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The quantification and qualification of atmospheric compositions find application in
such diverse field as environmental monitoring, health and climate forcing. An ultra-
sensitive chemical analysis of gas and aerosol based on the optical method from the
UV to the IR region is a well established approach. The requirements of such an in-
strument for aerosol monitoring are as follows: high sensitivity (with the detection
limit below 1ìg/m3 in aerosol, ppb range in ozone and NO2 concentration), selectivity
(free from the cross sensitivity caused by the light scattering and filter matrix used for
particle enrichment), fast response time (avoid the long-term filter sampling required
for concentrate atmospheric soot for thermal analysis), portability. Presently, number
of techniques has been developed for aerosol monitoring, but none of them are able to
fulfil all of these requirements. The approach of combining the advantages of multi-
wavelength light sources and the photoacoustic detection scheme is very promising,
providing response time below one minutes, insensitivity for scattering molecules and
particles, free from cross sensitivity as well as relatively small dimension of the pre-
sented system.

In this work we are demonstrating a multi purpose photoacoustic sensor for atmo-
spheric monitoring based on the diode laser pumped, high repetition rate, Q-switched
Nd:YAG laser and its frequency converted high harmonics. It is designed to make
an in situ measurement at three wavelengths (1064nm, 532nm and 266nm) simulta-



neously. The three wavelengths are generated via frequency doubling (532nm) and
quadrupling (266nm) of the fundamentals of Nd:YAG laser (1064nm) by means of
nonlinear crystals (LBO, BBO). Because of the ozone is being the primary absorber
of the UV region and the absorption coefficient at 254nm just slightly different than
at 266nm, the fourth harmonic of Nd:YAG is suitable for ozone monitoring in the ppb
range. The second harmonic (532nm) is one of the best candidates for NO2 monitoring
in ppb range sensitivity. The wavelength gap and the different absorption coefficient
between these three wavelengths are sufficient to take distinction between the main
carbonaceous fractions: organic carbon (OC), black or elemental carbon (BC or EC)
and inorganic carbon (e.g. carbonates).

The present system was successfully tested and compared with a large set of recently
developed or common instrumentation both under the laboratory and field circum-
stances. The results of these studies indicate that this sensor has the potential to char-
acterise different minerals (Illit, Kaolinate, Hematite), different type of dust and make
the difference between soot arises from traffic and from domestic wood burning.
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