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Computation and Analysis of Light Scattering by
Monodisperse Biological Aerosols
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Abstract The T-matrix method is used numerically to calculate the light scattering patterns of monodisperse,
randomly oriented, non-spherical biological aerosol particles based on prolate spheroidal and spherical models in order
to obtain size and shape sensitive information. The shape dependence of the phase function for the biological aerosol
particles is discussed. The angular distributions of light scattered by Staphylococcus, Yersinia pestis, Francisella
tularensis, Shigella dysenteriae and Burkholderia pseudomallei are presented and the size and shape dependence of the
scattering matrix elements are illustrated in detail. At the forward- and side-scattering angles, the phase function has
little dependence on particle shape for particles with equal extinction cross-section. It indicates that spherical model
can be used to model non-spherical particles at these regions. The ratio of integrated backward- scattering at 170° ~
180°of F,, () to integrated forward-scattering at 0° ~10° increases with the increases of the aspect ratio for non-
spherical particles, which can be used to characterize particle shape. For aerosols of different sizes and shapes, the
forward-scattering steepness [ Fy; (0°) — Fy; (5°)]/5 of Fy; (0) increases with surface-equivalent radius. which
provides theoretical basis for particle size detection. The ratio of integrated scattering at 170° ~180°to integrated
scattering at 0°~10°of F; (&) as well as integrated scattering at 30°~90° of Fy, (0)/F1, () increases with the aspect
ratio, which can be used to determine the shape of particles. The study results in this paper provide a theoretical

foundation to the design of particle size and shape analysis apparatus and the fast and effective detection of harmful
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biological micro-organisms in the air.

Key words light scattering; biological aerosol; T-matrix; scattering matrix element; aspect ratio
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Table 1 Sizes and shapes of five biological agent aerosol particles and diseases caused by them

Biological agent Disease Shape Size (WXL) /pm a /pm b /pm a/b r./pm
ST Toxic syndromes Sphere 0.8~1.0 0.9 0.9 1 0.9
YP Plague Spheroid  (0.8~1.0) X (1.1~1.3) 0. 85 1. 15 0.7391 0.9474
FT Tularemia Spheroid 0.5X1.0 0.5 1.0 0.5 0.6537
SD Shigellosis Spheroid (0.5~0.7) X(2~3) 0.7 2.0 0.35 1.0731
BP Melioidosis Spheroid  (0.4~0.5) X (1.2~2.0) 0.4 1.5 0.2667 0. 6964
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