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G-08  PREPARATIONS FOR INHALATION : AERODYNAMIC 1 
ASSESSMENT OF FINE PARTICLES 2 

This test is used to determine the fine particle characteristics of the aerosol clouds generated by 3 
preparations for inhalation. 4 

The test is performed using one of the following apparatus and test procedures. If justified and 5 
authorised, modified equipment or test procedure may be used.  6 

Stage Mensuration. Manufacturers of cascade impaction devices provide a definitive calibration 7 
for the separation characteristics of each impaction stage in terms of the relationship between the 8 
stage collection efficiency and the aerodynamic diameter of particles and droplets passing 9 
through it as an aerosol. Calibration is a property of the jet dimensions, the spatial arrangement of 10 
the jet and its collection surface, and the airflow rate passing through it. Because jets can corrode 11 
and wear over time, the critical dimensions of each stage, which define that impaction stage's 12 
calibration, must be measured on a regular basis. This process, known as stage mensuration, 13 
replaces the need for repetitive calibration (using standard aerosols) and ensures that only devices 14 
that conform to specifications are used for testing inhaler output. The process involves the 15 
measurement and adjustment of the critical dimensions of the instrument. An alternate validated 16 
and justified method of mensuration may be used. 17 
 18 
Re-entrainment. The selected technique should seek to minimize particle re-entrainment (from an 19 
upper to a lower impaction stage) where this may affect the amounts of drug collected. 20 
Minimizing the number of sampled doses, the use of coated particle collection surfaces, and 21 
proving that multiple-dose techniques produce statistically similar results to those from smaller 22 
numbers of doses, are all methods that can be used for this purpose. For apparatus D and E, coat 23 
each plate with glycerol, silicone oil or similar high viscosity liquid, typically deposited from a 24 
volatile solvent. Plate coating must be part of method validation and may be omitted where 25 
justified and authorized. In the event that re-entrainment cannot be avoided, the number of doses 26 
collected, the time interval between doses, and the total duration of airflow through the cascade 27 
impaction device should be standardised. Under these circumstances, the presentation of 28 
impaction data should not presume the validity of the impactor's calibration (i.e., aerodynamic 29 
diameter ranges should not be assigned to drug masses collected on specific stages). 30 
 31 
Inter-stage drug losses (wall losses). Wall losses should be considered in method development 32 
and validation and if present at a relevant level, they should be controlled. Wall losses will be 33 
dependent upon a number of factors including the impactor type, operating conditions, 34 
formulation type and impactor loading. How the wall loss is represented within the calculation of 35 
the aerodynamic particle size should be justified and based up on the level and variability of the 36 
wall loss for each stage. For example, wall losses that are low or have a low level of variability 37 
may be included with the drug collected on the stage associated with that wall loss (as described 38 
below for apparatus D, but which may also be necessary for apparatus E) or not included and 39 
only assay of the collection plates is required (as described below for apparatus E, but which may 40 
also be justified for apparatus D). In cases where wall loses are high or variable it may be 41 
necessary to collect the wall loss drug separately. 42 
 43 
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Mass Balance. In addition to the size distribution, good analytical practice dictates that a mass 44 
balance be performed in order to confirm that the amount of the drug discharged from the inhaler, 45 
which is captured and measured in the induction port-cascade impactor apparatus, is within an 46 
acceptable range around the expected value. The total mass of drug collected in all of the 47 
components (material balance) divided by the total number of minimum recommended doses 48 
discharged is not less than 75% and not more than 125% of the average minimum recommended 49 
dose determined during testing for uniformity of delivered dose. This is not a test of the inhaler 50 
but serves to ensure that the test results are valid. 51 
 52 

APPARATUS A - GLASS IMPINGER 53 

The apparatus is shown in Figure 1 (see also Table 1). 54 

 55 

Figure 1. – Apparatus A: glass impinger 56 

Dimensions in millimetres (tolerances ± 1 mm unless otherwise prescribed) 57 

Table 1. – Component specification for apparatus A in Figure 1 58 

Code Item Description Dimensions* 

A Mouthpiece adaptor Moulded rubber adapter for actuator mouthpiece.   

B Throat Modified round-bottomed flask:  50 mL 

    —  ground-glass inlet socket 29/32 

    —  ground-glass outlet cone 24/29 
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C Neck Modified glass adapter:    

    —  ground-glass inlet socket 24/29 

    —  ground-glass outlet cone 24/29 

    Lower outlet section of precision-bore glass tubing:    

    —  bore diameter 14 

    Selected bore light-wall glass tubing:    

    —  external diameter 17 

D Upper impingement 
chamber 

Modified round-bottomed flask 100 mL 

   —  ground-glass inlet socket 24/29 

   —  ground-glass outlet cone 14/23 

E Coupling tube Medium-wall glass tubing:    

    —  ground-glass cone 14/23 

    Bent section and upper vertical section:    

    —  external diameter 13 

    Lower vertical section:  
—  external diameter 

8 

F Screwthread, side-arm, 
adaptor 

Plastic screw cap 28/13 

   Silicone rubber ring 28/11 

   PTFE washer 28/11 

    Glass screwthread:    

    —  thread size 28 

    Side-arm outlet to vacuum pump:    

    —  minimum bore diameter 5 

G Lower jet assembly Modified polypropylene filter holder connected to lower 
vertical section of coupling tube by PTFE tubing. 

see Figure 1 

    Acetal circular disc with the centres of four jets arranged on 
a projected circle of diameter 5.3 mm with an integral jet 
spacer peg:  10 

    —  peg diameter 2 
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    —  peg protrusion 2 

