










 

1. INTRODUCTION 

Assessment and characterization of particulate radioactivity at workplaces 

of nuclear facilities is an important aspect of the radiological safety programmes of 

DAE. Also, increasing awareness of the effect of air pollution on human health has 

led to several programmes in the country aimed at assessing the air quality in the 

urban and industrial environments. Broadly speaking, these programmes pertain 

to the assessment of inhalation hazard due to toxic materials (radioactive or 

chemical) in the form of aerosols, arising primarily due to particle deposition in the 

various compartments of the lung (ICRP-66, 1993). For a quantitative assessment 

of these hazards, information on particle size distribution is of considerable 

importance. While the definition of particle size is interlinked with the deposition 

mechanism under consideration, the most relevant measure of size is provided by 

the concept of  “aerodynamic diameter” of the particles specially in the context of 

lung deposition.  

The aerodynamic diameters are most commonly estimated using 

instruments known as impactors, which work on the principle of inertial 

segregation of particles from a moving air stream. The basic component of these 

instruments is an “orifice-plate” system in which the particle-laden air passes 

through a narrow orifice and is forced to take a 90ο turn around the impaction 

plate.  Particles having inertia (or aerodynamic diameter) above a certain cut-off 

value tend to proceed straight towards the collection plate placed below the orifice 

and get deposited on it, while those with lower inertia remain in the air stream 



which negotiates the collection plate. Upon cascading several stages of such 

orifice-plate systems, the orifices having progressively decreasing cut-off 

diameters, one can obtain deposits of particles on the collection plates with 

specified size intervals. These deposits may be subjected to further analysis by 

radioactive counting methods, gravimetric or a host of analytical techniques 

depending upon the type of distribution to be determined namely, radioactivity, 

mass or the chemical composition of the aerosols under study. From the obtained 

discrete data, continuous size distributions may be generated through appropriate 

fitting algorithms, which in conjunction with various lung deposition models, may 

be used for evaluating the inhalation hazard to humans associated with toxic 

aerosols.  

Several versions of cascade impactors are commercially available for 

obtaining the aerosol particle size distributions. From among these, the Andersen 

Impactor, manufactured by Graseby Andersen Inc., is widely used all over the 

world. There are two types of Andersen Impactors, viz. the 8-stage (having 

effective cut-off aerodynamic diameters ranging from 0.4 to 10 µm and the 14-

stage impactor (0.08 to 35 µm). The former is operated at a flow rate of 28.3 lpm 

and has very little pressure drop across the inlet and exit ends of the system. 

Because of its higher flow rate, this impactor finds most common application in 

workplace and environmental studies since large quantity of the sample may be 

collected at shorter sampling durations. It is however restricted to studies involving 

larger (>0.4 µm) particles which is generally the case at workplaces. In contrast, 

the 14-stage impactor is operated at a flow rate of 3 lpm and its lower 6 stages 



operate at a pressure considerably lower than the atmospheric pressure. In view 

of this, it is often referred to as low-pressure impactor.  This is often employed in 

specific studies where sub-micron size distributions are required such as in the 

case of radon progeny.  

Although Andersen impactors are widely tested and are considered 

standard instruments in aerosol studies, they are somewhat expensive (Rs. 4 to 7 

lakhs in foreign exchange). As a result, their use in DAE as well as in other Indian 

institutions have been rather limited. Development of indigenous impactors at 

affordable costs would provide considerable help in the radiological programmes 

of DAE and more generally, it will encourage several national laboratories and 

universities to carry out more detailed air pollution studies. Also, indigenous know- 

how on the development of these units will facilitate the development of custom-

made impactors to meet specific needs. Keeping this requirement in mind, an 

attempt has been made for developing a prototype seven-stage cascade impactor. 

In this report, we refer to the indigenous impactor as BARC Aerodynamic Size 

Separator (BASS). The detailed description about the design and fabrication of the 

instrument and its performance evaluation is presented in this report.  

 

 

 

 

 

 



 

2. IMPACTOR THEORY 

The theory of particle capture by impaction and its application to the 

development of inertial impactors has been known for a long time and is well 

treated in standard textbooks (Hinds, 1982). Basically, it rests on the analysis of 

curvilinear motion of particles having considerable inertia in a moving air stream. 

