
Particle Measurement Methods.
Number Concentrations.  One common method used to measure number concentrations
of all ambient particles is the Condensation Particle Counter (CPC, also called
Condensation Nuclei Counter, CNC).  Although a variety of CPC exist, they all work on
a  c o m m o n
principle.
Particles are
exposed to a
supersaturated
vapor (typically
an a lcohol) ,
which condenses
on the particles
causing them to
grow to much
larger  s izes,
(typically on the
order of 1µm or
so).  This is done
so that particles
too small to
scat ter  l ight
grow to a size
where they can
be  de tec t ed
optically. Light
scat ter ing is
most intense for
particles near the
wavelength of
light 0.5 µm, and
particles smaller
t h a n  a b o u t
0.1µm diameter
can not  be
detected
optically. In a
continuous flow
CPC (the most commonly used, and what we will use in this lab, see Figure 4), the large
droplets and accompanying air pass through a nozzle to make a narrow jet.  Individual
particles are counted by an optical device, which consists of a laser beam and optics to
collect scattered light. The jet intercepts a laser beam, and each particle that scatters the
laser light is sensed by a photo-detector that converts electromagnetic radiation to a
voltage pulse.  Pulses are counter by an electronic counter and summed over some period
of time. Number concentration can be determined (number of particles/volume of air)
from the volumetric rate at which air is sampled by the CPC.

Figure 4, Schematic of the TSI 3007 CPC



Figure 4, shows a schematic of a continuous flow CPC.  Continuous flow CPCs
consist of three components, a saturator, condenser, and an optics assembly.  The
saturator and condenser consist of cylindrical tubs.  In the saturator, the tube is lined with
a wick that soaks up alcohol from a reservoir.  The tube is typically drilled out from a
block, which is held at some elevated temperature.  The ambient air, containing particles,
enters the condenser and becomes saturated with alcohol (saturation ratio S =1).  From
there, the air moves to the condenser, which is also a tube bored in a block, but in this
case it is cooled, typically by a thermo-electric device.  This cools the alcohol-saturated
air resulting in supersaturated alcohol, S>1.  Recall that saturation (or equilibrium) vapor
pressure (psat) decreases with decreasing temperature, Clausius-Clapeyron), and that S
equals the ambient vapor partial pressure (p, the amount of vapor in the gas), divided by
the saturation vapor pressure, S= p/psat. As the air travels through the CPC from the
condenser to saturator, p remains fairly constant, but psat decreases, causing S to increase
to values larger than 1.

CPCs detect (count) all particles that are “activated” by the alcohol (i.e., are of sufficient
size to grow by alcohol condensation).  Particles not activated, do not increase in size,
and are not detected.  Activation depends on particle size and is predicted by the Kelvin
equation.

where S is the alcohol saturation ratio in the condenser, σ, M , and ρ are the surface
tension, molecular weight, and density of the alcohol, R is the universal gas constant, T
the temperature, and Dp* the size of particle activated.  Thus, as S gets larger (S must be
larger than 1) Dp* decreases, and for a given S there is a minimum size that will be
detected (Dp*) for a given CPC geometry, T settings, and working fluid.  For our
instrument (TSI 3007 or 3022), Dp* is roughly 0.01 µm diameter (10 nm), thus the
instrument will count all particles larger than 0.01 µm.

One problem associated with CPCs is that there are limits on how high a concentration
can be measured.  This occurs because as number concentration increases, the likelihood
that more than one particle will be in the laser beam at a single time increases.  When this
occurs the CPC assumes it was only one particle, since only one pulse is produced.  This
will result in an under measurement of the concentration.  The TSI 3007 has an upper
limit of 105 particles/cm3

Mass: Filters and TEOMS
Conceptually, the measurement of aerosol particle mass concentration is straight forward.
One precisely weighs a new (e.g., clean) particle filter, draws ambient air through it for
some period of time (typically 24 hours), than reweighs it.  The increase in filter mass is
assumed to be due to the collected ambient particles, and the concentration is just the
increase in mass divided by the volume of air drawn through the filter.  In practice, this is
actually a difficult experiment.  First, a very sensitive balance is required, LOD of about

Dp* =
4σM

ρ RT ln(S)



0.00001 g.  Secondly, care must be taken to remove any interference from water absorbed
or lost from the filter.  Filters are generally placed in a T and RH controlled environment
for weeks (~3) prior to the initial weight measurement, and then again after loading with
ambient particles prior to the final weight measurement.  The idea is that the amount of
water on the filter will be the same for both weight measurements.

Filter measurements of mass typically require long sample integration times to obtain a
sufficient collected mass for an accurate measurement.  These long integration times
severely limit investigating aerosol mass sources, spatial distributions, and establishing
relationships with meteorological parameters.  Recently, a Tapered Element Oscillating
Microbalance (TEOM) was developed to measure particle mass on line.  This instrument
has been widely deployed throughout the globe at air quality monitoring networks.

The TEOM operates by drawing sample air through a filter at a constant rate, weighing
the filter and calculating mass in near real-time.  In an attempt to limit absorbed water
interferences, the inlet is heated to 50°C (note this causes other problems, such as loss of
semi-volatile aerosol compounds), and a hydrophobic filter media is employed (Teflon
coated borosilicate glass).  Sample air is drawn into the instrument at 16.7 L/min through
a PM2.5 or PM10 inlet.  3 L/min is drawn isokinetically from this flow and conducted to
the filter situated in the mass transducer.  The increase in the filter’s weight, which is
measured automatically by the instrument, is used to calculate the total mass of collected
particulates.  The innovation in this instrument is the mass sensor, which consists of a
“tapered element”; a hollow tube with one end fixed to a piezo-electric oscillator, and the
other end free to vibrate and to which a small filter is attached.  The tapered element
vibrates at its natural frequency.  An electronic control circuit senses the vibration and
maintains a constant amplitude (i.e., offsetting losses) through a feed back loop.  The
frequency of oscillation is also precisely measured.

The tapered element can be viewed as a hollow cantilever beam vibrating as a simple
mass-spring system in which the natural frequency follows the equation:

F = (K/M)1/2 ,

where F is the frequency in radians/sec, K the spring rate (related to spring constant), and
M the mass.  For more details see the TEOM manual.