H Lower impingement 
chamber 

Conical flask 250 mL 

   —  ground-glass inlet socket 24/29 

* Dimensions in millimetres, unless otherwise stated. 
Procedure for nebulisers  59 
Introduce 7 mL and 30 mL of a suitable solvent into the upper and lower impingement chambers, 60 
respectively. 61 

Connect all the component parts. Ensure that the assembly is vertical and adequately supported 62 
and that the jet spacer peg of the lower jet assembly just touches the bottom of the lower 63 
impingement chamber. Connect a suitable pump fitted with a filter (of suitable pore size) to the 64 
outlet of the apparatus. Adjust the air flow through the apparatus, as measured at the inlet to the 65 
throat, to 60 ± 5 L/min. 66 

Introduce the liquid preparation for inhalation into the reservoir of the nebuliser. Fit the 67 
mouthpiece and connect it by means of an adapter to the device. 68 

Switch on the pump of the apparatus and after 10 s switch on the nebuliser. 69 

After 60 s, unless otherwise justified, switch off the nebuliser, wait for about 5 s and then switch 70 
off the pump of the apparatus. Dismantle the apparatus and wash the inner surface of the upper 71 
impingement chamber collecting the washings in a volumetric flask. Wash the inner surface of 72 
the lower impingement chamber collecting the washings in a second volumetric flask. Finally, 73 
wash the filter preceding the pump and its connections to the lower impingement chamber and 74 
combine the washings with those obtained from the lower impingement chamber. Determine the 75 
amount of active substance collected in each of the 2 flasks. Express the results for each of the 76 
2 parts of the apparatus as a percentage of the total amount of active substance. 77 

Procedure for pressurised inhalers 78 

Place the actuator adapter in position at the end of the throat so that the mouthpiece end of the 79 
actuator, when inserted to a depth of about 10 mm, lines up along the horizontal axis of the throat 80 
and the open end of the actuator, which accepts the pressurised container, is uppermost and in the 81 
same vertical plane as the rest of the apparatus. 82 

Introduce 7 mL and 30 mL of a suitable solvent into the upper and lower impingement chambers, 83 
respectively. 84 

Connect all the component parts. Ensure that the assembly is vertical and adequately supported 85 
and that the lower jet-spacer peg of the lower jet assembly just touches the bottom of the lower 86 
impingement chamber. Connect a suitable pump to the outlet of the apparatus. Adjust the air flow 87 
through the apparatus, as measured at the inlet to the throat, to 60 ± 5 L/min. 88 
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Prime the metering valve by shaking for 5 s and discharging once to waste; after not less than 5 s, 89 
shake and discharge again to waste. Repeat a further 3 times. 90 

Shake for about 5 s, switch on the pump to the apparatus and locate the mouthpiece end of the 91 
actuator in the adapter, discharge once immediately. Remove the assembled inhaler from the 92 
adapter, shake for not less than 5 s, relocate the mouthpiece end of the actuator in the adapter and 93 
discharge again. Repeat the discharge sequence. The number of discharges should be minimised 94 
and typically would not be greater than 10. After the final discharge wait for not less than 5 s and 95 
then switch off the pump. Dismantle the apparatus. 96 

Wash the inner surface of the inlet tube to the lower impingement chamber and its outer surface 97 
that projects into the chamber with a suitable solvent, collecting the washings in the lower 98 
impingement chamber. Determine the content of active substance in this solution. Calculate the 99 
amount of active substance collected in the lower impingement chamber per discharge and 100 
express the results as a percentage of the dose stated on the label. 101 

Fine particle dose and particle size distribution 102 

APPARATUS C - MULTI-STAGE LIQUID IMPINGER 103 

 104 

Figure 4. – Apparatus C: multi-stage liquid impinger 105 
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 106 

Figure 5. – Apparatus C: details of jet tube and impaction plate. Inserts show end of multi-jet 107 
tube U leading to stage 4. (Numbers and lowercase letters refer to Table 3 and uppercase letters 108 

refer to Figure 4). 109 

The multi-stage liquid impinger consists of impaction stages 1 (pre-separator), 2, 3 and 4 and an 110 
integral filter stage (stage 5), see Figures 4/6. An impaction stage comprises an upper horizontal 111 
metal partition wall (B) through which a metal inlet jet tube (A) with its impaction plate (D) is 112 
protruding. A glass cylinder (E) with sampling port (F) forms the vertical wall of the stage, and a 113 
lower horizontal metal partition wall (G) through which the tube (H) connects to the next lower 114 
stage. The tube into stage 4 (U) ends in a multi-jet arrangement. The impaction plate (D) is 115 
secured in a metal frame (J) which is fastened by 2 wires (K) to a sleeve (L) secured on the jet 116 
tube. The horizontal face of the collection plate is perpendicular to the axis of the jet tube and 117 
centrally aligned. The upper surface of the impaction plate is slightly raised above the edge of the 118 
metal frame. A recess around the perimeter of the horizontal partition wall guides the position of 119 
the glass cylinder. The glass cylinders are sealed against the horizontal partition walls with 120 
gaskets (M) and clamped together by 6 bolts (N). The sampling ports are sealed by stoppers. The 121 
bottom-side of the lower partition wall of stage 4 has a concentrical protrusion fitted with a 122 
rubber O-ring (P) which seals against the edge of a filter placed in the filter holder. The filter 123 
holder (R) is constructed as a basin with a concentrical recess in which a perforated filter 124 
support (S) is flush-fitted. The filter holder is dimensioned for 76 mm diameter filters. The 125 
assembly of impaction stages is clamped onto the filter holder by 2 snap-locks (T). Connect an 126 
induction port (see Figure 7) onto the stage 1 inlet jet tube of the impinger. A rubber O-ring on 127 
the jet tube provides an airtight connection to the induction port. A suitable mouthpiece adapter is 128 
used to provide an airtight seal between the inhaler and the induction port. The front face of the 129 
inhaler mouthpiece must be flush with the front face of the induction port. 130 
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 131 