When an air stream bends near a surface, the particles continue to move along a 

straight line for a certain distance towards the surface, thus deviating from the 

stream (Fig.1). When their inertia is large, they will travel considerable distances 

along the original direction and get captured by the surface. This distance is a 

function of stream velocity and the "aerodynamic diameter" of the particles. 

Aerodynamic diameter accounts for the effect of the density of the particles on 

their motion and is defined as the diameter of a unit density spherical particle 

(1g/cm3) having the same gravitational settling velocity as the particle in question.   

In an impactor, the particle-laden air emerging from an orifice strikes on a 

collection surface and is forced to take a 90ο turn around it. As shown in Fig.1, 

particles having their aerodynamic diameters above a certain critical value 

(Effective Cut-off Aerodynamic Diameter, ECAD) tend to proceed straight towards 

the impaction plate (collection plate) and get deposited on it, whereas particles 

with lower inertia will remain in the air stream. Thus a given impaction 

configuration separates the aerosols into 2 specific groups; the deposited particles 

of aerodynamic diameters larger than the ECAD and the airborne particles of 

aerodynamic diameters lower than the ECAD.  



 

 

Fig. 1 – Schematic of impactor stage 

 

A cascade impactor is a device that uses a series of several impaction 

stages with progressively decreasing cut-off diameters so that as the air stream 

passes through these stages, smaller and smaller particles are deposited on them. 

Each stage will consist of deposits of particles whose aerodynamic diameters lie in 

specified intervals characteristic of that stage. The lowering of the cut-off 

diameters of successive stages of a cascade impactor is accomplished mainly by 

increasing the flow velocity through the nozzles drilled on them. This, in turn, is 

achieved by judiciously decreasing either the nozzle diameter or the number of 

nozzles or by a combination of both. Jet velocities cannot, of course, be increased 



indefinitely as it would give rise to large-pressure differentials and large Reynolds 

numbers leading to complicated flow characteristics. This provides a basic 

restriction on the design of impactors operating at normal pressures, for collecting 

very small sub-micron particles.   

  Ideally, an impactor stage should collect all the particles above its stated 

cut-off diameter with 100% efficiency and none below that diameter. However, in 

practice, the stage collection efficiencies are not so sharp but display an S-shaped 

variation with size. As a result, a given stage is likely to have a spillover deposition 

from particles, both larger and smaller than those corresponding to the designed 

cut-off diameter. The cut-off sizes are then interpreted as the Effective cut-off 

aerodynamic diameter at 50% collection efficiency (ECAD50) representing the 

diameter for which the collection efficiency is 0.5. Depending upon its steepness, 

the collection efficiency rapidly tends to zero for particles below ECAD50 and rises 

to unity for particles above ECAD50. The collection efficiency curve of most 

impactors is quite steep so that in most practical interpretations of the data, it is 

assumed to be nearly a step function at ECAD50. However, it may be added that 

detailed shape of the collection efficiency curve is of interest in certain special 

applications requiring smoothed size distributions to be obtained from impactor 

data.  

In order to compute ECAD50 for a given stage, let us assume that the 

particle laden air stream having velocity U flowing through a nozzle of width W 

impinges on a collection plate maintained at a distance, say, S, from the nozzle.  



Ideally, particles of a given diameter dp will be collected if their stopping distance 

(ds) is greater than S where ds is given by 

 ds = (1/18 η) U ρp dp
2                  (1) 

  However, due to finite extension of the nozzle and divergence of air stream as it 

emerges from the nozzle, there will be a certain deviation from this ideal 

behaviour. Elaborate particle and fluid dynamic calculations have been made in 

the literature (Ranz, 1952) to estimate the effects of these parameters on the 

particle flow profiles in order to arrive at an optimal design. It is found that when 

S/W<0.5 (W being nozzle diameter), the collection efficiencies of the round jet 

impactors are relatively insensitive to S and it may be expressed uniquely as a 

function of a dimensionless parameter, known as the Stoke's number (Stk).  Stk is 

defined as the ratio of the stopping distance to the radius of the circular nozzle, i.e.   
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Where 

ρ

η

p = particle density (g/cm3) 

Cc = Cunningham slip correction factor 

U = average air velocity (m/s) at the nozzle exit [4Q/ πW2]         

W = nozzle diameter (m) 

Q = volumetric flow rate through the nozzle (m3/min) 

dp = particle diameter (µm)   

  = air viscosity (poise) 



There exists a characteristic value of Stk at which the collection efficiency is 50%. 

