dust collector. As such, it should
reproduce to a reasonable degree the dust collecting characteristics of the human
respiratory system 4 so that lung penetration by airborne particles can be predicted
from sampling data. The sampling instrument should therefore classify the particles
collected according to the aerodynamic dimension which, as Wells ° states, is the
true measure of lung penetrability. The fraction of inhaled dust retained in the
respiratory system and the site of deposition vary with size, shape, and density and

all the phystal properties of the particles that constitute the aerodynamic dimensions
(Figure 1).

ANDERSEN SAMPLERS -
Simulates Human
Respiratory System
PRESEPARATOR

10 micrometers and abov

STAGE O
9.0-10

STAGE 1
58.-9.0

STAGE 2
4758 pharynx

STAGE 3 trachea & prilmar\r//
3.3=-47 branchi

STAGE 4 s.ecc:ndaw//
21-3.3 branchi

STAGE 5 terminal

P bronchi ”{
BTAGE 6

0.65=1.1 alveoli

S TAGE 7

0.43-0.65 alveali
FIGURE 1

ANDERSEN SAMPLER SIMULATES
HUMAN RESPIRATORY SYSTEM.
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Methods that employ light scattering or filtration and microscopic sizing of particles
do not reckon with density and some other properties that affect the movement of the
particle in air, and therefore do not give the desired information. Because the lung
penetrability of unit density spherical particles is known and since the particle sizes
that are collected on each stage of the sampler have been determined, then, as long
as a standard model of this sampler is used according to standard operating
procedure, the stage distribution of the collected material will indicate the extent to
which the sampler would have penetrated the res piratory system. With this
information and with knowledge of the chemical, biological, and/or radiological
properties of the material collected, the exact nature and extent of the health hazard
can be assessed™.

The earliest and most fundamental work in inertial impaction theory was conducted in
the early 1950's by Ranz & Wong. In this work, Ranz and Wong showed that the
collection of a particle by an obstacle is a function of what is defined as the inertial
impaction parameter (K):

K= CpUDy?
18uD,

Where U is the relative velocity, p is the particle density, Dy, is the particle diameter,
M is the gas viscosity, D¢ is the diameter of the round jet, and C is the Cunnigham slip
correction factor.

Data from inertial impactors are normally presented as 50% effective cut-off
diameter. For the Andersen-Style Impactors, containing round jets and flat collection
surfaces, the 50% effective cut-off diameter would yield a value of 0.14 for the inertial
impaction parameter K.

The Cunningham slip correction factor (C) is equal to:
C=1+(0.16x10 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 cross the bulk flow streamlines. 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 micrometers. The
overlapping of particle size between stages, which is naturally inherent in all cascade
impaction devices, is minimised in Andersen-Style impactors 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 determine whether or not the particle will reach the
impaction surface. In contrast to competitive samplers which have larger rectangular
jets in each stage, the Andersen-Style impactor 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 much less than in other impactors. Ranz and
Wong (1952) also stated that round jets have sharper cutoffs than rectangular jets.
The Andersen-Style impactor, therefore, on a theoretical basis, should have a
sharper cutoff®.
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An inherent disadvantage of competitive samplers is that single circular orifice and
multiple rectangular orifice impactors by design must operate with high orifice
velocities. This results in more turbulent flow, greater re-entrainment, and a skewing
of the size distribution toward the lower end (i.e,, the indicated size distribution being
smaller than it really is).

4. IMPACTOR

A.DESCRIPTION
The Andersen-Style ACFM Ambient Sampler is comprised of eight aluminium stages

that are held together by three spring clamps and gasketed with O-ring seals (Figure
2).

Figure 2: Andersen-Style Cascade Impactor with USP Pre-separatorand Throat

Each impactor stage contains 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 collection plate for that stage. The size of the jets is
constant for each stage, but is smaller in each succeeding stage. Whether a particle
is impacted on any given stage depends on its aerodynamic dimension. The range of
particle sizes collected on each stage depends on the jet velocity of the stage and
the cut-off of the previous stage. Any particle not collected on the first stage follows
the air stream around the edge of the plate to the next stage, where it is either
impacted or passed on to the succeeding stage, and so on until the jet velocity is
sufficient for impaction.

