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Generation of Aerosols: BARC Nebulizer and Others

PS. Soni, Ph.D. and B. Raghunath Ph.D.

Introduction

The concern with atmospheric pollution in recent times has focused attention
on aerosols, their distribution pattern after inhalation and the kinetics of their depo-
sition and exclusion from bronchial passages. The technique of radioaerosols for
lung imaging is of recent origin [1,2]. The procedure was proposed as a means
of estimating regional ventilation and localizing areas of airway narrowing. The
technique is an alternative in the face of non-availability of radioactive gases, espe-
cially in developing countries where the cost is the major factor due to economic
reasons. Now, it is beyond doubt that radioaerosol lung studies are a potentially
valuable tool in the evaluation of respiratory function in health and disease, espe-
cially to detect chronic obstructive pulmonary diseases [3,4]. Also, the administra-
tion of a drug by aerosol inhalation provides a convenient method for the treatment
of conditions affecting the respiratory system. This write-up will brief us about
radioaerosol, its generation and characterisation.

1. Aerosol

The atmospheric air is not homogeneous but a mixture of inert and physiologi-
cally active gases with suspended paniculate matter. This suspended particulate
matter is generally termed as aerosol(s). The particles may be solid, liquid (droplets)
or with a solid core and a fluid surface layer [5]. Gibbs [6] defines 'aerosol' as
a dispersed phase of either liquid as in a closed mist or spray; or solid as in a
dust or a luminous gas flames in air. Aerosol's dimensions can range from 0.01
to 100 um in diameter though the limit cannot be specified precisely.

1.1 Types of Aerosol

Aerosol generated from radioactive solution is called Radioaerosol. Aerosols are
further categorized on the basis of the variation in the particle size. Aerosols with
broad particle size distribution are known as Polydisperse aerosols. Naturally oc-
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curring aerosols are mostly polydisperse aerosols. Aerosols with narrow particles
size distribution are called Monodisperse aerosols. Generally, aerosols having size
distribution with geometric standard deviation (GSD; ag) of less than 1.22 or coeffi-
cient of variation 0.2 or less, are termed as Monodisperse Aerosols.

1.2 Aerosol and Their Importance

The aerosols are used in several fields, including epidemiology, respiratory medi-
cine, air purification technology and environmental biology. Some important
categories of aerosols are :

(i) Atmospheric dust/Pollutant aerosols, e.g. dirt, soil or rock debris and burning
of fire wood fuels or fossil fuels (coal, oil) in motor vehicles or industrial process-
es etc.

(ii) Airborne allergens, e.g. various plants pollens, animal hair, bird feathers,
nitro derivatives of various aromatic compounds.

(iii) Occupational dusts, e.g. anthracosis due to coal dust and pneumoconiosis
due to cement inhalation etc.

(iv) Cosmetic and home product aerosols, e.g. hair spray, perfumery etc. The
major health hazard in the products comes from the propellant generally fluorinat-
ed hydrocarbon which causes either cardiac arrythimas [7] or thesaurosis etc. [8].

(v) Therapeutic and diagnostic aerosols, The aerosols with the sizes that make
them respirable and inhalable can be classified as viable such as bacteria, fungi
or pollen, and non-viable such as cotton dust and silica arising out of industry.
These aerosols together with endless examples including cigarette smoke have diverse
aetiopathological effects on the human respiratory system and contribute to infec-
tions, occupational disease and obstructive airway disease. Besides these groups
of aetiologic aerosols there is another class of clinically significant artificially
produced aerosol which are pharmacological non- aetiologic aerosols. These aer-
osols are of two types — the Therapeutic and Diagnostic aerosols.

Therapeutic aerosols, are used to treat local disease such as relief of bronchospasm,
congestion, oedema, allergy and inflammation or to reduce the viscosity of tena-
cious mucus. Drugs may even be administered through the respiratory route for
systemic disease. The drugs used are administered as aerosols either in liquid or
in solid particulate form.

