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Particle Size of lnhalstion Aecrosol Systems 1:
Production of Homogenous Dispersions

by Peter J. Davies,* Kirit K. Amin and Gillian A. Mott

® School of Pharmacy, Brighton Polytechnic, Moulsecoomb, Brighton 8N2 4CJ

The mathods used to size inhalation aerosols and the problems involved in producing
an homogenous clowd of aerosol particles are reviewed. Particle size analyses
were carried out using a Royco 225/508 particle size analyser. A number of
varisbles such as sensor head position have been examined under conditions of
constant temperatuce and humidity. It is showun that a dilution of the serosol
cloud into a large volume (360 1) gives a satisfactory number of particles in the
sample volume. The positioning of the sensor head is not crirical provided that
adequate air turbujence can be generated using sleeved sintered~bearing fans.

The air flow rate msust be controlled so that air passes over the sensor at not
more than 0.38 ®.8"'. The length of time required to produce a uniform distribution
is shown to be about 10 secs.

INTRODUCTION

The use of inbalation asrosol devices for the treatment of sume respiratory
diseases is now routine., Basic standards for maximum particle size and uniformity
of dose delivered vare introduced into the British Pharmscentical Codex 1973.

It is generally considered that one of the necessary requirements for an inhalation
aerosol is the limitation of the maximum size of particles in the cioud produced.
llovever, as suggested by Hatch & Cross (1974) it is not so much the physical size
of the particles which is important but their aerodynamic properties. They defined
the asrodynamic diameter as the diameter of a sphere of unit density having the
same settling velocity as the particle bging examined regardless of its shape or
density. This size is important because the particles have to psss into the
respiratory tract vhich is effectively a particle classifier (Landhal & Herman
(1948); Davies, C.N. (1972)). The respiratory cycle and the separation of particles
in the respiratory tract may influence the therapeutic efficacy of the product
(Task Group on Lung Dynamics 1966). This latter value is dependent on the size

of the particles in the spray and on their degree of flocculation. Therefure any
formulation process must include an assessment of the size range of the particles.

Additional studies are required to ensure that the same spray chsracteristics are
produced at each actuation of the device (Davies, C.N. et al (1972)).

There are many documented methods for sizing the aerosol cloud. They include
microscopic examination (B.P.C. 1973); sedimentation and sub t micre pic
assessment (Hallworth & Hamilton (1976)); inertial impaction (Bell, Brown &
Glasby (1973)); holographic techniques (Gross & Peter (1973)) and light scattering
(Dismick et al (1958)).
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The B.2.C. slide dJepusition method is nut entiraly satisfactory ia that the numi?er
of particles depusited on the slide s so great as to pravent adequate examinarion
of aay ore particle. Sedimentation methods suffer from the disadvantage of

taking excussively loug time periods and are subject to loss of fine particles
{Davies, P.J. et al (1978)),whilst impingement methods would appear to measure
aerodynamic properties rather than sisple muss or diamecer, che efficiency of
collection falls with decreasing particls size (Mercer (1962)) and the time
required for tocal asssssment can be proloaged.

At the present tiwe holography is a specialised technique and its applicatiun in.
prububly rostricted to specialist studies, but it does represent a most interesting
approach to study of inhalation aerosol particle clouds. Light scattering has
besn used by several groups of vorkars (Dimmick (1958), Ball (1976), Davies et al
(1978)) aud has the advantage of providing rapid counts of large numbers of
particles. Uowever difficultivs do arise in producing swfficiently dilute nun-
agycragatad suspensions. Also care must ba taken to account for the large aactural
background count dus to inharent particle contamination of the atmosphure.

Since light scattering msasures s functiou of projectad ares it seems reasonable
to assume Lhat it provides an approsch to ussessing the aerodynamic properties
uf puarticles. We have used this technique ia the present study to examine the
problems involved in size analysis of aerosol particles.

APPARATUS

Particle meassurement was carried vut using a Royco 225 Particle Size Analyser
(Royco lTustrusencs Iac., California, U.S.A. aund supplied by Celman-ilawksley Ltd.,
Nocthamptoa, Eagland). This unit vas ficted with a 508 size-selection module,
(which also allows for variuble sampling time), and a mudel 241 air-borne parcicle
sensor uaic. The counting unit counts particles grsuter than the selected size
sampled over 2 given period of tims. As the particles are drawn through the sensor
zone light falling oun them is scactered, the light scattsred forward in the ragion
7 - 17° is collectad «nd transmitted to a photodetector. The circuitry and
respoase of the inscrumant is checked by mmans of electrical referencs pulsas

and cslibructed by meuns of standard latex asrosol suspensioas.

The calibration curve is nac lineac and shows a discontinuity in the siza range

0.8 to 1.1 micromscars (Fig. 1). This could be due to a change in the lighc
scattering process as the size of tha pacticles increases. Thisx muy be incoavenienc
but dous not produce iansuperable difficulties.

All che szparimencs were carried out in a modified laminar flow cabinet (Mudel
2.5 86, Hepuirs (U.K.) Ltd.). A perspex shuvt was usad to ssal tha froac of the
upit to pravent ingruss of particles from the air (Fig. 2 aand 2a).