We denote this value by (Stk50). Based on a large body of theoretical and 

experimental studies (Lundgren, 1976), Stk50 is generally taken as 0.26 for round 

jet impactors. With this, we have from Eq.(2),  
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ECAD50 may be estimated from Eq.(3) for a given set of impactor parameters.   

Choice of a proper set of the effective cut-off diameters for the different stages 

forms the crucial component in the design of the instrument. In the next section, 

we discuss in detail these and other aspects connected with the design of the 

indigenous impactor.  

 

 

 

 

 

 

 

 

 

 

 

                                       



 

3. DESIGN CONSIDERATIONS 

There are several practical considerations in designing an impactor. First of 

all, the instrument should be robust, portable and relatively inexpensive. Technical 

considerations pertain to the requirements of flow rate, the smallest and largest 

particle sizes to be analyzed and the feasibility of drilling small, yet uniform 

nozzles on metal plates. In many field applications where the deposited masses 

are to be analyzed gravimetrically, high flow rates are preferred for obtaining 

weighable deposits in a short sampling time. On the other hand, if the deposits are 

analyzed by sensitive chemical methods or by radioactivity counting methods, one 

may be content to use smaller flow rates.  

The present impactor (BASS) has been designed for a flow rate of 45 lpm, 

which is higher than that of the Andersen impactor (28.3 lpm) and is capable of 

meeting a wide range of requirements for estimating radioactivity and other size 

distributions in the workplaces and in the environment. A broad consideration is 

that the Mach number at the jet should be less than about 0.18 so that the 

incompressibility assumption remains valid (Mercer, 1964). Similarly, the total 

pressure drop should not exceed about 5% of the atmospheric pressure for the 

validity of the theory and also for sustaining the flow with pumps of moderate 

capacity. Further, the Jet Reynolds' numbers (Rej) should lie between 500-3000 in 

order to keep a moderate extension of the viscous boundary layer in the jet. 

(BASS has Rej values lying between 500-1600). As the jet velocity increases, the 

drag force on the particle also increases as it attempts to leave the turning air 



stream to impact. As the drag force reaches significantly high levels, particles no 

longer behave in a manner predictable by stokes’ law or, consequently, by 

impactor theory. The drag forces are related to the particle Reynolds’ number 

(Rep), and for Stokesian behavior, Rep should be below a value of about 3 (Lapple, 

1940). In the present impactor, the value of Rep lies between 1 and 2, thereby 

ensuring the validity of Stokes’ law. The constraint equations relating the flow rate 

f, the jet Reynolds number Rej, effective cut-off diameter ECAD50 and the jet 

velocity U, to the nozzle width W and the number of nozzles (n) on the plate are 

given by: 
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where C1, C2 and C3 are constants.  From Eqs. (3),(4) & (5), the three unknowns 

namely, W, U and n may be computed for a specified set of Rej, ECAD50  and f. The 

set of parameters thus obtained for each stage is given in Tables -1&2.  The 

lowest ECAD50 selected was 0.53 µm, which is a little larger than that of the 

standard Andersen Impactor. Other design parameters such as S, throat length (T) 

etc. were similar to those discussed in Marple et al. (1976). The actual dimensions 

employed for the length of the jet, thickness and the diameter of the plates etc. are 

also presented in Table-1.  

 

 



Specifications for the BARC Aerodynamic Size Separator  (BASS) 

 Flow rate     :  45 lpm 

 Number of stages   :  seven + Back-up filter stage 

 Thickness of impaction disc  :  1 mm 

 Diameter of impaction disc tray :  82 mm 

 

Table-1: Computed Design parameters of BASS 

Stage 

No. 

Calculated 

ECAD50 (µm) 

No. of orifices  

(jets), N 

Diameter of orifices 

D (mm) 

T/D S/D 

1 10.00 30 4.20 1.07 0.95 

2 7.70 40 3.20 1.09 1.85 

3 5.50 60 2.25 1.33 2.33 

4 3.50 80 1.50 1.66 3.00 

5 2.50 90 1.15 1.30 3.69 

6 0.98 100 0.60 1.66 6.20 

7 0.53 100 0.40 1.75 4.60 

           

Table – 2: Computed flow parameters of the BASS 

Stage 

No. 

Stokes No. 

