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Automated Particulate Matter Mass Measurement –
Accounting for Nonvolatile and Volatile PM Components



Measurement of Nonvolatile and Volatile PM Fractions
R&P has developed the Filter Dynamics Measurement System (FDMSTM unit) to accom-
plish the challenging task of accounting for both the volatile and non-volatile components
of particulate matter (PM), and reporting the combination as a mass concentration result.
This is done by measuring the volatile portion of the sample independently from the
total incoming sample, and using this fraction in calculating the PM mass concentration.

This sampling and measurement system is based upon a number of technologies suc-
cessfully applied by R&P, including the true-mass filter-based TEOM microbalance, a
diffusion drying system, and a self-referencing technique to assess the volatile compo-
nent of ambient PM. The FDMS unit provides a new PM measurement approach that
offers the ability to quantify more representatively the PM mass concentration as it
exists in ambient air.

As the name implies, the FDMS System takes into account the dynamics of PM that has
been deposited on a sample collection filter, and how that material behaves over time.
The device is designed to provide high-quality, representative PM mass concentration readings for both short-term aver-
ages (one hour) as well as 24-hour averages. The system’s basic output consists of running 1-hour average mass concentra-
tion (in µg/m³) of PM-10, PM-2.5 or PM-1 updated every six minutes. The unit also computes the base mass concentration
and reference mass concentration over the same averaging times.

System Configuration
The Series 8500 Filter Dynamics Measurement System is composed of a TEOM Series 1400a Ambient
Particulate monitor loaded with special operating software and an FDMS kit. For current users of TEOM
Series 1400a (Revision B) monitors, the FDMS kit can be added to an existing installation.

The system schematic shows the major components of the FDMS System as the sample flow passes from
the size selective inlet to the mass transducer in the sensor unit and the flow controllers in the control
unit. An integral Sample Equilibration System (SES) dryer ensures that the relative humidity of the sample
stream is low to minimize the effects of moisture on PM measurements. The Purge Filter Conditioning
Section contains a chilled filter maintained at 4 °C that effectively removes particulate matter when the
sample stream is switched through the device by the switching valve.

Response to Volatile PM Materials
The FDMS System is designed to provide repre-
sentative short-term readings of the ambient PM
concentration, even in the presence of volatile
materials. This capability is demonstrated for a
laboratory challenge aerosol containing pure
ammonium nitrate, a volatile material at room
temperature.

Conventional PM monitoring approaches do not
account for the rapid mass loss that occurs on a
collection filter while sampling ambient PM. The
FDMS unit, however, automatically adds such
volatilization effects into its computed mass
concentration result. The appropriate response of
the unit to sudden upward and downward step
changes in the ammonium nitrate concentration
demonstrates the effectiveness of this approach.

Series 8500 Filter Dynamics Measurement System
Lab Tests of Ammonium Nitrate
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Principle of Operation
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The FDMS instrument computes its running PM mass con-
centration average based upon independent measurements
of the base and reference mass concentrations. To accom-
plish this, the FDMS unit constantly samples ambient air
and uses a switching valve to change the path of the main
flow every six minutes. The sampling process consists of
alternate sample and purge (filtered) air streams passing
through the exchangeable filter in the TEOM mass sensor.

The purge filter in the FDMS main enclosure effectively
removes aerosols at 4 °C. The exchangeable purge filter can
provide a time-integrated particulate matter sample that
can be used for subsequent chemical analysis. A standard
R&P FRM-style molded filter cassette holds a 47 mm
diameter PTFE-coated borosilicate glass fiber filter as the
purge filter.

The sample and purge air flows alternately pass through the
exchangeable filter in the TEOM microbalance, which gener-
ates a direct measurement of the collected mass. The

system automatically adjusts the mass concentration from
the particle-laden air stream by referencing it to the mass
change that may occur during purging. For example, if the
FDMS unit measures a decrease of filter mass during the six-
minute purging period, this mass decrease is added back to
the mass measurement obtained with particle-laden air.

Manual gravimetric samplers and filter-based continuous
monitors have an uncertain response to mass changes due
to water, secondary aerosols such particulate nitrate, and
lighter molecular weight organics. Even filter tape based
systems cannot avoid the loss of collected materials due to
heating, drying and/or ventilation effects that occur on a
time scale shorter than the sampling period between tape
advances. The Series 8500 Filter Dynamics Measurement
System quantifies the effects that lead to mass changes on a
collection filter using NIST-traceable mass and flow measure-
ment techniques.
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Technology Evaluation & Regulatory Status
The California Air Resources Board (ARB) evaluated the
FDMS System from October 2001 to February 2002 in
Bakersfield, California, a time of year when particulate nitrate
concentrations are typically very high and ambient tempera-
tures are at their lowest. Based upon the results, the ARB has
selected the Series 8500 FDMS System to be a California
Approved Sampler (CAS) for both PM-2.5 and PM-10 as
part of new standards promulgated in June 2003. Data
from this field evaluation are shown below.

NIST-Traceable Data Quality Assurance
Users can verify the proper operation of the mass mea-
surement and flow control subsystems of the FDMS
instrument using NIST-traceable standards.

A mass calibration verification kit contains a filter pre-
weighed on a NIST-traceable gravitational microbalance.
Continuous PM mass measurement systems from R&P
incorporate the only methodology whose calibration can be
verified using a true mass
transfer standard.

The StreamlineProTM MultiCalTM

flow calibration system is highly
stable and is calibrated by the
manufacturer using a flow
bench co-developed with NIST.

Direct Measurement of PM Mass
The FDMS System incorporates a proven mass measurement
system patented by Rupprecht & Patashnick. In contrast to
surrogate indicators of mass, the mass sensor used in the
FDMS unit applies fundamental physical principles to provide
a true mass measurement of the particulate matter mass
collected on a sample filter. The approach allows for PM
sampling and mass determination to take place simulta-
neously.

After the sample stream enters the FDMS
System through a size-selective inlet, the
remaining particulate matter is collected
on an exchangeable filter that is an
integral part of an inertial microbalance.
The filtered air then continues through a
hollow tube called the tapered element at
the base of the exchangeable filter, and
onward to a mass flow controller and
pump. Components built around the
tapered element cause the tube to behave much like a tuning
fork, oscillating at its natural frequency. As the PM mass on
the collection filter increases over time, the natural fre-
quency of the tube’s oscillation decreases in a direct relation-
ship with the change in mass.

PM-2.5 FDMS Daily Precision Results
Bakersfield, Oct 2001 - Feb 2002, Units 2 and 3
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PM-2.5 FDMS Results vs. PM-2.5 FRM Sampler
Bakersfield, Oct 2001 - Feb 2002, Units 2 and 3

y = 1.035x + 3.243
R2 = 0.9766
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