Abstract:
In this study, the calibration of the Single Particle Soot Photometer and its sensitivity to three different absorbing aerosol types, soot, volcanic ash and hematite, is investigated. Furthermore, a method is shown, how the two latter ones can be distinguished from soot. 

Absorbing aerosols occur in the atmosphere with highly variable concentrations in time and space. Due to scattering and absorption of light, they influence the radiation budget of earth and atmosphere. They heat up under the influence of solar radiation and warm the surrounding air. As radiation is absorbed and scattered in the atmosphere by aerosol particles, less light reaches the earth’s surface, this leads to a cooling effect at the ground. The absorbing aerosol with the highest impact on climate due to its light absorbing properties is black carbon, but other abundant aerosols, mainly dust, contribute to light absorption, too. Absorbing aerosols can be measured with a variety of techniques. This study focuses on the detection of black carbon mass by laser-induced incandescence with a commercially available instrument, the Single Particle Soot Photometer. An absorbing particle is heated up very fast in an intense laser beam to its evaporation temperature, and the emitted thermal radiation is detected. Additionally, the scattered laser light is detected to obtain the optical size of the particle. 

The instrument has to be calibrated with a sample of standard absorbing aerosol with known mass, as the measured incandescence signal is approximately linear proportional to the particle’s mass. Using an appropriate calibration material is essential for acquiring good measurement results. Several different standard samples are available for calibration, and two of them are compared in this study. The one most similar to ambient soot is fullerene soot. For good measurement performance, several parameters, like laser intensity and stability, have to be checked regularly. Measurements with the SP2 are reproducible within the calibration’s uncertainty. The concentration of particles outside the detection range can be estimated under the assumption, that the particles are lognormally distributed. Though optimised for soot measurements, the Single Particle Soot Photometer can be used to measure absorbing materials different to soot, which absorb less efficiently. This is demonstrated here with laboratory measurements of volcanic ash and hematite. However, their detection efficiency is very low, below 10%. The colour ratio, the ratio of the incandescence signals from two channels with different bandwidth can be used to distinguish these two materials from soot, as this ratio is lower for both volcanic ash and hematite than it is for soot. 