Stk 

Jet Velocity  

U (cm/sec) 

Jet Reynolds 

No.  Rej 

Particle Reynolds 

No. Rep 

1 0.26296 179.3 503 1.2 

2 0.26296 257.6 522 1.2 

3 0.26296 333.5 486 1.2 

4 0.26296 523.0 526 1.2 

5 0.2633 761.0 598 1.3 

6 0.2598 2369.4 1001 1.7 

7 0.257 5769.0 1561 2.1 

 



 

4. FABRICATION DETAILS 

Based on the parameters presented in Tables 1&2, a seven-stage cascade 

impactor was fabricated to operate at 45 lpm and classify the aerosols into eight-

size fractions. The diagram of the instrument is shown in Fig.2. Unimpacted 

particles (<0.53 µm) from the seventh stage are collected on a back-up filter paper. 

The filter paper chosen is the low resistance, glass fiber type with an efficiency 

exceeding 99.97 % for particle collection.  It is mounted on a filter head to collect 

the down stream aerosols emerging from the seventh stage.  

Aluminum, chosen as the impactor material, was polished to make the 

surface smooth. Orifices of the nozzles on each stage were precision-drilled using 

standard drills at the workshop of Technical Physics and Prototype Engineering 

Division, BARC, in order to maintain uniformity in the impaction characteristics of 

all the round jets of each stage. Inlet of the jet is tapered to minimize the formation 

of vena contracta. Throat length of each jet is long enough so that the particle 

attains the velocity of air stream. At the bottom of each stage a stud is provided to 

ensure a well-defined distance between nozzle outlet and impaction plate. Second 

stage onwards, a step is cut at the top of each stage, along its periphery, for 

mounting the tray of the impaction disc. Impaction disc rests on a 1mm deep 

recess cut in the tray. Around the disc, a major portion of the tray in between the 

discs and step is cut and removed for free flow of air stream to the next stage. 

Configuration of the stages is such that they can be assembled one over another. 

Three threaded rods are provided at the bottom plate, which run along the stages 



vertically and out from the three holes in the top cover fitted at the first stage. Wing 

nuts are tightened on these rods to ensure that the stages are held in position. 

Neoprene gaskets are used to air seal the stages. An important modification with 

this impactor assembly is that it can be operated with lesser number of stages.  In 

fact for calibration purposes, it may be operated with any just one stage as well. 

 

 

Fig-2: Diagram of BARC Aerodynamic Size Separator (BASS) 



 

5. PERFORMANCE EVALUATION 

Before being used for field studies, the impactor needs to be calibrated and 

evaluated for its performance in comparison to the standard Andersen impactor. A 

series of experiments were undertaken for this purpose.  

The most accurate method of evaluating the performance of the impactor 

involves the generation of the response function curves for each of the stages 

using mono-disperse particles at different flow rates and then examining its 

integral response to a polydisperse aerosol of known size distribution (Vaughan, 

1989). Generation of the response curves includes obtaining the ECAD50 as well 

as the steepness parameter. The former necessitates the use of monodisperse 

particles across a wide range of sizes not always available. Hence alternative 

techniques using polydisperse aerosols were evolved for obtaining the cut-off 

diameters of each stage. The steepness parameter is not very much essential in 

most  practical situations and has not been evaluated at this stage. However, in 

view of the fact that the impactor can be mounted with just one stage, the new 

technique can, in principle, be used to obtain the steepness parameter as well.  

The tests performed in order to assess the performance of the BASS are detailed 

in the following sections. 

 

5.1 LEAK TESTING OF THE IMPACTOR    

The instrument was tested for air leaks from the gaskets of the different 

stages by comparing the flow rates at the inlet and the outlet ends by varying the 



flow rate up to 100 lpm.  The flow rates measured at both the ends were the same 

to a very good accuracy thereby assuring leak tightness and the adequacy of the 

gaskets as well as the tightening arrangements. Also, the total pressure drop at 

the end of the seventh stage was measured to be about 2 cm (Hg) at 45 lpm, 

which is less than 5% of the atmospheric pressure as required for the validity of 

the design.  