There are two separate types of Andersen-Style Ambient Samplers in use. The
original design in which all eight stages contained orifices arranged in a circular
pattern (Mark 1) and the modified design in which the top two stages contained
orifices arranged in a radial pattern and the other six stages contained orifices
arranged in a circular pattern (Mark Il). All samplers purchased prior to September
1977 were Mark | and all samplers purchased after 1977 were Mark II.
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The design change from Mark | to Mark 1l was made as a result of research work
showing the wall-loss and particle-bouncing errors inherent in the original design.
The Mark 1l design has fewer holes with larger diameters on the top two stages and
the holes are tapered and arranged in a radial pattern to reduce turbulence.

The following is a description of the Mark | and Mark 1l samplers:

Mark I

Stages 0-6 have integral air inlet sections that contain 400 orifices arranged in a
circular pattern. Stage 7 contains 201 orifices arranged in a circular pattern. The inlet
sections are approximately 3.125" in diameter. The orifices are progressively smaller
from top to bottom stages, ranging from 0.0625" diameter in Stage 0 to 0.0100"
diameter in Stage 7. Each stage has a removable stainless steel or glass (3.25"
diameter) collection plate. The exhaust section of each stage is approximately 0.75"
larger in diameter than the collection plate, allowing unimpacted particles to go
around the plate and into the next stage (Figure 3).

AMBIENT AIR FLOW

Figure 3: Schematic cross section of the non-viable impactor stages. Progressively
smaller orifices increase the orifice velocity in eight successive stages causing
impaction of smaller particles onto the collection discs of each succeeding stage.

Mark II:

Stages 0 and 1 have integral air inlet sections that contain 96 orifices arranged in a
radial pattern. Stages 2 through 6 have integral air inlet sections that contain 400
orifices arranged in a circular pattern. Stage 7 contains 201 orifices arranged in a
circular pattern. The orifices are progressively smaller from top to bottom stages,
ranging from 0.1004" diameter on stage 0 to 0.0100 diameter on stage 7. Each stage
has a removable stainless steel collection plate. The exhaust section of each stage is
approximately 0.75" larger in diameter than the collection plate, allowing unimpacted
particles to go around the plate and into the next stage (Figure 3). The top two
stainless steel collection plates have 7/8" holes in the center to allow air flow through
the center also.
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Impactor Pre -separator

If sampling in environments containing particles larger than 10 micrometers, a pre-
separator must be used to prevent particle bouncing and re-entrainment errors.
Researchers have shown that significant errors will occur with large particles if no
pre-separator is used. The Andersen-Style Impactor pre -separator is an impaction
chamber with one 0.53" diameter inlet orifice and three outlet tubes. The outlet tubes
are 1.0" above the impaction surface. This design results in very low turbulence and
allows collection of several grams of particulate without overloading the pre-
separator.

When using the pre-separator, simply replace the standard inlet cone on the sampler
with the pre-separator. The pre -separator base contains three spring hold-down
slots, and fits the Andersen-Style Impactor with no further adjustment required.

The Andersen-Style Non-Viable Ambient Sampler and vacuum pump include their
own carrying case for ease of portability.

A constant air sample flow of 1 ACFM is provided by a continuous duty vacuum
pump. Flow rate is controlled by an adjustable valve on the pump and periodic
calibration is recommended. Requirements for flow rate adjustments can be found in
Section F. The sampler is supplied with a builtin backup filter which will
accommodate an 81 mm filter disc. Normally, binderless glass fiber filter media is

used because of its high collection efficiency for submicrometer particles.

Following are the jet dimensions for each stage (Figure 4):

Mark 1 Mark |

Stage Orifice Diam. Number of Orifice Diam. Number of
(inches) Orifices (inches) Orifices

0 0.1004 96 0.0625 400

1 0.0743 96 0.0465 400

2 0.0360 400 0.0360 400

3 0.0280 400 0.0280 400

4 0.0210 400 0.0210 400

5 0.0135 400 0.0135 400

6 0.0100 400 0.0100 400

7 0.0100 201 0.0100 201

F 0.1100 Filter Holder 0.1100 Filter Holder

Figure 4: Jet Dimensions for Each Stage.