Figure 6. – Apparatus C: details of the filter stage (stage 5). Numbers refer to dimensions 132 
(Ø = diameter). Uppercase letters refer to Table 2. 133 

Dimensions in millimetres unless otherwise stated 134 

Table 2. – Component specification for apparatus C in Figures 4/6 135 

Code* Item Description Dimensions** 

A,H Jet tube Metal tube screwed onto partition wall sealed by 
gasket (C), polished inner surface 

see Figure 5 

B,G Partition wall Circular metal plate   

    —  diameter 120 

    —  thickness see Figure 5 

C Gasket e.g. PTFE to fit jet tube 

D Impaction plate Porosity 0 sintered-glass disk   

   —  diameter see Figure 5 

E Glass cylinder Plane polished cut glass tube   

    —  height, including gaskets 46 

    —  outer diameter 100 

    —  wall thickness 3.5 

    —  sampling port (F) diameter 18 

    —  stopper in sampling port ISO 24/25 

J Metal frame L-profiled circular frame with slit   

    —  inner diameter to fit impaction 
plate 

    —  height 4 
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    —  thickness of horizontal section 0.5 

    —  thickness of vertical section 2 

K Wire Steel wire interconnecting metal frame and sleeve (2 for 
each frame) 

  

    —  diameter 1 

L Sleeve Metal sleeve secured on jet tube by screw   

    —  inner diameter to fit jet tube 

    —  height 6 

    —  thickness 5 

M Gasket e.g. silicone to fit glass cylinder 

N Bolt Metal bolt with nut (6 pairs)   

    —  length 205 

    —  diameter 4 

P O-ring Rubber O-ring   

    —  diameter × thickness 66.34 × 2.62 

Q O-ring Rubber O-ring   

    —  diameter × thickness 29.1 × 1.6 

R Filter holder Metal housing with stand and outlet see Figure 6 

S Filter support Perforated sheet metal   

    —  diameter 65 

    —  hole diameter 3 

    —  distance between holes (centre-points) 4 

T Snap-locks     

U Multi-jet tube Jet tube (H) ending in multi-jet arrangement. see inserts Figure 5 

* Refers to Figure 4. 
** Measures in millimetres with tolerances according to ISO 2768-m unless otherwise stated. 
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 136 
Note 

(1) Material may be aluminium, stainless steel or other suitable material. 
(2) Machine from 38 mm bar stock. 
(3) Bore 19 mm hole through bar. 
(4) Cut tube to exact 45° as shown. 
(5) The inner bores and tapers should be smooth — surface roughness Ra approx. 0.4 µm. 
(6) Mill joining cads of stock to provide a liquid tight leak-free seal. 
(7) Set up a holding fixture for aligning the inner 19 mm bore and for drilling and tapping M4 × 0.7 

threads. There must be virtually no mismatch of the inner bores in the miter joint. 
Figure 7. – Induction port 137 

Dimensions in millimetres unless otherwise stated 138 

Procedure for pressurised inhalers 139 

Dispense 20 mL of a solvent, capable of dissolving the active substance into each of stages 1 to 4 140 
and replace the stoppers. Tilt the apparatus to wet the stoppers, thereby neutralising electrostatic 141 
charge. Place a suitable filter capable of quantitatively collecting the active substance in stage 5 142 
and assemble the apparatus. Place a suitable mouthpiece adapter in position at the end of the 143 
induction port so that the mouthpiece end of the actuator inhaler, when inserted, lines up along 144 
the horizontal axis of the induction port. The front face of the inhaler mouthpiece must be flush 145 
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with the front face of the induction port. When attached to the mouthpiece adaptor, the inhaler is 146 
positioned in the same orientation as intended for use. Connect a suitable vacuum pump to the 147 
outlet of the apparatus and adjust the air flow through the apparatus, as measured at the inlet to 148 
the induction port, to 30 L/min (± 5 per cent). Switch off the pump.  149 

Table 3. – Dimensions(1) of jet tube with impaction plate of apparatus C 150 

Type Code(2) Stage 1 Stage 2 Stage 3 Stage 4 Filter 
(stage 5) 

Distance 1 9.5 
(-.0+.5) 

5.5 
(-.0+.5) 

4.0 
(-.0+.5) 

6.0 
(-.0+.5) 

n.a. 

Distance 2 26 31 33 30.5 0 

Distance 3 8 5 5 5 5 

Distance 4 3 3 3 3 n.a. 

Distance 5 0 3 3 3 3 

Distance 6 (3) 20 25 25 25 25 

Distance 7 n.a. n.a. n.a. 8.5 n.a. 

Diameter c 25 14 8.0 (± .1) 21 14 

Diameter d 50 30 20 30 n.a. 

Diameter e 27.9 16.5 10.5 23.9 n.a. 

Diameter f 31.75 (-.0+.5) 22 14 31 22 

Diameter g 25.4 21 13 30 21 

Diameter h n.a. n.a. n.a. 2.70 (± .5) n.a. 

Diameter j n.a. n.a. n.a. 6.3 n.a. 

Diameter k n.a. n.a. n.a. 12.6 n.a. 

Radius(4) r 16 22 27 28.5 0 

Radius s 46 46 46 46 n.a. 

