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Billy W. Loo 
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Over the past decade, a growing number of techniques have been applied to 
the measurement of aerosol composition. These include the conventional wet 
chemical methods of titrimetry and colorimetry, electrochemical techniqes 
using specific ion electrode and anodic stripping voltammetry. While atomic 
absorption, atomic emission, mass spectrometry and a variety of chromatograph
ic techniques represent physical methods of the destructive type, non-destruc
tive methods of analysis include neutron activation, charged particle activa
tion and x~ray fluorescence analysis. 

A number of techniques are especially suited for surface measurements. 
These include the electron spectroscopy for chemical analysis (ESCA), scanning 
Auger microprobe, secondary ion mass spectroscopy, and scanning electron/XRF 
microprobe: In particular, Rutherford backscattering techniques may be further 
ex-ploited by using heavier particle beams to yield elemental depth profiles up . . 
to several thousand angstroms deep. A prerequisite for quantitative composi
tion meaurement is the determination of total aerosol mass. The limitations 
of traditional gravimetric analysis are gradually being overcome by the devel
opment of automated beta gauge, piezoelectric microbalance and various reso
nant frequency mechanical oscillators. There is, however, still room for 
refinement. 

The relative merit of the aforementioned techniques may be viewed in terms 
v- of how likely they will be to fulfill modern requirements. For example, 

specific chemical speciation, fast time resolution and morphological informa
tion are important for aerosol dynamic stud;'es. On the other hand, large-sc·ale 
measurement methods are necessary to provide statistically meaningful data for 

studies such as source apportionment and receptor modeling. In addition, fast 
and non-destructive techniques are useful for screening of pertinent samples 
for detailed or more costly analysis. 
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The need for future development may therefore be identified when a given 
technique is considered under the following categories: 

ANALYTICAL 
COMPLETENESS single element multielement chem. speciation 

TIME 
RESOLUTION off-line intermittent continuous 
SPEED AND 

RELIABILITY sample preparation manual automated 
SAMPLE 

INTEGRITY artifact formation destructive non-destructive 
SIZE 

SEGREGATION mixed sized morphology 

It would be generally desirable to improve or upgrade the positions of a 
technique towards the right hand column as much as it is possible. In the 
area of x-ray analysis for example, chemical speciation is becoming practical 
with the powder diffraction technique where speed is improved by combining a 
bent crystal with a position-sensitive detector. Similarly, the development 
of laboratory-scale intense x-ray source should free the extended x-ray absorp
tion fine structure (EXAFS) analysis from being tied to a synchrotron radiation 
facility. 

It is likely that more demanding future requirements are to be met by 
combining two complementary techniques in the tradition of GC/MS. These 
include some newer developments such as achieving sulfate and carbon specia
tions by combining regular elemental sulfur and carbon determinations with 

thermal volatility analysis. The combination of titrimetry with radio-nuclei 
labelling is another example. In the interest of making fast and inexpensive 
large-scale measurement, one or more indirect measurement(s) may be used such 
as the determination of graphitic carbon by laser light absorption and photo
acoustic techniques. 

There has been a recent interest in developing capability for real time 
chemical composition and size analysis on individual aerosol particles. For 

example, the CAART instrument by Allen and Gould of AeroChem Research Labs, 
·Inc. utilizes vacuum acceleration, flash vaporization and a quadrupole mass 
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filter tunable over___mgS5_f~agments-i n-the-range-from--2-~-soo- amu. -A scheme 
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proposed by R. Otto of LBL would employ electrostatic acceleration, impact 
ionization and time-of-flight mass spectrometry. This approach holds promise 
for real time single particle elemental and structural analysis with ppm 
sensitivity on particles in the range of 0.01 to 1 IJm and a throughput of up 
to 103 particles per second. 

Undoubtedly th~ identification of organic compounds will be a continuing 
challenge. Instrumentation related to mine safety must be perfected as coal 
utili~ation is expected to continue to increase. As cases of special nature, 
the old problem of asbestos measurement must be improved and the new problem 
of carbon fiber monitoring needs to be addressed as we face the coming decades 
of material revolution led by the success of carbon fiber composites. 

As modern aerosol instrumentation reaches higher degrees of sophistication 
and complexity, the mounting barrier of technological transfer from research 
institutions to engineering enterprises requires special recognition and 
support •. Proven methods which have reached a certain level of refinement-
such as the automated sulfur monitor, beta gauge, and photon-excited XRF 
analyzers--are providing opportunities for commercialization, enabling wider 
utilization by the research and monitoring communities at large. 
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