B. PREPARATION FOR U SE

The orifice stages, pre-separator and collection plates must be clean before
assembly of the Sampler. A mild detergent and warm water are sufficient for
cleaning. The soap can be removed by holding the stages and plates under hot
running water. Complete soap removal for the stages is more quickly done by
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immersing them in an ultrasonic cleaner containing clean water. After the soap is
removed, the stages and plates may be rinsed with acetone which removes the water
and which itself quickly evaporates, or they can be spread out on paper towels and
blotted dry. Either operation may leave slight traces of film which are easily removed
with a lintfree wiping paper. The stages and plates should be handled by the edge to
prevent getting skin oil on the orifice and collection surfaces. Each stage should be
examined for any material in the holes. If holes are plugged, or partially plugged, a jet
blast of dry air, or a portable Freon gun, is effective in cleaning the holes.

The complete impactor assembly consists of an inlet cone, nine stages, eight
collection plates and a backup filter. An impactor pre-separator is optional. The
stages are numbered 0, 1, 2, 3, 4, 5, 6, 7 and F. Stage 0 is an orifice stage only.
Stage F contains the collection plate for Stage 7 and the backup filter. Each stage
contains an O-ring (Neoprene Standard, Teflon optional) for sealing. In addition,
there is a large-diameter O-ring inside Stage F which holds the backup filter in place.
The optional pre-separator simply replaces the inlet cone and requires no
modification.

The impactor assembly begins by placing Stage F on the base plate stage. A pre-
weighed glass fibre backup filter is inserted into Stage F and the large-diameter O-
ring placed into position around the periphery of the filter. Next, place pre-weighed
collection plate No. 7 onto Stage F so that the plate rests on the three raised,
notched metal seats to prevent plate movement. There is no differentiation between
top and bottom for the glass plates. The stainless steel plates should be placed with
the curved lip down so that a raised, smooth surface is exposed for particle
impingement. This is followed by Stage 7, collection plate 6, Stage 6, and so on until
the inlet cone or pre -separator is positioned last. Note that if you hawe a Mark I
sampler, the stainless steel collection plates that fit onto the raised notched seats on
top of stages 2 and 1 should have a 7/8" hole in the center of the plates.

It should be noted that there are three metal pins extending from the base of each
orifice stage. These pins hold the collection plates in place so that the sampler can
be used in any sampling orientation.

In addition, most people use special collection substrates other than the glass and
stainless steel plates because of lighter tare weight and/or specific analytical
requirements. These collection materials consist of glass fiber, cellulose, aluminium
foil, vinyl metrical and other materials which must be placed into the inverted
stainless steel collection plate. The collection substrate for plates 1 and 2 have open
centers (7/8" hole) while the remaining 6 collection discs and backup filter are solid.

The substrate surface must be level with the top of the curved stainless steel lip to
maintain jet-to-collection-surface spacing. When using collection substrates, the
Sampler should be used in an upright position at all times.

After the Sampler has been assembled, connect the outlet nipple on the base stage
to the pump intake port with the rubber tubing supplied with the sampler. If a longer
piece of tubing is required in order to position the Sampler remotely from the vacuum
source, refer to Section F for re-calibration procedures.
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C.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 impaction occurs at the
orifice collector interfaces.

Normally, there is no variation in flow rate throughout the sampling period since a
constant pressure drop is maintained (no filtration occurs except at the backup filter,
resulting in minimal pressure changes). The particle size range collected at each of
the eight stages depends on the orifice velocity of the specific stage, the distance
between the orifices and the collection surface, and the collection characteristics of
the proceeding stage. The combination of a constant flow rate and successively
smaller diameter orifices increases the velocity of sample air as it cascades through
the Sampler, resulting in the impaction of progressively smaller particles in
succeeding stages. At 1 ACFM the patrticle fractionation ranges from 10.0 to 0.4
micrometers diameter (Figure 1).