Another type of pharmacological aerosols are the diagnostic aerosols which are
relatively of recent origin. The diagnostic aerosols employ radioactive isotopes as
drugs labelled to inert particles of different substances. Aerosols generated from
radioactive solution are called Radioaerosols and can be natural or artificial. The
artificial radioaerosols can be used in lung imaging. These radioisotopes used can
be selected as per the spectrum of energy, type of radiation, half-life and dose.
The advantage of the technique is that it is non-invasive.
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1.3 Factors Influencing Aerosol Deposition and Retention

The deposition of aerosol in the pulmonary alveoli and airways depends upon
a number of variables. These variables are either aerosol parameters or lung func-
tion parameters. The various physical phenomena which affect retention and depo-
sition of aerosols in the lungs are [9,10,11] (a) Gravity (Sedimentation), (b) Brownian
Motion (Diffusion), (c) Inertial Impaction, (d) Electrical Charge, (e) Thermal
Phenomena, (f) Interruption, (g) Turbulence, (h) Humidity, (i) Miscellaneous -
Acoustic & Magnetic phenomena.

In brief, the factors which favour trapping of an aerosol particle (rather than its
passage upto the alveolus) are :

(i) Particle size —The most important aerosol variable that determines the depo-
sition is the particle size denoted by the aerodynamic size (Dar). The greater par-
ticle size or mass the greater the possibility of trapping by sedimentation and inertial
impaction, or interception for very large particles. Particle greater than 10 um do
not normally penetrate below the nasopharyngeal region. Sedimentation velocity
is proportional to square of Dar and brownian deposition is more significant be-
tween 0.002-0.1 um range.

(ii) Flow rates — Increasing respiratory rate increases turbulent air flow and
particle velocity, leading to a greater deposition by impaction and whereas decreasing
the respiratory rate increases the transit time and hence greater probability of depo-
sition through Brownian deposition. Momentarily breadth holding after each inha-
lation enhances the probability of aerosol deposition.

(iii) Turbulence — Turbulence, or non-laminar flow occurs when Reynolds'
number exceeds a certain critical value. When it is below a critical value the flow
is laminar, otherwise flow is turbulent. When airflow velocity increases, as in tachyp-
nea or respiratory distress, or when airway diameter reduces, as in Chronic Ob-
structive Lung Disease (COPD) or in inflammatory bronchioles diseases, airflow
become turbulent, and the probability of deposition increases.

(iv) Physico-chemical properties —A charged, dry and hygroscopic aerosol has
a greater chance of deposition.

(v) Position of the subject-during breathing — This can influence the relative
distribution of the aerosol within the lung because of the changes in ventilation
occur with variation in posture. In the erect position, the lung apices are better
aerated than the lung bases.
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2. Generation of Aerosols

Methods of Generating Aerosols

An important part of aerosol technology is to generate reproducibly stable aer-
osols of different sizes and of known characteristics. The small particles (fine aer-
osols) are more difficult to produce than coarse (large particles). Aerosol can be
generated by several methods and they are:

(i) Dispersion
(ii) Condensation
(iii) Dispersal of powders
(iv) Gas phased reaction & photolysis.

2.1 Dispersion Method (for Pblydisperse aerosols)

2.1.1 Atomizers (Nebulizer) :
A simple atomizer is a hand operated nebulizer shown in Fig. 1 and consists

of (1) a liquid reservoir and (2) a source that generate a high velocity air stream,
connected to reservoir by (3) a dip tube. Through a Venturi effect, the air flow
creates a low pressure at the dip tube orifice. Atmospheric pressure then forces
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the liquid up the tube, where it is stretched into a thin film by the force of incom-
ing air and broken into droplets. When the output of an atomizer opens into a small
trapping chamber from which only a fraction of the droplets escape, the device
is called nebulizer [12]. The principle of operation of atomizer (compressed air
nebulizer) is that the expansion of the compressed air jet, as it emerges near the
liquid inlet tube, creates a sufficient pressure drop to suck a flow of the solution
into the air stream. The filament of liquid so created is unstable and broken up
by the atomising action resulting from the difference in velocity between the liquid
and the surrounding air. The resultant droplets are spherical because of surface
tension.

2.1.2 Aerosol Generation with the BARC Nebulizer:
Though various atomizers, on the above principle, have been developed but most

of commercially available compressed air nebulizers (e.g. DeVilbiss No.40 glass
nebulizer) have limited utility because of large droplet size, low output and high
jet flow rates. There is clearly a need for a versatile and economical generator
which can produce dry aerosol particles suitable for clinical studies. In India, We
developed the BARC (acronym of Bhabha Atomic Research Centre) nebulizer which
works on compressed air and generates polydisperse aerosols.