Radius t n.a. 50 50 50 50 

Angle w 10° 53° 53° 53° 53° 

Angle u n.a. n.a. n.a. 45° n.a. 

Angle v n.a. n.a. n.a. 60° n.a. 

(1) Measures in millimetres with tolerances according to ISO 2768-m unless otherwise stated 
(2) Refer to Figure 5 
(3) Including gasket 
(4) Relative centreline of stage compartment 
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n.a. = not applicable 
Unless otherwise prescribed in the patient instructions, shake the inhaler for 5 s and discharge 151 
1 delivery to waste. Switch on the pump to the apparatus, locate the mouthpiece end of the 152 
inhaler in the adapter and discharge the inhaler into the apparatus, actuating the inhaler for a 153 
sufficient time to ensure complete discharge. Wait for 5 s before removing the assembled inhaler 154 
from the adapter. Repeat the procedure. The number of discharges should be minimised and 155 
typically would not be greater than 10. The number of discharges is sufficient to ensure an 156 
accurate and precise determination of the fine particle dose. After the final discharge, wait for 5 s 157 
and then switch off the pump. 158 
Dismantle the filter stage of the apparatus. Carefully remove the filter and extract the active 159 
substance into an aliquot of the solvent. Remove the induction port and mouthpiece adapter from 160 
the apparatus and extract the active substance into an aliquot of the solvent. If necessary, rinse the 161 
inside of the inlet jet tube to stage 1 with solvent, allowing the solvent to flow into the stage. 162 
Extract the active substance from the inner walls and the collection plate of each of the 4 upper 163 
stages of the apparatus into the solution in the respective stage by carefully tilting and rotating the 164 
apparatus, observing that no liquid transfer occurs between the stages. 165 

Using a suitable method of analysis, determine the quantity of active substance contained in each 166 
of the aliquots of solvent. 167 

Calculate the fine particle dose (see Calculations). 168 

Procedure for powder inhalers 169 

Place a suitable low resistance filter capable of quantitatively collecting the active substance in 170 
stage 5 and assemble the apparatus. Connect the apparatus to a flow system according to the 171 
scheme specified in Figure 8 and Table 4. Unless otherwise defined, conduct the test at the flow 172 
rate, Qout, used in the test for uniformity of delivered dose, drawing 4 litres of air from the 173 
mouthpiece of the inhaler and through the apparatus.  174 

 175 

Figure 8. – Experimental set-up for testing powder inhalers 176 

Table 4. – Component specification for Figure 8 177 

Code Item Description 
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A Connector ID ≥ 8 mm, e.g., short metal coupling, with low-diameter branch to P3. 

B Vacuum tubing A length of suitable tubing having an ID ≥ 8 mm and an internal volume of 
25 ± 5 mL. 

C 2-way solenoid valve A 2-way, 2-port solenoid valve having a minimum airflow resistance 
orifice with ID ≥ 8 mm and an opening time ≤ 100 ms. (e.g. type 256-A08, 
Bürkert GmbH, D-74653 Ingelfingen), or equivalent. 

D Vacuum pump Pump must be capable of drawing the required flow rate through the 
assembled apparatus with the powder inhaler in the mouthpiece adapter 
(e.g. product type 1023, 1423 or 2565, Gast Manufacturing Inc., Benton 
Harbor, MI 49022), or equivalent. Connect the pump to the 2-way solenoid 
valve using short and/or wide (ID ≥ 10 mm) vacuum tubing and connectors 
to minimise pump capacity requirements. 

E Timer Timer capable to drive the 2-way solenoid valve for the required duration 
(e.g. type G814, RS Components International, Corby, NN17 9RS, UK), or 
equivalent. 

P2 P3 Pressure measurements Determine under steady-state flow condition with an absolute pressure 
transducer. 

F Flow control valve Adjustable regulating valve with maximum Cv ≥ 1, (e.g. type 8FV12LNSS, 
Parker Hannifin plc., Barnstaple, EX31 1NP, UK), or equivalent. 

Connect a flowmeter to the induction port. Use a flowmeter calibrated for the volumetric flow 178 
leaving the meter, or calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. 179 
For a meter calibrated for the entering volumetric flow (Qin), use the following expression: 180 

 181 

P0  =  atmospheric pressure, 

ΔP  =  pressure drop over the meter. 

Adjust the flow control valve to achieve steady flow through the system at the required rate, Qout 182 
(± 5 per cent). Switch off the pump. Ensure that critical flow occurs in the flow control valve by 183 
the following procedure.  184 

With the inhaler in place and the test flow rate established, measure the absolute pressure on both 185 
sides of the control valve (pressure reading points P2 and P3 in Figure 8). A ratio P3/P2 of less 186 
than or equal to 0.5 indicates critical flow. Switch to a more powerful pump and re-measure the 187 
test flow rate if critical flow is not indicated. 188 

Dispense 20 mL of a solvent, capable of dissolving the active substance into each of the 4 upper 189 
stages of the apparatus and replace the stoppers. Tilt the apparatus to wet the stoppers, thereby 190 
neutralising electrostatic charge. Place a suitable mouthpiece adapter in position at the end of the 191 
induction port so that the mouthpiece end of the inhaler, when inserted, lines up along the 192 
horizontal axis of the induction port. The front face of the inhaler mouthpiece must be flush with 193 
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the front face of the induction port. When attached to the mouthpiece adaptor, the inhaler is 194 
positioned in the same orientation as intended for use. 195 

Prepare the powder inhaler for use according to patient instructions. With the pump running and 196 
the 2-way solenoid valve closed, locate the mouthpiece of the inhaler in the mouthpiece adapter. 197 
Discharge the powder into the apparatus by opening the valve for the required time, T (± 5 per 198 
cent). Repeat the procedure. The number of discharges should be minimised and typically would 199 
not be greater than 10. The number of discharges is sufficient to ensure an accurate and precise 200 
determination of fine particle dose.  201 