Particles too small to be impacted on the last collection plate are collected in the
backup filter which is an optional, integral part of the sampler. Normal sampling
periods vary from a few minutes to several hours, depending upon the workroom
contamination levels and the sensitivity of the analytical procedure. Ten milligrams of
particulate matter on any one stage represents an approximate upper limit because
of re-entrainment problems. Overloading the Sampler can be detected easily by
visual inspection and is rarely encountered in industrial hygiene applications.
Whenever over-sampling occurs, rather than having well-defined, discrete piles of
particulates, trails of particles can be seen leading from the sample deposits toward
the periphery of the plate. This type of sample should be discarded.
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After the sampling has been completed, the Sampler is disassembled. The collection
plates and backup filter are removed and replaced with fresh, preconditioned,
preweighed collection media. After conditioning, the collection media can be weighed
for net particulate accumulations, or the particulate matter can be analysed
chemically for the various components of interest.

Since airborne particulates have hygroscopic characteristics, all collection media
used in the impactor should be preconditioned prior to weighing— both before and
after a sampling cycle — in a desiccator. Filter weighing should be made to an
accuracy of£ 0.02 mg and a precision of £ 0.01 mg.

It should be kept in mind that whenever a sample has been collected, the particle
sizing has already been completed. To determine the nature of the size distribution,
simply perform the required gravimetric and/or chemical analyses.

D. ANALYSIS

The analytical requirements determine the type of collection surface used. Normally,
the stainless steel and glass plates are not used as the collection surfaces for
gravimetric determinations because of the high tare -weight-to-sample -weight ratio.
Glass fibre discs are normally used for these analyses because of their light weight
and non-hygroscopic properties. However, other types of collection media are
required for most chemical determinations because of the high and variable trace
metal background levels in glass fibre. Stainless steel plates are used in many
applications where the collected sample is washed off for subsequent chemical
analyses. Glass plates are used rarely and only when there is need to look at the
collected particles optically. It is impossible to correlate aerodynamic dimensions with
physical size because of the unknown particle density and shape characteristics. In
addition, the particles might have shattered in impaction, which will not affect the
aerodynamic sizing but would affect any optical sizing significantly.

E. DATA INTERPRETATION
a) Determine the change in weight for each stage in the impactor including the
backup filter.

b) Add up the weight changes to obtain the total particulate weight collected.

c) Divide the amount collected on each stage by the total amount collected to
determine the percentage of the total collected in each fraction (Table 1).*

*Note that the preseparator fraction is added to Stage 0 and the sum of both
fractions is larger than the D 50 for Stage 0. In summary, the pre-separator does
not give an additional size cut, but prevents particle bouncing and re-entrainment
so that the impactor stages perform properly.

d) The particle density should be considered as 1.0 g/cm?® so that the particle sizes
can be reported as equivalent aerodynamic diameters.
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Using Figure 1, select the lower size (smallest number) for each size range. This
number represents the effective cut-off diameter (ECD) for each stage. ThisECD

can also be obtained from Figure 6.

Graph the results on log-probability paper with the ECD as the ordinate and the
cumulative percent less than the size range by weight as the abscissa (Figure 7).

Assuming a log-normal particle size distribution, the particle size geometric
standard deviation sq is given by:

Sg = 84.13% Diameter = 50% Diameter
50% Diameter 15.87% Diameter

Whenever these two standard deviations are not equal (such as represented in a
bimodal distribution), then the size distribution is not represented by a straight line
(not really log-normal). A better method of presenting the standard deviation is:

Sg = (84.13% Diameter / 15.87% Diameter)*?

Generally, the particle size information should be presented in graphical form
rather than merely reporting the mass mean diameter and the standard geometric
deviation. By plotting the ECD and cumulative percent on log-probability paper,
the particle concentration for any size range can be determined.