2.1.2.1 Constructional Details of the "Dry Aerosol Delivery System":
Using BARC nebulizer, an aerosol generation/inhalation delivery system has been

designed and fabricated [13]. The generator was designed in such a way that the
generated aerosol droplets are dried up instaneously by an incoming jet dry air
from two hypodermic needles (flow rate = 3.1 1/min each). The aerosol delivery
system shall henceforth be referred as 'Dry Aerosol Delivery System'. Fig. 2 shows
complete schematic diagram of BARC delivery system. Main parts of the aerosol
delivery system are:

(i) the Nebulizer
(ii) Aerosol Chamber
(iii) Inhalation System
(iv) Water Manometer
(v) Compressed Air Pump
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2.1.2.2 BARC Nebulizer:
The BARC nebulizer has been made using sections of hypodermic needles. Con-

struction of a nebulizer is a job of high precision, particularly the fabrication of
a reproducible miniature orifice. To overcome the difficulty, sections of hypoder-
mic needles were used in BARC nebulizer. The constructional details of nebulizer
are given elsewhere [13,14] and here a short description will suffice. BARC nebulizer
(Fig.3) was fabricated using section of standard hypodermic needles of sizes 15,
17, 18 and 21 having internal diameters of 1.42 mm, 1.11 mm, 0.86 mm and 0.50
mm, respectively. These needles can be cut with a sharp edge tool or file. The
procedure is as follows:

COMP. AIR

BRAZED

HYPODERMIC NEEDLE Nos.

SCALE - 2 : 1 NEBULISER

Fig.3
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(i) Needle No.21 is cut to a length of 9.0 mm alongwith its head which couples
to a syringe (Fig.3, Part A).

(ii) 7 mm long sleeve cut from needle No. 18 is placed over
the 21 No. needle. There is sufficient tight fitting between these two sections that
need not be brazed or welded (Part B).

(iii) Part A is inserted in another 10 mm long sleeve cut from No. 15 needle (Part
C) and brazed at the coupling end of the No.21 needle. The intermediate sleeve
from No. 18 helps to hold the needle No. 15 in position and avoids wobbling.

(iv) A 0.1 cm diameter hole is drilled on the sleeve of No. 15 needle at the place
where the needle No.21 ends as shown in the figure. Open end of the needle No.15
(Part C) is the orifice of the nebulizer.

(v) Needle No. 18, without head (35 mm long) is bent to a right angle (Part E)
and inserted in this hole and the joint was brazed. Care should be taken to see
that the soldering material does not flow in, and block the holes. Free end of this
needle dips in the solution to be nebulized. In case the free end does not reach
the solution, a thin PVC sleeve can be attached. This needle is called the 'liquid
feed tube' (Part E).

(vi) A baffle is made from needle No.15 (Part D) and brazed at a point 1 cm
away from the jet air outlet. This is useful for further breaking of the primary droplets.
The BARC nebulizer has following advantages :

(i) Construction is simple;
(ii) Cost is very small and it is very versatile. Many combinations of needles

can be used to provide other characteristics;
(iii) It is made from stainless steel needles, the nebulizer assembly can with-

stand corrosive solution.

2.1.2.3 The Process of Nebulization
The Compressed air at high pressure (around 25 pSi) is passed through the nebuliz-

er having a small diameter orifice and when it emerges near the liquid inlet tube
(Part C), it expands more or less adiabatically in a roughly conical air stream and
causes drop in pressure at the orifice and hence vacuum is created at the Vena
Contracta (Vena Contracta is defined as the point in the air stream where the air
suddenly expands as it gets past a constriction) of the expanding jet (Bernoulli prin-
ciple) & the vacuum that is created, sucks the solution to be aerosolised from the
reservoir, through the liquid feed tube (Part E). This results in rise of liquid to
a point in the path of air stream, beyond which jet air breaks the thin sheet of
liquid into droplets of various sizes as mentioned earlier. These primary droplets
on impinging on the baffle are further split into fine droplets. The baffle narrows
the output particle size distribution since the large droplets that are deflected will
strike the reservoir wall, condense and then run back into the reservoir, where as
smaller droplets are swept out of the chamber to produce aerosols. The aerosol
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thus generated enters the aerosol chamber, a 28 litre aluminum chamber, to serve
as a hold up chamber for aerosols. The chamber is fitted with a manometer, a
vacuum relief valve and a duct leading to a 3 way inhalation-exhalation unit. One
outlet leads to the patient through a face mask piece and a second is the intake
line from aerosol chamber through a valve that prevents back flow into the cham-
ber. The third lead leads to a 75 litre plastic bag through a valve that permits flow
only into a bag. Care is taken to see that the bag is leak proof. Pressure in the
reservoir is monitored by a water manometer and undesirable negative pressure
is prevented by a relief valve that admits room air if the pressure falls below —5
mm of water. The 28 litres carboy minimizes pressure fluctuations during the respira-
tory cycle; pressure remaining between - 2 mm and - 5 mm water, thus discouraging
leakage of aerosol into the room.