Dismantle the filter stage of the apparatus. Carefully remove the filter and extract the active 202 
substance into an aliquot of the solvent. Remove the induction port and mouthpiece adapter from 203 
the apparatus and extract the active substance into an aliquot of the solvent. If necessary, rinse the 204 
inside of the inlet jet tube to stage 1 with solvent, allowing the solvent to flow into the stage. 205 
Extract the active substance from the inner walls and the collection plate of each of the 4 upper 206 
stages of the apparatus into the solution in the respective stage by carefully tilting and rotating the 207 
apparatus, observing that no liquid transfer occurs between the stages. 208 

Using a suitable method of analysis, determine the amount of active substance contained in each 209 
of the aliquots of solvent. 210 

Calculate the fine particle dose (see Calculations). 211 

APPARATUS D - ANDERSEN CASCADE IMPACTOR 212 

The Andersen 1 ACFM non-viable cascade impactor consists of 8 stages together with a final 213 
filter. Material of construction may be aluminium, stainless steel or other suitable material. The 214 
stages are clamped together and sealed with O-rings. Critical dimensions applied by the 215 
manufacturer of apparatus D are provided in Table 5. In use, some occlusions and wear of holes 216 
will occur. In-use mensuration tolerances need to be justified. In the configuration used for 217 
pressurised inhalers (Figure 9) the entry cone of the impactor is connected to an induction port 218 
(see Figure 7). A suitable mouthpiece adapter is used to provide an airtight seal between the 219 
inhaler and the induction port. The front face of the inhaler mouthpiece must be flush with the 220 
front face of the induction port.  221 

In the configuration for powder inhalers, a pre-separator is placed above the top stage to collect 222 
large masses of non-respirable powder. The top of the pre-separator shown in Figure 10 is used to 223 
adapt the pre-separator to the induction port. To accommodate high flow rates through the 224 
impactor, the outlet nipple, used to connect the impactor to the vacuum system is enlarged to 225 
have an internal diameter greater than or equal to 8 mm. 226 

Table 5. – Critical dimensions for apparatus D 227 

Description Number Dimension (mm) 
Stage 0 nozzle diameter 96 2.55 ± 0.025 
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Stage 1 nozzle diameter 96 1.89 ± 0.025 
Stage 2 nozzle diameter 400 0.914 ± 0.0127 
Stage 3 nozzle diameter 400 0.711 ± 0.0127 
Stage 4 nozzle diameter 400 0.533 ± 0.0127 
Stage 5 nozzle diameter 400 0.343 ± 0.0127 
Stage 6 nozzle diameter 400 0.254 ± 0.0127 
Stage 7 nozzle diameter 201 0.254 ± 0.0127 

 228 
Figure 9. – Apparatus D: Andersen cascade impactor used for pressurised inhalers 229 
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 230 

Figure 10a. – Expanded view of top for the Andersen pre-separator adapted to the induction port 231 
Dimensions in millimetres unless otherwise stated 232 

 233 

Figure 10b. - Expanded view of the entrance cone for mounting induction port on the Andersen 234 
cascade impactor without pre-separator. Material may be aluminum, stainless steel, or other 235 
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suitable material. Surface roughness (Ra) should be approximately 0.4 µm. Dimensions in 236 
millimetres unless otherwise stated 237 

Procedure for pressurised inhalers 238 

Assemble the Andersen impactor with a suitable filter in place. Ensure that the system is airtight. 239 
In that respect, follow the manufacturer’s instructions. Place a suitable mouthpiece adapter in 240 
position at the end of the induction port so that the mouthpiece end of the inhaler, when inserted, 241 
lines up along the horizontal axis of the induction port. The front face of the inhaler mouthpiece 242 
must be flush with the front face of the induction port. When attached to the mouthpiece adaptor, 243 
the inhaler unit is positioned in the same orientation as the intended use. Connect a suitable pump 244 
to the outlet of the apparatus and adjust the air flow through the apparatus, as measured at the 245 
inlet to the induction port, to 28.3 L/min (± 5 per cent). Switch off the pump.  246 

Unless otherwise prescribed in the patient instructions, shake the inhaler for 5 s and discharge 247 
one delivery to waste. Switch on the pump to the apparatus, locate the mouthpiece end of the 248 
inhaler in the adapter and discharge the inhaler into the apparatus, actuating the inhaler for a 249 
sufficient time to ensure complete discharge. Wait for 5 s before removing the assembled inhaler 250 
from the adapter. Repeat the procedure. The number of discharges should be minimised and 251 
typically would not be greater than 10. The number of discharges is sufficient to ensure an 252 
accurate and precise determination of the fine particle dose. After the final discharge, wait for 5 s 253 
and then switch off the pump. 254 

Dismantle the apparatus. Carefully remove the filter and extract the active substance into an 255 
aliquot of the solvent. Remove the induction port and mouthpiece adapter from the apparatus and 256 
extract the active substance into an aliquot of the solvent. Extract the active substance from the 257 
inner walls and the collection plate of each of the stages of the apparatus into aliquots of solvent. 258 

Using a suitable method of analysis, determine the quantity of active substance contained in each 259 
of the aliquots of solvent. 260 

Calculate the fine particle dose (see Calculations). 261 

Procedure for powder inhalers 262 

The aerodynamic cut-off diameters of the individual stages of this apparatus are currently not 263 
well-established at flow rates other than 28.3 L/min. Users must justify and validate the use of 264 
the impactor in the chosen conditions, when flow rates different from 28.3 L/min are selected. 265 

