Inhaler Testing

Next Generation Impactor (NGI)

NGI with Induction Port for MDIs

INTRODUCTION
Before the introduction of the NGI, the
Andersen Cascade Impactor (ACI) was
the main impactor used by the
pharmaceutical industry.
Although originally designed for microbial
sampling, the ACI is a well-established
instrument that has served the industry well.
It remains in widespread use and is expected
to remain so in the foreseeable future.
Because of its air sampling origins however,
the ACI does suffer from certain drawbacks
and it is not easy to automate.
In developing the NGI, the consortium
involved drew on their extensive experience

to come up with a list of “musts” and “wants”
for the new impactor.

• Archivally calibrated flow rate range:
30 – 100 L/min

The result, the NGI, is an impactor with the
following features:

• Additional calibration at 15 L/min for
nebuliser applications

• Designed by the pharmaceutical industry
for inhaler testing

• Supplied with full stage mensuration
report (system suitability)

• Meets and exceeds all Ph.Eur. and USP
specifications

• Low inter-stage wall losses for good drug
recovery (mass balance)

• Particle size range: 0.24 – 11.7 microns
(dependent on flow rate)

• User friendly design for maximum
throughput and easy automation

• Seven stages; five with cut-offs between
0.54 and 6.12 microns at flow rates from
30 to 100 L/min

• Electrically conductive; unaffected
by static

• Excellent stage efficiency, accuracy
and reproducibility

• Design and archival calibration formally
documented and published
DESCRIPTION
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Cut-off Diameters at

15

30

60

100

L/min

Stage 1

14.10

11.72

8.06

6.12

microns

Stage 2

8.61

6.40

4.46

3.42

microns

Stage 3

5.39

3.99

2.82

2.18

microns

Stage 4

3.30

2.30

1.66

1.31

microns

Stage 5

2.08

1.36

0.94

0.72

microns

Stage 6

1.36

0.83

0.55

0.40

microns

Stage 7

0.98

0.54

0.34

0.24

microns

The initial design considerations
concentrated on the number of stages
and basic layout. Seven stages were finally
specified to give five with cut-off diameters
in the 0.5 - 5 micron range and a horizontal
planar layout adopted for ease of operation
and automation.
The cut-off diameters for the relevant stages
at volumetric flow rates of 15, 30, 60 and 100
L/min are shown left.
The air flow passes through the impactor in
a saw tooth pattern. Particle separation and
sizing is achieved by successively increasing
the velocity of the airstream as it passes
through each by forcing it through a series of
nozzles containing progressively reducing
jet diameters.

Aerodynamic Particle Size

The impactor itself comprises just three
main parts:

(stage) is held above a tear-shaped cup in a
single seal body

1. The cup tray containing the eight
collection cups used to collect the
samples prior to analysis

The feasibility of incorporating removable
nozzles was considered at some length by
the consortium but it was decided that this
was not possible without compromising
impactor integrity. The current fixed design
gives confidence in the jet-to-plate distance
– a major determinant of capture efficiency.
Perhaps more importantly, it completely
eliminates the high levels of risk associated
with removable nozzles being replaced in the
wrong position.

2. The bottom frame used to support
the cup tray
3. The lid containing the inter-stage
passageways and the seal body
which holds the nozzles in place
In routine operation, the three parts are
held together using the handle clamping
mechanism. Each circular nozzle assembly

A removable tray holds all the sample cups
such that they can be removed and/or
replaced in one single operation. Low
inter-stage losses and minimal particle
carryover mean that only the cups and
tray need changing between tests. Most
NGI users benefit from multiple sets of
cups with a single impactor in order to
maximise productivity.
At either end, the NGI has two larger
cups that collect from Stage 1 and, the
Micro-Orifice Collector (MOC) respectively.

NGI with Induction Port and Preseparator
as part of a DPI Testing System

NGI (Open View) showing Nozzles
and Collection Cups

NGI (Open View) showing Cup
Tray removed

Collection Cups and Cup Tray
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Inhaler Testing

Next Generation Impactor (NGI)
NGI with Preseparator for DPIs

The large cup used in Stage 1 minimises
large particle impaction on the walls of that
particular stage.
Whilst not a particle classifying stage in
its own right, the MOC has 4032 jets each
approx. 70 microns in diameter and is
capable of 80% collection efficiency of 0.3
micron particles (at 30 L/min) thus, in most
cases, eliminating the need for a final
filter paper.
However, if ultra-fine particles are present,
as for example in solution MDIs, then an
Internal or External Filter Holder can be
used to collect these particles in the
conventional manner.
The NGI Induction Port is manufactured
from 316 stainless steel. The tapered and
hardened outlet provides an airtight seal
with the inlet to Stage 1 without the use of
O-Rings whilst retaining the critical internal
dimensions stated in Ph.Eur. and USP.
As with other impactors, the NGI requires the
use of a preseparator when used with DPIs in
order to catch any powder boluses and large
non-inhalable particles.