From Table 1 and Figure 7 it can be seen that approximately 97% of this
hypothetical sample is respirable (below 7 micron), that the mass mean diameter
is 2.0 um and that the standard geometric deviation is 1.9 pm.
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Table 1: Data Presentation

Stage Tare (g) *

Pre-
separator

0

N o o B~ 0N B

Filter

* Note:

New Star NV Manual

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Final (g)

0.00009

1.00009
1.00017
1.00082
1.00194
1.00472
1.00431
1.00100
1.00082
1.00031
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Net (mg)

0.09

0.09
0.17
0.82
1.94
4.72
4.31
1.00
0.82
0.31
14.27

% in size range

0.7)

)
0.6)

1.2
5.7
13.6
33.1
30.2
7.0
5.7
2.2

13

Cumulative % 3

less than size
range

98.7
97.5
91.8
78.2
45.1
14.9
7.9
2.2
0

Collection substrates will seldom weigh exactly the same.

13

Size Range
Micrometers

10.0 & above

9.0-10.0
5.8-9.0
4.7-5.8
3.34.7
2.1-3.3
1.1-2.1
0.7-1.1
0.4-0.7
0-04

02.02.04

ECD
Micrometers

10.0

9.0
5.8
4.7
3.3
2.1
11
0.7
0.4
0
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Figure 6: Fractional Efficiency Curves

- FH A He LTl
17 i Non-Viable Sampler 1 CFM 1}
Hlll = N L ] (..._. _ s ". ‘_ “._— '
- - I ,d.‘.
1 i : * I
== —v ﬁ
J :
il il
100 ;
W (HIf)
i
m.mo TR
w ‘ m i
<80 : : ik :
S patnii
x ! \
0 T
> T L
U mO 1 . ﬁ iy H . — ‘,_ -
& -t o T "
5 _ HEY HHTE life i
S Ll 1S £ o
o nife ! _ mH
wob 1 : i (e
sof FEHH A i i
20 i T ! .
T R i gl i ik fi
T TR T T e e LT NEED 4 i Bl A -+
10 EEEEERN ITHS 1 L 113 NERRNN t |
1T | CTEE =t A Hi __ )
0.1 1, 5.0 10

0
ﬁv\yﬁ.._r_ﬁrm .m_Nm R microng

02.02.04

14

New Star NV Manual



INSTRUCTION MANUAL
8-Stage Non-Viable Cascade Impactor

Figure 7: Particle Size Diameter Graph
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F.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 re-calibrated and whenever non-standard temperatures and pressures
are encountered, calibration should be performed at the sampling conditions. Do not
use rubber tubing of smaller diameter or length different than that supplied with the
impactor unless the flow rate is readjusted.

Each pump is equipped with an adjustable valve. Typically, the valve knob is
removed after calibration to prevent unauthorized adjustment.

Each pump-impactor assembly should be calibrated at the local environment upon
receipt. In order to recalibrate at the local sampling environment, the following
procedure is recommended:

Place a calibrated dry gas meter upstream from the impactor. Attach a short 1” |.D.
hose with approximately %" wall to the inlet cone of the impactor and the other end to
the outlet of the dry gas meter. Adjust the pump valve until 1 ACFM is being drawn
through the impactor over a three minute test period as determined with an accurate
stop watch. After maintaining 1 ACF M for three minutes, tighten the lock nut on the
adjustment valve.

Because of the 1.4 ACFM free flow rating of the motor/pump, up to 50-feet of tubing
can be used between the impactor and the pump while still maintaining 1 ACFM
through the actual impactor.

Please find the following additional instructions if a 12 Volt pump will be used:

12 Volt Pump Operation: Battery required — 12 Volt automotive -type, minimum 69
amp hour capacity.

To operate properly:

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

2. Connect the slip of the black shielded wire to negative (-) terminal. The pump
should start immediately.

3. If the pump does not start, check the battery voltage. It should be not less than
12 volts under a light load and 13 volts under no load.

4. If the pump does not operate with a fully charged battery, check the battery
clip connections and wires for poor connections.

5. Should the pump fail to operate after Steps 1 through 4 are completed, please
refer to the original manufacturer’s instructions.