Assemble the Andersen impactor with the pre-separator and a suitable filter in place and ensure 266 
that the system is airtight. Depending on the product characteristics, the pre-separator may be 267 
omitted, where justified and authorised. Stages 6 and 7 may also be omitted at high flow rates, if 268 
justified. The pre-separator may be coated in the same way as the plates or may contain 10 mL of 269 
a suitable solvent. Connect the apparatus to a flow system according to the scheme specified in 270 
Figure 8 and Table 4. 271 
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Unless otherwise defined, conduct the test at the flow rate, Qout, used in the test for uniformity of 272 
delivered dose drawing 4 litres of air from the mouthpiece of the inhaler and through the 273 
apparatus.  274 

Connect a flowmeter to the induction port. Use a flowmeter calibrated for the volumetric flow 275 
leaving the meter, or calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. 276 
For a meter calibrated for the entering volumetric flow (Qin), use the following expression: 277 

 278 

P0  =  atmospheric pressure, 

ΔP  =  pressure drop over the meter. 

Adjust the flow control valve to achieve steady flow through the system at the required rate, Qout 279 
(± 5 per cent). Ensure that critical flow occurs in the flow control valve by the procedure 280 
described for Apparatus C. Switch off the pump. 281 

Place a suitable mouthpiece adapter in position at the end of the induction port so that the 282 
mouthpiece end of the inhaler, when inserted, lines up along the horizontal axis of the induction 283 
port. The front face of the inhaler mouthpiece must be flush with the front face of the induction 284 
port. When attached to the mouthpiece adaptor, the inhaler is positioned in the same orientation 285 
as intended for use. 286 

Prepare the powder inhaler for use according to the patient instructions. With the pump running 287 
and the 2-way solenoid valve closed, locate the mouthpiece of the inhaler in the mouthpiece 288 
adapter. Discharge the powder into the apparatus by opening the valve for the required time, 289 
T (± 5 per cent). Repeat the discharge sequence. The number of discharges should be minimised 290 
and typically would not be greater than 10. The number of discharges is sufficient to ensure an 291 
accurate and precise determination of fine particle dose.  292 

Dismantle the apparatus. Carefully remove the filter and extract the active substance into an 293 
aliquot of the solvent. Remove the pre-separator, induction port and mouthpiece adapter from the 294 
apparatus and extract the active substance into an aliquot of the solvent. Extract the active 295 
substance from the inner walls and the collection plate of each of the stages of the apparatus into 296 
aliquots of solvent. 297 

Using a suitable method of analysis, determine the quantity of active substance contained in each 298 
of the aliquots of solvent. 299 

Calculate the fine particle dose (see Calculations). 300 

APPARATUS E 301 
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Apparatus E is a cascade impactor with 7 stages and a micro-orifice collector (MOC). Over the 302 
flow rate range of 30 L/min to 100 L/min the 50 per cent-efficiency cut-off diameters (D50 values) 303 
range between 0.24 µm to 11.7 µm, evenly spaced on a logarithmic scale. In this flow range, 304 
there are always at least 5 stages with D50 values between 0.5 µm and 6.5 µm. The collection 305 
efficiency curves for each stage are sharp and minimise overlap between stages.  306 

Material of construction may be aluminium, stainless steel or other suitable material. 307 

The impactor configuration has removable impaction cups with all the cups in one plane 308 
(Figures  11/14). There are 3 main sections to the impactor; the bottom frame that holds the 309 
impaction cups, the seal body that holds the jets and the lid that contains the interstage 310 
passageways (Figures  11/12). Multiple nozzles are used at all but the first stage (Figure  13). The 311 
flow passes through the impactor in a saw-tooth pattern. 312 

Critical dimensions are provided in Table 6. 313 

 314 

Figure11. – Apparatus E (shown with the pre-separator in place) 315 
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 316 

Figure 12. – Apparatus E showing component parts 317 

In routine operation, the seal body and lid are held together as a single assembly. The impaction 318 
cups are accessible when this assembly is opened at the end of an inhaler test. The cups are held 319 
in a support tray, so that all cups can be removed from the impactor simultaneously by lifting out 320 
the tray. 321 

An induction port with internal dimensions (relevant to the airflow path) defined in Figure 7 322 
connects to the impactor inlet. A pre-separator can be added when required, typically with 323 
powder inhalers, and connects between the induction port and the impactor. A suitable 324 
mouthpiece adapter is used to provide an airtight seal between the inhaler and the induction port. 325 

Apparatus E contains a terminal Micro-Orifice Collector (MOC) that for most formulations will 326 
eliminate the need for a final filter as determined by method validation. The MOC is an impactor 327 
plate with nominally 4032 holes, each approximately 70 µm in diameter. Most particles not 328 
captured on stage 7 of the impactor will be captured on the cup surface below the MOC. For 329 
impactors operated at 60 L/min, the MOC is capable of collecting 80 per cent of 0.14 µm 330 
particles. For formulations with a significant fraction of particles not captured by the MOC, there 331 
is an optional filter holder that can replace the MOC or be placed downstream of the MOC (a 332 
glass fibre filter is suitable). 333 

Procedure for pressurised inhalers 334 

Place cups into the apertures in the cup tray. Insert the cup tray into the bottom frame, and lower 335 
into place. Close the impactor lid with the seal body attached and operate the handle to lock the 336 
impactor together so that the system is airtight. 337 

