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Aerosol Measurement Techniques

Aerosol physical properties

(mostly size and number)

Typical particle sizes 1 nm to 100 ym

Aerosol Chemical Composition



Particle Measurement
Distinguish between

Particle counting
Only counts number of particles, makes no distinction between sizes
Particle sizing
Counting and sizing information
Particle mass
Particle composition

Viable and non-viable bioaerosol assessment



Gravimetric (Mass-based) Techniques

Particles have very low masses
Need to collect many particles to have measurable mass
Most mass based techniques are integrated samples

Particle Particle
Diameter Mass
[Y'm] [g]
0.01 51077
0.1 5-107'°
1 510"
10 510"




Particle sizing instruments

No single instrument can measure particle sizes

over the entire range (Inm to 100um)

A combination of techniques are required for aerosol measurement
Different measurements yield different information about the particle

Therefore, multiple instruments are commonly used for aerosol characterization



Particle s1zing




Inertia based instruments

An Impactor separates the particles into two size ranges, larger or smaller than a cutoff size

Cascade impactor: have multiple impaction stages in series (largest cutoff size is 15t stage,
etc).

Decrease the nozzle size each stage. Can get access to each impaction plate and then weigh the
particles.

Virtual impactor: replace the impaction plate with a collection probe. Particles with sufficient
inertia go into the collection probe.

Time - of - flight: have a nozzle emit particles, use two lasers at e.g. 100 um apart used to time
the particles travel.

Particle's Aerodynamic diameter is based upon it's travel time between the two beams.



Inertial samplers

With a series of
impactors. particle mass
as a function of size can
be obtamned

— There are several
commercially sold cascade
impactors

— One of the most popular
methods to obtain particle
mass distributions
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Impactor

Virtual impactor
— Flow is split into two
channels
* Major flow carries most of

the flow and small
particles

* Minor flow into which
large particles from the
total flow impact
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STAGE]

STALE 2

STAGE 3

STAGE ™

Measuring size distribution or making size-classifications

cascade impactors

L

L e
s | )

o

v

-
0 4
_

7

/

T VACUTIM PUMP

NOEILE

IR PALCTTION
FL.ATE

FILTER

cyclone separators

Animation of the fow pattern inside the cyclone
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Nozzle

Stage 1

To decrease the cut-off diameter from stage
to stage is achieved by

Impaction Plate

(b)
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Stage 2

a) decreasing the nozzle diameters
(increase in particle/air velocity)

StageN

Filter

b) and/or decreasing the number of nozzles ik

To Vacuum Pump

c) and/or decreasing the pressure (increase @)
in slip correction).
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Viable and Non Viable Anderson Style Cascade Impactors. 8 Stage, 6




Stage Aerodynamic size (um) Geometric mean (um)

1

o Ol A W N

0.100-0.215
0.215-0.464
0.464-1.000
1.000-2.15
2.15-4.64
4.64-10

0.147

0.316

0.681
1.47
3.16
6.81
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Differential Mobility Particle Sizer (DMPS)

The Differential Mobility Particle Sizer (DMPS) is an instrument designed to measure
aerosol size spectra down to very small size.

The Differential Mobility Particle Sizer (DMPS) and Scanning Mobility control mechanism.

It consists of a DMA (Differential Mobility Analyser), a CPC (Condensation Particle Particle
Sizer (SMPS) are basically the same type of instrument with only different electronic
Counter) and some electronic controlling devices, everything controlled by a PC.
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DMA

20-

mr

supply

10,000V

Differential Mobility analyzer

(DMA)

— Sizes particles by their electrica
mobility

— Usually very high resolution
measurements are possible

— Downstream particle counter is
required for particle size
distribution measurements

« Usually a CNC

]

— Due to the high accuracy of this

instrument it is a standard aeros
instrument

ol

« Used for testing and validating

new instrument pﬂl‘f@l‘il]ﬂll‘:ﬂ
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TSI 3080 DMA

«— Sheath air in

T «— Polydisperse

aerosol in

Trajectories of particles
below the selected size

Trajectories of particles
corresponding to the

1= selected size

Trajectories of particles
larger than the selected size

= — Excess air out

_» Monodisperse
---osol out



The SMP3

Consists of

1. Electrostatic
classifier (EC)
2. Differential mobility analyzer (DMA)

3. Condensation particle counter (CPC)




Optical Particle Counter

Similar to photometer, but particles are isolated
May require dilution

0.065 - 20 ym
Practically 0.1 -5 ym

Some devices just count




Handle for Single
Hand Operation
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Particle Soot Adsorption Photometer (PSAP)

three stage wavelength
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