 

5.2 COMPARATIVE PERFORMANCE STUDIES 

The integral performance of BASS unit is evaluated by comparing the mass 

distribution of aerosols obtained with this unit with that obtained using the standard 

Mark-II impactor. For this, two types of test aerosols were used:  

(i) large sized aerosols of Magnesium Fluoride (MgF2) contaminated with 

Uranium, which are generated during uranium slag treatment and  

(ii) sodium chloride aerosols generated in the laboratory from a compressed 

air nebulizer.  

 

In all these experiments, the impactor stages were loaded with glass fiber filter 

paper (because of its good retentive properties) as substrates for collecting the 

particles. The details of these experiments are outlined below. 

 

5.2.1 Studies with MgF2 aerosols  

To evaluate the performance of the impactor with particles of larger sizes, field 

measurements were made using aerosols present in the rooms housing jaw 



crusher and roll crusher of the Uranium Slag Treatment Facility (USTF). The 

aerosols in this environment generally consist of Magnesium Fluoride (MgF2) 

formed during the crushing and grinding of the MgF2 slag which contains 3% 

Natural Uranium. Measurements were carried out by keeping the indigenous and 

Andersen Mark–II cascade impactors near to each other, and sampling the air 

simultaneously with the two impactors at their respective flow rates for a period of 

30 min. At the end of sampling, the impactors were disassembled, and samples 

were counted for alpha activity using ZnS(Ag) scintillation detector. The counting 

was carried out after sufficient delay time in order to allow complete decay of the 

short-lived decay products of radon.  The counts obtained on each stage were 

fitted to a lognormal distribution. From this, the distribution parameters, namely, 

the Activity Median Aerodynamic Diameter (AMAD) and the Geometric Standard 

Deviation (σg) were evaluated. Several experiments were carried out and the 

results are given in Table-3.   

     

Table – 3:  Performance evaluation of BASS using radioactive aerosols 

         BASS Andersen Mark-II Impactor Sr No. 

AMAD (µm) σg AMAD (µm) σg 

% Variation 

1 8.5 2.2 9.2 2.1 - 7.6 

2 7.6 2.0 8.0 2.0 - 5.0 

3 7.8 2.0 7.4 1.8 + 5.4 

4 7.2 2.2 7.4 2.0 - 2.0 

 

 



As may be seen from the table, the AMADs as well as the σgs estimated using 

BASS agree closely with those obtained with the Andersen impactor. This assures 

that BASS can be reliably used for radioactivity size distribution measurements. 

 

5.2.2 Studies with sodium chloride aerosols 

 Although the above performance evaluation was encouraging, it is not sufficient 

since it was restricted to large radioactive particles and did not include gravimetric 

or chemical estimation of deposited masses. Hence, several experiments were 

performed with polydisperse, sodium chloride aerosols generated using nebulizers 

in which particle size distributions could be varied by varying the nebulising 

solution concentrations.  BARC made nebulizers described by Kotrappa et al. 

(1976) were used in all the experiments. Solutions of different concentrations 

varying from 2.5-20 % were filled in the nebulizer (A) and compressed filtered air 

was passed at a rate of 10 lpm. Aerosols thus generated were fed to a 20 l mixing 

chamber having arrangements for drying, sampling, and venting out the aerosols. 

Drying of the aerosols was carried out by passing Nitrogen from commercially 

available nitrogen cylinders into the mixing chamber at a flow rate of 4 lpm.  

The block diagram of the experimental arrangement is shown in Fig.4a. 

Samples were taken from the mixing chamber simultaneously with the indigenous 

and the standard impactor for the same aerosols. Dessicated and pre-weighed 

filter substrates were used to collect the deposited NaCl aerosols. After sampling, 

the filter substrates having deposited materials were weighed using a 

microbalance after drying them for 24 hours in a dessicator. The mass 



concentrations on each stage were estimated by evaluating the difference in the 

pre- and post- weights of the filter paper substrate. From this, lognormal graphs 

were plotted to obtain the parameters of the size distribution viz., MMAD (Mass 

Median Aerodynamic Diameter) and σg (Geometric Standard Deviation). These 

values obtained for the two impactors were compared. Similar experiments with 

varying concentration of nebulizing solution in order to get different size 

distribution parameters, were carried out with a similar nebulizer (B). The results 

obtained with the two nebulizers A & B are given below in Tables 4(a & b).  Once 

again, we notice that the overall agreement between the values obtained for the 

two impactors was quite good (within 8%). 
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Fig-4a: Block Diagram of Performance Comparison Set-up 

 

 



Table–4a: Size distribution parameters obtained for different concentrations 

of NaCl solution using Nebuliser-A 

BASS Andersen Mark-II impactor Sr. 