Preseparator
(internal view)

sharp and reproducible cut-point of between
10 and 15 microns depending on flow rate.
Four special types of sample collection cup
are available in addition to those supplied as
standard with the NGI:
• Gravimetric Cup (for APSD determinations
based on weight)
• Deep Cup (to bypass a stage, obviating
impaction)
• Exhaust Cup (to bypass downstream
portion of impactor)
• Glass Disc Cup (for Malvern Morphologi
G3-ID system tests)
The NGI measures approx.
500 mm (L) x 160 mm (W) x 300 mm (H)
(including induction port and preseparator).
Further details regarding the design and
archival calibration of the NGI can be found
in the Journal of Aerosol Medicine Volume
16(3), 2003 and Volume 17(4), 2004.
PROCEDURE
1. Open the hinged lid of the NGI using the
quick-release handle

2. Place a fresh set of collection cups (coated
as required) into a cup tray and locate the
tray in the bottom frame of the impactor
3. Close the impactor and perform a leak test
(if necessary)
4. Attach the preseparator (if required), with
15 mL of solvent dispensed into the insert
cup, and the induction port to the inlet of
the NGI
5. Connect a suitable vacuum pump to
the outlet of the NGI and set the required
inlet flow with a flow meter
6. Connect the inhaler to the induction
port using a mouthpiece adapter and
actuate the required dose(s)
7. Remove the inhaler, throat and
preseparator (if used) and recover the
samples from these components using
a suitable solvent
8. Open the impactor, remove the cup tray
and add solvent to each of the cups.
Agitate gently before assaying the
contents using a suitable method
9. The impactor is now ready for another test

The NGI Preseparator is a high capacity, high
efficiency, two-stage preseparator with a

Stage 2
6 holes

Stage 4
52 holes

Stage 6
396 holes

MOC
4032 holes

Removable
impaction cups
Bottom frame with
cup tray in place

Stage 1 nozzle
Inter-stage passageway

Lid with
seal body
attached
Micro-orifice
collector (MOC)

Stage1
1hole

Stage 3
24 holes

Stage 5
152 holes

Stage 7
630 holes

Schematic of Seal Body showing orientation of the various stages
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Location pin

Aerodynamic Particle Size

NGI Cup Rack

Small
Gravimetric Cup

NGI Carrying/Wash Rack

External Filter
Holder

Cat. No. Description
Impactors
5201

Next Generation Impactor (NGI)

Induction Ports
5203

NGI Induction Port

8060

Flow Meter to Induction Port/WSC2 Adapter

Preseparators for testing DPIs
Internal
Filter Holder

5204

NGI Preseparator (Nickel Plated Aluminium)

5204A

NGI Preseparator with Stainless Steel Insert

Accessories
Malvern Glass Disc Cup

ANCILLARIES
The following ancillaries are required in addition to
the NGI to complete a fully operating test system
for determining the APSD of MDIs:

5205

NGI Carrying/Wash Rack

5206

Internal Filter Holder

5210

External Filter Holder

5222

NGI Collection Cup Rack

5240

Box of 100 Filters (for Internal/External Filter Holder)

5241

Gravimetric Cup Small (for APSD determinations based on weight)

5241A

Pack of 100 Filters for Small Gravimetric Cup

5244

Gravimetric Cup Large (for APSD determinations based on weight)

• Mouthpiece Adapter (see Page 90)

5243A

Deep Cup, Small (to bypass a stage, obviating impaction)

• Induction Port (Page 53)

5242A

Malvern Glass Disc Cup, Small (for Morphologi G3-ID system)

5243

Exhaust Cup, Small (to bypass downstream stages of impactor)

5254

NGI Transportation Case

• Vacuum Pump (see Page 91)
• Flow Meter (see Page 88)
• Data Analysis Software (see Page 94)

Spare Parts
5208

Collection Cup Tray

Additionally to test DPIs:

5209

Set of 8 Collection Cups (2 Large, 6 Small)

• Preseparator (see Page 53)

5245

Welded Cup Tray Manifold

5211

Set of 18 Seals for the Next Generation Impactor

5246

Set of 10 Seals for the NGI Preseparator

Options:

5247

Set of 10 Seals for the NGI Internal Filter Holder

• Automation (see Page 113)

5248

Set of 10 Seals for the NGI External Filter Holder

5249

NGI Outlet Diameter Reducing Adapter

• Critical Flow Controller (see Page 80)
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