Sumple Jdistribucions within the umit was obtained by use of two sleeved sincered
bearing faans (Etri Distribucion Faus, Model Mas. 125.R0180 and 126.LFO160,
Nuuilly-Sue=Saine, Prance).

The matsrisis used were commarcially available inhalation aerosols.

EXPERIMENTAL AND DISCUSSION

The cubinet volums is important in thac sufficient dilution sust be obtainud to
pravunt saruratioa of the slectronic counters. This difficulty in the use of
light scactering vas notad by Davies, P.J. er al (1978) who had ditficulty in

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

PARTICLE SIZE OF INHALATION AEROSOL SYSTEMS. 1 647

volts
10.0
74

1-0

0.$

0.1
0.07

0.0§
003

a.92

a0l

LI D B R AR R R L rllillllfi! LI 2 A a2
ol 02 0.3 0S5 Lo 20 0 S0 70 {0 20 30
Particle Diameter (micrometers)

Fig. 1 ~ Calibration Curve ~ Royco 225 System
with Model 241 Sensor

counting when the chamber volume was 160 litrea. This problem has becn ealiminsted
in the present study by use of a chamber having a volume of 361.6 litres.

The cabinet sir circulator vas operated until less than 1000 particles greater
than 0.5 pm vere recorded in a one minute sample. The air circulatur was then

‘switched off and the discribution fans switched on. These produce no measurable

increase in the particle count.

The aerosol was actuated into cthe unic via a port in the front plate and sampled
ac 0.1 ctm for one minute with 8 X0 counter sensitivity. Ar the eund of the
experiment the unit wvas clesred of particles before proceeding to the next
measuresent by means of the cabinet 3ir circulator as indicated above. All
experiments were carried out st 30° t 2° and relative humidity of 402 Rt (:52).
Care has to be taken in positioning the sensoc in order to get balanced sampling.
The air flow rate over the sampling part should aot exceed 0.58 m.s™' (Royco
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Inscruments Manual). This enabies effective sampling of all particles of 10 um
and less. At no time did we detect particles greater than 8 1m although it is

poniblc thlt some did exist. The average flow rate over the sampling port vas
0.25 m.s (2201) measured by mesns of a Davimeter (Airflowv Developments Ltd.,

England).

The start of sawpling time slvays creates sowe difficulties. It is essential not
oanly to ensure a uniform distribution of the particles but also to sample before
significant changes due to either settling out or possible agglomeration of the
system. Data shown in Table 1 indicates that a uniform mix is obtained in about
10 seconds from the time of sctuation.

If an homogenous distribution was produced within the mixing period, random
placing of the sensor should enable similar results to be obtained. Tests vere
carried out in ten positions at two levels within the cabinet. Variations of
less than $10Z were regarded as acceptable (Table 2).

Table 1. Effect of Time Mixing Before Ssmpling on the Size Disctribution

Mesn Number of Particles Greater than

Time Stated Size (micromsters) for 20 Repeats

® 0.5 0.7 1.5 3.0 5.0 )

(4] 22939 14830 7350 628 27

5 25414 16705 8168 557 19

10 21399 13936 6734 501 18

15 21412 13767 6586 459 15

20 19473 12317 5794 379 12

30 17485 11302 5516 431 14

Percent Coefficient of Variance Mean
0o 8.8 8.1 8.9 17.0 66 21.8
- 9.8 13.9 18.4 32.9 52 25.6
10 4,2 3.9 3.9 3.6 13 5.7
15 4.6 3.6 4.2 14.0 29 1.1
20 4,7 4.5 4.8 8.7 52 14.9
30 9.0 9.1 7.9 7.1 32 13.0
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Tabla 2. Efficiency of Distribuction of Particles After a 10 second Mixing Period

Hean Number of Particles Greater than

Sansor Stated Siza (micromecers) for 20 Repeacs
Fosicions 0.5 0.7 1.5 3.0 5.0
Level 1 A 20288 16941 5852 384 11
B 20550 12319 5382 340 8
.C 17732 9155 4846 256 [
0 19217 11403 5076 345 8
E 19534 10399 5558 349 9
Level 2 F 18875 9651 5044 268 6
G 18619 9678 5087 222 ?
H 19192 10195 5521 344 9
1 17297 8699 4563 234 7
J 16447 8627 4636 273 14
Muan No, 18775 10107 5157 307 7.5
Variacioa t2 10 i8 13 25 47
Standard £rror 389 158 125 97 2.4

of Haun
CONCLUS [ON

The use of a light scactering usit for measuring particle size would appear to
offer great applicabilicy to inbalation aerosol systems. Care must be exarcised

to minimise coincidencs of counts or potesatial agglomeration of particles. This
lattar paramuter is apparencly influenced by humidity of cthe sysces (Byrom (1977)).
The choice of operational volums for light scattectiag studies aust allow for
adaquate space to prevent particles being carried forward and impinging on the walls
of the uait. Volume und mixing rate must also be carefully concrolled. Light
scattering produces & projectad area measuresant, which may be regaxded

as a useful werodynumic msasure but it may be sary to rt data to octhar
distribution formacs.
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