No. 

Concn. of 

solution  (%)  
MMAD (µm) σg MMAD (µm) σg 

1. 

2. 

3. 

4. 

2.5 

5.0 

10.0 

20.0 

0.80 

1.04 

1.23 

1.60 

2.56 

3.0 

2.42 

2.34 

1.06 

1.16 

1.31 

1.66 

2.10 

2.41 

2.22 

2.20 

 
Table–4b: Size distribution parameters obtained for different concentrations 

of NaCl solution using Nebuliser-B 

 

BASS Andersen Mark-II impactor Sr. 

No. 

Concn. of 

solution (%) MMAD (µm)        σg MMAD (µm)      σg 

1. 

2. 

3. 

4. 

2.5 

5.0 

10.0 

20.0 

1.31 

1.71 

1.97 

2.20 

2.75 

3.0 

2.92 

2.94 

1.35 

1.61 

1.82 

2.14 

2.35 

2.22 

2.40 

2.62 

 

5.3 CONCENTRATION DEPENDENCE OF MMAD: IN RELATION TO 1/3rd LAW 

  It is well known that for a given nebulizer with a well-defined droplet 

distribution, the sizes of the dry particles should increase with the solution 

concentration in the following manner (Mercer, 1973). 
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where C is the concentration of NaCl in water (g/ml) 

ρs is the density of NaCl (2 g/ml) 

dp is the dry particle diameter 

dw is the droplet diameter generated by the nebulizer. 

 Upon taking logarithm on both sides, we get 

log (dp) = (1/3) log(C) –(1/3) log(ρs)+ log(dw)                 (8) 

The above equation can be used to determine the droplet diameter and the 

exponent for the concentration for a given set of experimental values of 

concentration C vs. the dry particle diameter dp. Following this prescription, data 

on Concentration Vs. the MMAD obtained (Table 4 a&b) with nebulizers A and B 

for BASS were plotted on a log-log scale and fitted to a straight line (Fig. 5). The 

slope and the intercept were compared with Eq.8 to estimate the droplet diameter 

dw. The average exponent estimated from the data for both the nebulizers is 0.28, 

which is close to 1/3. Thus, BARC made impactor (BASS) shows a satisfactory 

performance with regard to concentration dependence studies.  

  



2 3 4 5 6 7 8 9 10 20
0.7

0.8

0.9

1

2

3

MMAD (µm)= 0.039 + 0.243 Conc  :for nebuliser B

MMAD (µm)= - 0.222 + 0.324 Conc for nebuliser A

M
M

AD
 µ

m

Concentration(%)

 

Fig-5: Dependence of Size Distribution parameters on solute concentration  
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5.4 ESTIMATION OF STAGE CUT–OFF DIAMETERS  

As mentioned earlier, the standard method of determining the ECAD of a 

given stage involves generating the collection efficiency curve using monodisperse 

aerosols of varying sizes. However, it may not always be possible to get test 

particles of various sizes in the required size range (0.5 µm to 10 µm). To 

overcome this constraint, a new approach using polydisperse NaCl aerosols was 

followed in this study for determining the ECAD50 values.  

Given the distribution parameters, MMAD and σg, as evaluated by the 

standard Andersen impactor, at a known concentration of the NaCl solution (20%) 

we can interpret the fractional deposited masses in the various stages of the new 

impactor with the respective ECADs to be determined as follows. 



Let M be the total mass collected by the new impactor in all the stages including 

the filter paper. i.e.,  
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Where mi denotes the mass collected on the ith stage and n denotes the total 

number of stages (i=n corresponds to the Back-up filter). The fractional cumulative 

mass Mk collected on all the stages lying above and inclusive of kth stage is 
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Note that  Mn=1. 

Since it is well-known that the nebulizer-generated aerosols follow lognormal 

distributions, the fractional mass present in a given range d and d+δd is given by 
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where         

s = ln (σg) 

Assuming a step response, let the ECAD for the kth stage be denoted by ECADk. 