2.1.24 Operation of the BARC Aerosol Generator and Inhalation Procedure
Saline is taken in the tapered test tube and fitted to the nebulizer holder. The

pump is operated for a short while for washing and checking the functioning of
the nebulizer. The test tube is taken out and saline is removed from the tube and
one ml of 15-20 mCi of radioactive solution is added into the nebulizer test tube
and fitted back to the nebulizer holder. The subject is asked to breathe the generat-
ed aerosol using the face mask with an inlet and outlet. Inhalation done via the
nose only and simulates normal breathing for a period of 5 min. As soon as the
pump is switched on, the inhalation mask is placed over the patient's nose. The
exhaled air is collected either on a assembly having HEPA filter or into a leak
proof bag which is discarded later on in a fumehood. Immediately after inhala-
tion, patient is asked to rinse his mouth in order to remove oral activity. The sub-
ject is given sips of water to eliminate interference from any esophageal deposition
which is washed down by the bolus of swallowed water. The subject is placed un-
der the gamma camera for lung scintigram. Initially, it was hoped that imaging
could performed after a single breath of a suitable aerosol but in practice the single
breath method was not suitable. In both human and animal studies continuous in-
halation for a period of 5 min or more is required to deposit sufficient amount
of radioactivity in the lung for lung scintigraphy. In our system a 5 min inhalation
provides a lung image of a good statistics. After the inhalation, the tapered test
tube is uncoupled and another tube is inserted containing 10% alcohol to clean
the nebulizer. It is necessary that the nebulizer should be cleaned after each inha-
lation procedure in order to prevent the blockage of hole. At the beginning of the
procedure, if the nebulizer starts bubbling air through the solution instead of suck-
ing the solution from the tapered tube, the hypodermic sections might have been
blocked. The nebulizer should then be cleaned by inserting wires of proper sizes.
The nebulizer should be fitted well to the adopters. All the connections and penetra-
tions should have proper gaskets to avoid leakage of radioaerosol.
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2.1.2.5 Characterisation of Compressed Air Nebulizer
There are number of parameters to characterised a compressed air nebulizer and

they are: (i) specific aerosol output i.e. microlitres of useful aerosol per litre of
compressed air, (ii) coefficient of contraction which relates the area of the orifice
to the area of the jet at vena contracta, (iii) particle size distribution and (iv) effi-
ciency of the aerosol delivery system using the nebulizer. All these parameters
mainly depend on the orifice diameter through which air passes. The particle size
distribution is a most important parameter and discussed below.

2.1.2.6 Particle Size Distribution
The size distribution is uniquely defined by two parameters — the median and

the geometric standard deviation. The median is again defined either by number
or by mass or by radioactivity. The aerodynamic diameter (Dae) of a particle is
defined as the diameter of a sphere of unit density that has the same terminal settling
velocity as the particle in question. If we say that the aerosols have the particle
size distribution of 1 /an AMAD (the activity median aerodynamic diameter) and
geometric standard deviation (GSD) of 2.0, we mean that (a) 50% of the radioac-
tivity is associated with particles of aerodynamic diameter of less than 1 fan and
(b) 84.13% of the radioactivity is associated with particles of aerodynamic diameter
of less than 2 pm.

Particle size and its distribution is an important aspect in the comparison of different
types of nebulizer because the size of the inhaled aerosol is a definite factor in
determining pulmonary distribution. The particle size distribution is either deter-
mined by Andersen Cascade Impactor or by various other methods (for detail please
see Appendix). Following are some of the characteristics of BARC nebulizer com-
pared with others commonly used compressed air nebulizers (p.34).

2.1.2.7 Efficiency of the System
The efficiency of a system is characterised by lung delivery efficiency and is de-

fined as the ratio of the activity deposited in the lung to the activity nebulized.
The lung delivery efficiency of BARC generator varies between 21.10% and 23.30%
with a mean of about 22.15% [19].