Connect an induction port with internal dimensions defined in Figure 7 to the impactor inlet. 338 
Place a suitable mouthpiece adapter in position at the end of the induction port so that the 339 
mouthpiece end of the inhaler, when inserted, lines up along the horizontal axis of the induction 340 
port. The front face of the inhaler mouthpiece must be flush with the front face of the induction 341 
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port. When attached to the mouthpiece adapter, the inhaler is positioned in the same orientation 342 
as intended for use. Connect a suitable pump to the outlet of the apparatus and adjust the air flow 343 
through the apparatus, as measured at the inlet to the induction port, to 30 L/min (± 5 per cent). 344 
Switch off the pump. 345 

Table 6. – Critical dimensions for apparatus E 346 

Description Dimension 
(mm) 

Pre-separator (dimension a - see Figure 15) 12.8 ± 0.05 
Stage 1* Nozzle diameter 14.3 ± 0.05 
Stage 2* Nozzle diameter 4.88 ± 0.04 
Stage 3* Nozzle diameter 2.185 ± 0.02 
Stage 4* Nozzle diameter 1.207 ± 0.01 
Stage 5* Nozzle diameter 0.608 ± 0.01 
Stage 6* Nozzle diameter 0.323 ± 0.01 
Stage 7* Nozzle diameter 0.206 ± 0.01 
MOC* approx. 0.070 
Cup depth (dimension b - see Figure 14) 14.625 ± 0.10 
Collection cup surface roughness (Ra) 0.5 - 2 µm 
Stage 1 nozzle to seal body distance** - dimension c 0 ± 1.18 
Stage 2 nozzle to seal body distance** - dimension c 5.236 ± 0.736 
Stage 3 nozzle to seal body distance** - dimension c 8.445 ± 0.410 
Stage 4 nozzle to seal body distance** - dimension c 11.379 ± 0.237 
Stage 5 nozzle to seal body distance** - dimension c 13.176 ± 0.341 
Stage 6 nozzle to seal body distance** - dimension c 13.999 ± 0.071 
Stage 7 nozzle to seal body distance** - dimension c 14.000 ± 0.071 
MOC nozzle to seal body distance** - dimension c 14.429 to 14.571 
* See Figure 13 
** See Figure 14 
Unless otherwise prescribed in the patient instructions, shake the inhaler for 5 s and discharge 347 
1 delivery to waste. Switch on the pump to the apparatus, locate the mouthpiece end of the 348 
inhaler in the adapter and discharge the inhaler into the apparatus, actuating the inhaler for a 349 
sufficient time to ensure a complete discharge.  350 
Wait for 5 s before removing the assembled inhaler from the adapter. Repeat the procedure. The 351 
number of discharges should be minimised, and typically would not be greater than 10. The 352 
number of discharges is sufficient to ensure an accurate and precise determination of the fine 353 
particle dose. After the final discharge, wait for 5 s and then switch off the pump. 354 

Dismantle the apparatus and recover the active substance as follows: remove the induction port 355 
and mouthpiece adapter from the apparatus and recover the deposited active substance into an 356 
aliquot of solvent. Open the impactor by releasing the handle and lifting the lid. Remove the cup 357 
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tray, with the collection cups, and recover the active substance in each cup into an aliquot of 358 
solvent.  359 

Using a suitable method of analysis, determine the quantity of active substance contained in each 360 
of the aliquots of solvent. 361 

Calculate the fine particle dose (see Calculations). 362 

 363 

Figure 13. – Apparatus E: nozzle configuration 364 

 365 

Figure 14. – Apparatus E: configuration of interstage passageways 366 

 367 
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 368 

Figure 15. – Apparatus E: pre-separator configuration 369 

Procedure for powder inhalers 370 

Assemble the apparatus with the pre-separator (Figure 15). Depending on the product 371 
characteristics, the pre-separator may be omitted, where justified. 372 

Place cups into the apertures in the cup tray. Insert the cup tray into the bottom frame, and lower 373 
into place. Close the impactor lid with the seal body attached and operate the handle to lock the 374 
impactor together so that the system is airtight. 375 

When used, the pre-separator should be assembled as follows: assemble the pre-separator insert 376 
into the pre-separator base. Fit the pre-separator base to the impactor inlet. Add 15 mL of the 377 
solvent used for sample recovery to the central cup of the pre-separator insert. Place the pre-378 
separator body on top of this assembly and close the 2 catches.  379 

Connect an induction port with internal dimensions defined in Figure 7 to the impactor inlet or 380 
pre-separator inlet. Connect the apparatus to a flow system according to the scheme specified in 381 
Figure 8 and Table 4. 382 

Unless otherwise prescribed, conduct the test at the flow rate, Qout, used in the test for uniformity 383 
of delivered dose drawing 4 L of air from the mouthpiece of the inhaler and through the apparatus. 384 
Connect a flowmeter to the induction port. Use a flowmeter calibrated for the volumetric flow 385 
leaving the meter, or calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. 386 
For a meter calibrated for the entering volumetric flow (Qin), use the following expression:  387 

 388 

P0  =  atmospheric pressure, 
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ΔP  =  pressure drop over the meter. 

