
Figure 3. One typical size 
distributions from the 
twenty simulations using 
100 particles (figure on top 
left), 1000 particles (figure 
on top right), and 10,000 
particles (figure on right).

Microsoft Excel spreadsheets were used to simulate the 
particle measurements. The Excel equation, Equation 1, 
was used to calculate particle size for each simulated 
particle measurement, where CMD and GSD were the 
count median diameter and geometric standard deviation, 
respectively, of the simulated PSD.  

“=LogInv(rand(),Ln(CMD),Ln(GSD))” Equation 1

The CMD was calculated using Equation 2 derived 
elsewhere (1), below:

CMD = MMAD*EXP(-3*(LN(GSD))^2) Equation 2

The density of the particles was assumed to be 1.0 g/cc. 

Particle size distribution (PSD) measurements are key 
quality control tests for characterizing inhalers. Typically, 
cascade impactor (CI) testing is utilized for the 
characterization of the PSD of inhalation aerosols such as 
metered dose inhalers (MDIs) or dry powder inhalers 
(DPIs). Cascade impactor tests have a number of 
advantages: they characterize the entire aerosol, classify 
particles according to aerodynamic diameter, and they 
provide drug-specific analysis. However, CI tests are very 
labor intensive. Other techniques, such as laser diffraction, 
time-of-flight (TOF) aerosol spectroscopy, and microscopic 
analysis can be used to characterize the PSD. Each 
technique has advantages and disadvantages.  This 
evaluation focuses on the issue of sampling only a portion 
of the aerosol. In particular, the number of particle size 
measurements needed in order to obtain accurate particle 
size distribution (PSD) estimates was assessed using 
computer simulations. 

Using Equations 1 and 2, individual particle measurements 
were simulated. Once the desired number of particle 
measurements was obtained, DISTFIT software (Chimera 
Technologies, Inc.) was used to estimate the PSD from these 
simulated particle measurements. The number of particle 
measurements used to estimate the PSD ranged from 100 to 
10,000 particles. 

Simulated particle size distributions were generated as 
described previously. The aerosol was assumed to be from a 
perfectly lognormal distribution (MMAD = 2.5 μm, GSD = 1.6). 
Simulated size distributions were generated with varying 
numbers of particles (100 to 10,000) in the simulation. Twenty 
simulations were generated (i.e. twenty size distribution 
simulations were generated using 100 particles, twenty were 
generated using 200 particles, etc.). The calculated MMAD 
and GSD for each of the simulations are summarized in 
Figure 1 and 2, respectively.

Figure 1.  Estimated MMAD versus the number of particles 
randomly sampled from a theoretical size distribution with an 
MMAD of 2.5 μm and a GSD of 1.6.  The dashed line 
represents the nominal MMAD value.  There were twenty 
simulations per sample size.

Stephen Stein, 3M Drug Delivery Systems, 3M Center, Building 260-3A-05, St. Paul, MN 55144.

Accurate PSD estimates were obtained when at least 
2000 particles were sampled. The best results were 
obtained when at least 5000 particles were included. Very 
poor PSD estimates were obtained when less than 1000 
particle measurements were included. This may limit the 
precision with which some microscopic techniques are 
able to estimate PSDs. Other techniques that measure a 
portion of the aerosol can provide accurate and precise 
PSD estimates provided the sample sizes is at least 5000 
particles and is representative of the rest of the aerosol. 
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Figure 2.  Estimated GSD versus the number of particles 
randomly sampled from a theoretical size distribution with 
an MMAD of 2.5 μm and a GSD of 1.6.  
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When 10,000 particle measurements were used to 
estimate the PSD, the estimated MMAD and GSD were 
consistently very close to the target values of 2.5μm and 
1.6, respectively.  As fewer number of particles were 
used in the simulation, the estimated MMAD and GSD 
were more variable and deviated from the target values.

Table 1.  Summary of twenty simulated particle size 
distributions generated by randomly selecting a given 
number of particles from a theoretical particle size 
distribution with an MMAD of 2.5 μm and GSD of 1.6.
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0.02 +/- 0.011.60 +/- 0.022.50 +/- 0.04Calculated from 10,000 Particles

0.03 +/- 0.011.61 +/- 0.032.52 +/- 0.05Calculated from 5000 Particles

0.05 +/- 0.021.62 +/- 0.062.51 +/- 0.07Calculated from 2000 Particles

0.07 +/- 0.021.60 +/- 0.082.49 +/- 0.14Calculated from 1000 Particles

0.09 +/- 0.041.63 +/- 0.162.52 +/- 0.17Calculated from 500 Particles

0.14 +/- 0.041.64 +/- 0.162.64 +/- 0.22Calculated from 200 Particles

0.18 +/- 0.071.70 +/- 0.302.77 +/- 0.52Calculated from 100 Particles
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