6. The pumping rate of the 12 Volt D.C. pump will vary with voltage. Normal
pump operation requires a current draw of approximately 11 amps.
Continuous running in excess of 3-hours may result in reduced battery voltage
and lower CFM through the impactor.

7. Fully recharge the battery between uses.
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Figure 8: Exploded View of 8 -Stage Impactor
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G.60 LITER PER MINUTE CONVERSION KIT

The Andersen-Style Cascade Impactor was designed to operate at a flow rate of 28.3
liters/minute. This yields cutpoints in the range 0.4 to 9.0mm. However present
pharmacopoeia requirements dictate that in the case of Dry Powder Inhalers (DPIs),
a flow rate should be used which creates a 4kPa pressure drop over the inhaler

under test. The result is that in most cases a flow-rate higher than 28.3 liters/minute
is required due to the high resistance that DPIs impose.

When using Andersen-Style Cascade Impactor at flow rates greater than 28.3
liters/minute, the cut-points become lower and the inter-stage discrimination is also
reduced.

For user convenience the 60 liter/minute conversion kit has been designed as a
modification to the standard Andersen-Style Cascade Impactor, such that it can be
operated at 60 liters/min while retaining, as near as possible, the same cut-points as
with the unmodified impactor at 28.3 liters/minute. The empirical formula can still be
used to determine cut-points close to 60 liters/min.

WARNING:

Some solvents form flammable vapo r-air mixtures that could be ignited on
passage through a vacuum pump. Appropriate precautions should be taken
to ensure operator safety during test (e.g., alternative solvents, use of vapor
traps, minimal pump operating times, etc.).

COMPONENTS

Stage “-0”

Stage “-1”

Inter-Stage ‘O’ ring

Collection Plate (with center hole)
Stage Mensuration Certificate

RPRRRR

ASSEMBLY

To assemble the 60 liter/minute conversion kit and retrofit to existing assembled
impactor:

Place the 'O’ ring for Stage “-0” in the groove provided.
Unclamp the impactor and remove Stage 7 (including collection plate) and Stage 0.

Seat Stage “-0” onto Stage 1 (in place of Stage 0).
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Place the conversion kit collection plate (with center hole) on Stage “0".

Seat Stage*“-1” on top of Stage “-0".

Re-clamp the impactor.

The impactor should now consist of 8 stages, Stages “-1”"to 6.

The collection plates should consist of three with holes for the top three stages and

five without holes for the bottom five stages.

CUT-POINTS

The cut-points for the modified impactor were determined by experimental
techniques; details of which are available on request.

Cut-points for Modified Impactor Shown against
Unmodified Impactor
Unmodified Impactor (@ 28.3 | Modified Impactor (@ 60
liters/min) liters/min)

Stage Cut-point Stage Cut-point

(nm) (mm)

0 9.0 -1 8.6

1 5.8 -0 6.5

2 4.7 1 4.4

3 3.3 2 3.3

4 21 3 2.0

5 1.1 4 1.1

6 0.7 5 0.54

7 0.4 6 0.25

Notes:

1. The modified Andersen-Style Cascade Impactor should be validated before

use.

2. Ifapre-separator is required, then a "high-top" version of the Pre-separator
should be purchased for use with the 60 liter/min Conversion Kit. It is not
recommend that the "standard" pre-separator be used with the 60 liter/min
Conversion Kit, as this will give a cut-off point lower than that of Stage “-1".
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H.90 LITER PER MINUTE CONVERSION KIT

The Andersen-Style Cascade Impactor was designed to operate at a flow rate of 28.3
liters/minute. This yields cutpoints in the range 0.4 to 9.0mm. However present
pharmacopoeia requirements dictate that in the case of Dry Powder Inhalers (DPIs),
a flow rate should be used which creates a 4kPa pressure drop over the inhaler

under test. The result is that in most cases a flow-rate higher than 28.3 liters/minute
is required due to the high resistance that DPIs impose.

When using Andersen-Style Cascade Impactor at flow rates greater than 28.3
liters/minute, the cut-points become lower and the inter-stage discrimination is also
reduced.