2.1.3 Ultrasonic Nebulizer
In an ultrasonic nebulizer [20] (Fig.4), the mechanical energy necessary to atomise

a liquid comes from a piezoelectric crystal vibrating under the influence of an al-
ternating electric field produced by an electronic high frequency oscillator. These
vibrations are transmitted through a coupling liquid to a nebulizer cup containing
the solution to be nebulised. The cup then vibrates at the same frequency, and capil-
lary waves are formed at the air-liquid interface and aerosols are carried away by
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a stream of air. As the intensity increases, a fountain of liquid appears at the centre
of the cup. The fountain is conical in shape and from its apex a jet of large droplets
is emitted periodically with the formation of a fog of very small droplets around
the lower part of a cylinder of liquid from which the fog is continuously emitted.

The mean size of the droplets in a fog produced at a given frequency is closely
related to the wavelength of the capillary waves formed on the surface of a liquid
at the same frequency.

The capillary wavelength 'X' on the surface of a liquid of surface tension V
and density 'p ' that is vibrated ultrasonically is given by [21],

X = (87TO-/PU2)"3,

where V is the frequency of the ultrasound.
Count median diameter of the droplets produced in this way is given by

D = 0.34 X

The proportionality between D and X has been found to hold good for frequen-
cies between 12 KHz and 3 MHz. Size distribution data for droplets produced by
three ultrasonic nebulizers used for inhalation therapy show good agreement with
the above equation as shown in the following Table [22]:

Operating Aerosol
Nebulizer Frequency Output MMD GSD

(KHz) (Ail/lit) Gun)

DeVilbiss 1350 150 6.9 1.6
Mist-O2-Gen 1400 66 6.5 1.4
Mead Johnson 800 149 9.0 1.7

The rate at which aerosols are produced by an ultrasonic nebulizer is indepen-
dent to the flow of air through it, so that concentration of useful aerosol leaving
the nebulizer varies inversely with flow-rate.

It should be noted that ultrasonic nebulizers give very large output of aerosols
but also have larger median droplet diameter compared to compressed air nebuliz-
er. For example, in one of the comparative study [19], earlier done by us, of ultra-
sonic nebulizer (DeVillbiss model 35A at speed 7) with the BARC aerosol delivery
system, indicates that the particle size (AMAD) was 1.02 & 0.84 um with GSD
1.52 & 1.75, respectively.

Ultrasonic nebulizers have been the most widely used for the generation of ther-
apeutically and diagnostically useful aerosols. The widespread use stems from the
fact that most aerosols used in medicine are liquids dispersed in air.
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2.1.4. Generators for Monodisperse Aerosols (Dispersion of Liquids)

2.1.4.1 Spinning Disc/Top Generators (Monodisperse Aerosols)
The liquid to be aerosolised is fed at a slow rate (through a hypodermic needle)

on the top of a disc or top which is spinning at very high speed. The two type
of generators are basically the same, the disc is rotated by a rotor where as the
top by compressed air. Droplets are formed and hurled off the edge of the disc/top
surface [23,24].

Uniform droplets are formed when a liquid is fed onto the centre of the disc
which is rotating at a constant rate. The liquid spreads over the disc surface in
a symmetrical thin film accumulating at the rim until centrifugal force acting to
discharge it exceeds the capillary force acting to hold the liquid together and a droplet
is thrown off. The centrifugal force is equal to the product of the mass of the li-
quid in the drop and the centrifugal acceleration at the rim; the capillary force
is proportional to the product of the surface tension of the liquid and the droplet
diameter:

D = (B/o>) (a/dp)"2

where D; Droplet diameter, d; disc diameter, ; p Liquid density,

a ; Surface Tension, co; angular velocity of the disc.

B is a constant that relates the droplet diameter to the length over which surface
tension acts at the instant the mass of liquid

Value of erg usually varies from 1.03 to 1.10. The primary droplets size are de-
pending upon disc speed and concentration of solution. Other variables such as
solution flow-rate, spacing and centering of hypodermic needle and primary and
satellite air flow rates affect the quality of the aerosol.

In nuclear medicine department, the spinning disc/top is mainly used to prepare
microsphere from human serum albumin for microembolisation scintigraphy.