Then all particles above the size ECADk will be collected in the stages between i=1 

to k. This corresponds to the measured mass Mk as given in Eq. (10). For the 

given distribution in Eq.(11), this mass Mk  may be related to the stage cut-off 

diameter (ECADk)  by integrating Eq.(11) between ECADk (i.e the ECAD50  for kth 

stage) and ∞ as given below: 
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Eq.(12) may be expressed in terms of the standard error function 
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The average values of the parameters of the size distribution of 20% NaCl 

aerosols as measured by the standard impactor were: MMAD = 2.09 µm and 

σg=2.62. The corresponding stage wise cumulative fractional depositions (Mk) 

obtained experimentally with BASS are shown in Table (6). A theoretical plot of Mk 

Vs ECADk generated using Eq. 13 is shown in Fig.6. From this plot, for a given 

experimental value of Mk for the kth stage, the corresponding ECADk value may be 

readout from the X-axis. For e.g. for Mk= 0.11 the corresponding ECADk from this 

graph is 6.75 µm. One may generate the cut-off diameters for all the other stages 

in a similar manner and these are shown in Table-6.  As may be seen from this 

table (last column), the experimentally measured cut-off diameters are quite close 

to the designed cut-offs for lower stages (between third and the seventh).  On the 

other hand, these were noticeably lower for the upper stages 1 and 2 (by about 

30%).  
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Fig-6: Determination of ECADk  values from the plot of the cumulative 

mass fraction as a function of aerodynamic diameter. 

 

In order to ascertain as to which set of values are closer to the true cut-off 

diameters of BASS, the mass distribution data obtained in several of the earlier 

experiments were re-plotted as log-probability graphs separately with design cut-

off and experimental cut-off values.  It was strikingly noticed that the slight 

deviation from linearity seen at larger sizes for the graphs plotted with respect to 

the designed cut-off diameters disappeared when the same data were replotted 

with respect to the experimental cut-off diameters.  These are illustrated in Figs.7 

& 8 for solute concentrations of 2.5% and 10% respectively. Hence the true cut-off 

diameters (ECAD50) of BASS are taken as the experimental values as presented in 

the last column of Table-6 for future purposes. 



Table-6: Designed Stage cut-off and Estimated Stage cut-off of BASS 

Stage Cumulative Mass 

fraction(Mk) 

Designed cut-off 

 (µm) 

Estimated cut-off  

(µm) 

7 0.92 0.53 0.53 

6 0.77 0.98 1.03 

5 0.35 2.5 3.02 

4 0.21 3.5 4.55 

3 0.15 5.8 5.59 

2 0.13 7.7 6.15 

1 0.11 10. 6.75 
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Fig-7:  Log probability plots of NaCl (Solute Conc. 2.5%) particle size 

  distribution with designed (■) and experimentally 

 determined (●) stage cut-off diameters using BASS 
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Fig-8:  Log probability plots of NaCl (Solute Conc. 10%) particle size 

  distribution with designed (■) and experimentally 

 determined (●) stage cut-off diameters using BASS 

 

 

 

 

 

 

 

 

 

 

 

 



 

6. CONCLUSION 

 An attempt has been made to design and develop an indigenous cascade 

impactor, referred to as BARC Aerodynamic size separator  (BASS) and evaluate 

its performance vis-à-vis the standard Andersen impactor. The new unit differs 

from the standard unit in terms of several design parameters such as the stage-cut 

off diameters, flow rate and stage assembling arrangement. The last aspect 

permits one to operate the cascade impactor with any number of stages up to the 

maximum of 7. Performance evaluation shows that BASS instrument reproduces 

the aerosol distribution parameters as obtained by the standard impactor, quite 

accurately. Experiments carried out for determining the stage cut-off diameters 

indicated the designed values of the cut-off diameters deviated slightly from the 

experimentally determined values. In view of this, the stage cut-off diameters are 

re-specified from the latter values. Since BASS has a higher sampling rate, the 

new impactor can collect higher quantity of the sample and hence is better suited 

to both environmental and laboratory aerosol distribution studies when the aerosol 

concentrations are low. Right now the system has a slightly higher value for the 

lowest stage cut-off (0.53 µm) as compared to the standard Andersen (0.4 µm); 

however, this will be improved in the next phase by taking recourse to superior 

drilling and fabrication techniques.  

The indigenous development carried out herein is quite inexpensive as 

compared to its imported counterpart. Hence there exists a considerable potential 



for the widespread use of this instrument within DAE establishment as well as by 

other agencies engaged in aerosol studies.     
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