Adjust the flow control valve to achieve steady flow through the system at the required rate, Qout 389 
(± 5 per cent). Ensure that critical flow occurs in the flow control valve by the procedure 390 
described for Apparatus C. Switch off the pump.  391 

Place a suitable mouthpiece adapter in position at the end of the induction port so that the 392 
mouthpiece end of the inhaler, when inserted, lines up along the horizontal axis of the induction 393 
port. The front face of the inhaler mouthpiece must be flush with the front face of the induction 394 
port. When attached to the mouthpiece adapter, the inhaler is positioned in the same orientation 395 
as intended for use. 396 

Prepare the powder inhaler for use according to the patient instructions. With the pump running 397 
and the 2-way solenoid valve closed, locate the mouthpiece of the inhaler in the mouthpiece 398 
adapter. Discharge the powder into the apparatus by opening the valve for the required time, 399 
T (± 5 per cent). Repeat the discharge sequence. The number of discharges should be minimised 400 
and typically would not be greater than 10. The number of discharges is sufficient to ensure an 401 
accurate and precise determination of fine particle dose. 402 

Dismantle the apparatus and recover the active substance as follows: remove the induction port 403 
and mouthpiece adapter from the pre-separator, when used, and recover the deposited active 404 
substance into an aliquot of solvent. When used, remove the pre-separator from the impactor, 405 
being careful to avoid spilling the cup liquid into the impactor. Recover the active substance from 406 
the pre-separator. 407 

Open the impactor by releasing the handle and lifting the lid. Remove the cup tray, with the 408 
collection cups, and recover the active substance in each cup into an aliquot of solvent. 409 

Using a suitable method of analysis, determine the quantity of active substance contained in each 410 
of the aliquots of solvent. 411 

Calculate the fine particle dose (see Calculations). 412 

CALCULATIONS 413 

From the analysis of the solutions, calculate the mass of active substance deposited on each stage 414 
per discharge and the mass of active substance per discharge deposited in the induction port, 415 
mouthpiece adapter and when used, the pre-separator.  416 

Starting at the final collection site (filter or MOC), derive a table of cumulative mass versus cut-417 
off diameter of the respective stage (see Table 7 for Apparatus C, Table 8 for Apparatus D, Table 418 
9 for Apparatus E). Calculate by interpolation the mass of the active substance less than 5 µm. 419 
This is the Fine Particle Dose (FPD). 420 
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If necessary, and where appropriate (e.g., where there is a log-normal distribution), plot the 421 
cumulative fraction of active substance versus cut-off diameter (see Tables 7/9) on log 422 
probability paper, and use this plot to determine values for the Mass Median Aerodynamic 423 
Diameter (MMAD) and Geometric Standard Deviation (GSD) as appropriate. Appropriate 424 
computational methods may also be used. 425 

Table 7. – Calculations for Apparatus C. Use q = , where Q is the test flow rate in L/min (Qout for powder 426 
inhalers) 427 

Cut-off diameter 
(µm) 

Mass of active substance 
deposited per discharge 

Cumulative mass of active 
substance deposited per 

discharge 

Cumulative fraction of active 
substance  
(per cent) 

d4 = 1.7 × q mass from filter stage, m5* c4 = m5 f4 = (c4/c) × 100 

d3 = 3.1 × q mass from stage 4, m4 c3 = c4 + m4 f3 = (c3/c) × 100 

d2 = 6.8 × q mass from stage 3, m3 c2 = c3 + m3 f2 = (c2/c) × 100 

  mass from stage 2, m2 c = c2 + m2 100 

* Stage 5 is the filter stage 
 428 

Table 8. – Calculations for Apparatus D when used at a flow rate of 28.3 L/min 429 
 430 

Cut-off diameter 
(µm) 

Mass of active substance 
deposited per discharge 

Cumulative mass of active 
substance deposited per 

discharge 

Cumulative fraction of active 
substance (per cent) 

d7 = 0.4 mass from filter stage, m8 c7 = m8 f7 = (c7/c) × 100 

d6 = 0.7 mass from stage 7, m7 c6 = c7 + m7 f6 = (c6/c) × 100 

d5 = 1.1 mass from stage 6, m6 c5 = c6 + m6 f5 = (c5/c) × 100 

d4 = 2.1 mass from stage 5, m5 c4 = c5 + m5 f4 = (c4/c) × 100 

d3 = 3.3 mass from stage 4, m4 c3 = c4 + m4 f3 = (c3/c) × 100 

d2 = 4.7 mass from stage 3, m3 c2 = c3 + m3 f2 = (c2/c) × 100 

d1 = 5.8 mass from stage 2, m2 c1 = c2 + m2 f1 = (c1/c) × 100 

d0 = 9.0 mass from stage 1, m1 c0 = c1 + m1 f0 = (c0/c) × 100 

  mass from stage 0, m0 c = c0 + m0 100 

 431 
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Table 9. – Calculations for Apparatus E. Use q = (60/Q)x, where Q is the test flow rate in L/min, and x is listed in the 432 
table 433 

Cut-off diameter 
(µm) 

x Mass of active 
substance deposited per 

discharge 

Cumulative mass of active 
substance deposited per 

discharge 

Cumulative fraction of 
active substance (per cent) 

d7 = 0.34 × q 0.67 mass from MOC or 
terminal filter, m8 

c7 = m8 F7 = (c7/c) × 100 

d6 = 0.55 × q 0.60 mass from stage 7, m7 c6 = c7 + m7 F6 = (c6/c) × 100 
d5 = 0.94 × q 0.53 mass from stage 6, m6 c5 = c6 + m6 F5 = (c5/c) × 100 
d4 = 1.66 × q 0.47 mass from stage 5, m5 c4 = c5 + m5 F4 = (c4/c) × 100 
d3 = 2.82 × q 0.50 mass from stage 4, m4 c3 = c4 + m4 F3 = (c3/c) × 100 
d2 = 4.46 × q 0.52 mass from stage 3, m3 c2 = c3 + m3 F2 = (c2/c) × 100 
d1 = 8.06 × q 0.54 mass from stage 2, m2 c1 = c2 + m2 F1 = (c1/c) × 100 

  mass from stage 1, m1 c = c1 + m1 100 
 434 