2.1.4.2 Vibrating Orifice Generator (Monodisperse Aerosols)
In this generator, a source of liquid is agitated at a constant frequency using a

piezoelectric transducer. The stream of liquid issuing from the hole is thus broken
into droplets [25,26],

Long cylindrical jets of liquid are unstable to mechanical disturbances, so that
a moving jet formed when a liquid emanates under pressure from an orifice will
break up into discrete masses. In this generator, a liquid feed system forces the
liquid at a constant rate through membrane filters. This procedure assures that the
orifice of the droplet generator will not become clogged. The liquid is fed into
a stainless steel cup with a hole in the bottom and then sprayed through a disc
with the orifice. A ring-shaped piezoelectric ceramic attached to the cup imparts
a constant frequency vibration to the liquid jet whenever an A.C. voltage is applied.
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Because the feed system delivers the liquid at a constant rate, the jet breaks up
into uniform droplets at the frequency of the A.C. voltage. The stream of droplets
then encounters a turbulent air jet at the exit to the orifice and is dispersed into
a conical shape. Diameter of droplets and rate of production depends on the orifice
diameter and frequency of the ultrasonic vibrations. The geometric standard devi-
ation of the droplet size distribution is less than 1.01.

The advantage of this generator is that the particle size can be calculated directly
from the operating conditions by the following formula :

D = (6U/TTU)W

where 'u' is the volume flow-rate and V is the frequency.

2.2. Condensation Method

Monodisperse aerosols also can be generated by cooling of warm vapors in the
presence of foreign nuclei. Two commonly used generators based on this principle
are (a) Sinclair-LaMer generator [27]; (b) Rapaport-Weinstock generator [28].

2.2.1 Sinclair-LaMer Generator
Liquid droplets are generated in a narrow size range by the controlled condensa-

tion of organic vapour as a nuclei. Basic elements of the apparatus are : (i) Nuclei
Source; (ii) Boiler; (iii) Reheater; (iv) Cooling Chimney.

In this method, the boiler containing a quantity of the material to be aerosolised,
is maintained at a constant temperature in the range 100-200°C. The reheater is
maintained at a temperature exceeding that of the boiler by an amount sufficient
to ensure the complete vaporisation of all aerosol material entering it. The nuclei
are produced by an electric spark or by heating a wire coated with an inorganic
salt such as sodium chloride. A flow of clean air carries the nuclei into the boiler
where they are mixed with droplets and vapour produced by a second flow of clean
air that has bubbled through the boiler liquid. The droplets are vaporised in the
reheater and finally the vapour condenses on the nuclei in the cooling chimeney
at a relatively slow rate to produce the desired monodisperse aerosols.

2.2.2. Rapaport-Weinstock Generator
This generator utilizes a nebulizer to generate initially polydisperse aerosols, in

place of a heater as in the earlier case, which is subsequently evaporated by pass-
ing through a heating column. The aerosol vapour condenses on the residue nuclei
in the aerosol material in the cooling column and form monodisperse aerosols.
The substances used for generation of condensation aerosols are: (i) DOP (Dioctyl
Pthalate); (ii) Esters of Sebacic Acid; (iii) Stearic Acid; (iv) Menthol; (v) Rosin.
These type of generators are mainly used to produce test aerosols for instruments
calibration purpose.
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2.3 Dispersal/Pulverisation of Dry Powders

Polydisperse aerosols can be generated by either blowing dry air through a pow-
der as in the production of 99mTc-lactose aerosol by Taplin [29] or by mechanical
scraping of the packed powder and dispersal with compressed air but the concen-
tration and particle size distribution of the output aerosol can not be maintained
at constant levels. Commonly used generators for this purpose are (i) Wright dust
feed [30]; (ii) Fludised bed generator[31]. These type of generator are useful in
those studies which involves the inhalation of insoluble and toxic particles.

2.3.1 Wright Dust Feed Generator
In this device, the surface of a plug of compacted powder is abraded at a con-

trolled rate, by mechanical scraping and blown by a compressed air. The concen-
tration of the output aerosol can be controlled over a wide range by varying the
air flow rate. The Turbuhaler [32], a new multi-dose device is developed by Astra
Pharma Inc, is based on Wright dust feeder mechanism. The dose is dispensed
by scraping off a thin layer of powder through a twisting action of the Turbuhaler
barrel.

2.3.2 Fludised Bed Generator
This is basically a dust aerosol generator. The powder to be aerosolised is placed

in a holding chamber, where it is transported by a chain conveyor into the fludised
bed. The fludised bed consists of a 1.5 cm thick layer of 100 um brass beads in
a 5 cm chamber. These beads are supported by a 250 mesh nylon screen placed
above an air plenum. The fludised air flows from the plenum through the fludised
bed in which the powder is dispersed and carried away. Aerosols of silica, coal
potash, rock etc. can be generated for calibrating particle counters and mass monitor.