For user convenience the 90 liter/minute conversion kit has been designed as a
modification to the standard Andersen-Style Cascade Impactor, such that it can be
operated at 90 liters/min while retaining, as near as possible, the same cut-points as
with the unmodified impactor at 28.3 liters/minute. The empirical formula can still be
used to determine cut-points close to 90 liters/min.

WARNING:

Some solvents form flammable vapor-air mixtures that could be ignited on
passage through a vacuum pump. Appropriate precautions should be taken
to ensure operator safety during test (e.g., alternative solvents, use of vapor
traps, minimal pump operating times, etc.).

COMPONENTS

Stage “-0”

Stage “-1”

Stage “-2”

Inter-Stage ‘O’ ring

Collection Plate (with center hole)
Stage Mensuration Certificate

RPNONR R R

ASSEMBLY

To assemble the 90 liter/minute conversion kit and retrofit to existing assembled
impactor:

Place an 'O’ ring for Stage “-0” in the groove provided.

Place an 'O’ ring for Stage “-1” in the groove provided.
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Unclamp the impactor and remove Stage 6, Stage 7 and Stage 0 (including collection
plates).

Seat Stage “-0” onto Stage 1 (in place of Stage 0).

Place a conversion kit collection plate (with center hole) on Stage “-0”.
Seat Stage “-1” on top of Stage “-0".

Place a conversion kit collection plate (with centerhole) on Stage “-1”".
Seat Stage “-2” on top of Stage “-1".

Re-clamp the impactor.

The impactor should now consist of 8 stages, Stages “-2”to 5.

The collection plates should consist of four with holes for the top four stages and four
without holes for the bottom four stages.

CUT-POINTS

The cut-points for the modified impactor were determined by experimental
techniques; details of which are available on request.

Cut-points for Modified Impactor Shown against
Unmodified Impactor
Unmodified Impactor (@ 28.3 Modified Impactor (@ 90
liters/min) liters/min)

Stage Cut-point Stage Cut-point

(mm) (mm)

0 9.0 -2 8.0

1 5.8 -1 6.5

2 4.7 -0 5.2

3 3.3 1 35

4 2.1 2 2.6

5 11 3 17

6 0.7 4 1.0

7 0.4 5 0.43

Notes:

1. The modified Andersen-Style Cascade Impactor should be validated before use.

2. Itisnot recommend that the "standard" pre-separator be used with the 90 liter/min
Conversion Kit, as this will give a cut-off point lower than that of Stage“-1".
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. CLEANING METHOD FOR 8 STAGE NON-VIABLE IMPACTORS (USING AN
ULTRASONIC CLEANING SYSTEM)

1. Fill the tank of the Ultrasonic Cleaning System with clean water. Note: Never
allow the liquid level to drop below 25rnm from the top of the tank.

2. Add a cap full of cleaning agent (typically Ambersil Aquasafe, Nutracon etc
providing that the cleaning detergent has neutral pH) to the tank. The
manufacturer’s dilution instructions must be followed.

3. Heat the tank to approximately 50°C to 60°C.

4. (Rinse with an organic solvent if required). Place the dismantled impactor
stages into a suitable rack/basket to separate them during the cleaning
process and also to allow the maximum surface area of the plate

to be exposed to the liquid in the tank.
5. Lower the rack/basket holding the impactor stages into the tank.

6. Switch on the Ultrasonic facility for 5 minutes for stages 0-4; -2, -1 and -0; and
for a maximum of 2 minutes for stages 5-7.

7. Switch off the Ultrasonic facility and remove the impactor stages from the tank.
8. Wash all the stages in clean cold water.

9. Remove surplus water from the stages with clean compressed air.

10. Place the stages into a Heater Cabinet set to approximately 35°C to 40°C and
leave for at least 30 minutes.

11.1f any holes still appear not to be clean or clear, then use a clean, soft-haired
brush with warm water with detergent to remove any further contaminant.
Repeat steps 4 through 10 inclusive for these stages.

12.DO NOT at any time “soak” the impactor stages for long periods in any solvent
or agueous media.
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