2 A Gas Phase Reactions

The technique is not widely applicable, but the production of polydisperse ferric
oxide aerosol has been reported [33,34].

24.1 Smoke Aerosol Generator
It is possible to produce ammonium chloride smoke by a simple portable smoke

generator [35]. This generator produces about 0.7 /mi mass mean median with 1.12
GSD. The principle is that when air bubbled through concentrated HCl passes over
liquor ammonia, dense white smoke of ammonium chloride is formed. Smoke is
ejected out by continuously compressed air blown in the generator. Generated par-
ticle are highly monodispersed. Other types of aerosols can be generated by using
different chemicals.
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Appendix

Determination of Particle Size Distribution

Particle size distribution is experimentally determined by separating aerosol par-
ticles according to their settling velocities under various forces. Depending in the
nature of the force used, these devices can be classified as follows :

(i) Inertial Separators
(ii) Gravity Settlers (not much used)
(iii) Aerosol Centrifuges
(iv) Microscopy.

(i) Inertial separators (impactors)
The impactor is mostly used to determine the particle size distribution of aer-

osols generated from radioactive solution. The first inertial aerosol sampler was
described by May [36]. This was a four stage impactor with rectangular orifices.
Since then several cascade impactors have been developed and are commercially
available. The latest is an eight-stage cascade impactor which has circular orifices
in each stage [37].

An aerosol sample is drawn through a series of successively smaller orifices
(either round holes of rectangular slit) and impinges, at each stage, on a collecting
surface which is placed perpendicular to the direction of flow, close to each exit
orifice (Fig. 5). The principle of the device is that, at each stage, the aerosol is
deflected through a right angle and larger particles are unable to negotiate this
turn and hence impact on the collector.

As each stage has decreasing order of orifice size, the impactor stages provide
progressively higher jet speeds so that the average size of particles collected at
each stage is successively smaller, and in the final stage, an efficient filter collects
all the smaller particles which successively pass through the impactor. By a suita-
ble choice of S (the operation distance between the jet and the impaction surface),
W (the width of the jet) and F (the flow rate), it is possible to collect the particles
having certain inertial parameter and above with 100% efficiency. The collected
particles are studied by colorimetry, weighing or radioactivity counting. The per-
centage cumulative activity above every stage was calculated and plotted against
the ECAD50 of the corresponding staging on a log-probability graph paper [12].



40 Generation of Aerosols

T

Y/////////////////////A

PRINCIPLE OF OPERATION OF IMPACTOR

AEROSOL

Aerosol
chamber

Filter paper

Anderson cascade
Impactor

Critical orifice

Suction pump

Fig. 5

The ECAD50 is the effective cut off aerodynamic diameter of a given stage and
is defined as the aerodynamic diameter at which 50% of the particle, all having
the same size, are retained on collection surface. The ECAD50 of the eight stage
impactor at a flow rate of 28.3 lit/min are : 11.4, 7.0, 4.7, 3.3, 2.2, 1.1, 0.65
and 0.43 um, respectively.

The data points can often be fitted well to a straight line, from which an AM AD
and GSD can be calculated. The diameter corresponding to 50% cumulative ac-
tivity is the AM AD of the aerosol. The ratio of the diameter corresponding to
50% to 15.87% (Dpi5.87) cumulative activities gives the GSD which is a meas-
ure of the scatter of the particle sizes around its median value (AMAD; Dp5o).

GSD = DP84.13

Dp50

DP50

Dpi5.87

DP84.13

DP15.87
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(ii) Gravity settlers
These instruments are so designed that the particles settled in air under the ac-

tion of earth's gravitational and get separated according to their aerodynamic di-
ameter centrifuges.

(iii) Centrifuges
The principle of separation in case of aerosol centrifuges is similar to that of

gravity settlers except the force of gravity is replaced by a centrifugal force. The
duct rotates at a constant angular velocity to provide the required centrifugal force
[38].

(iv) Microscopy
Microscopic examination of the particles collected on a filter paper provides

the physical diameter, often called projected area diameters because these are simply
the diameters of the circles that have the same area as the particles. Further,
knowledge of the shapes and densities are needed to evaluate AMAD [39], whereas
impactors provide directly the AMAD.
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