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Fig. 1. Model of ultraviolet laser induced bioaerosol

fluorescence lidar.
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Fig. 2. Curve of pulse energy with distances.
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Fig. 4. Linear functions of the normalized fluorescence

spectra.
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Fig. 5. Photon numbers of the bioaerosol fluorescence.

Table 1. Main parameters of the fluorescence lidar.
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Fig. 6. Photon numbers of the background radiation.
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Fig. 7. Signal to noise ratio of the fluorescence lidar.
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Abstract

Biological aerosols which could cause diseases of human beings, animals and plants, are living particles suspended in
the atmosphere. Ultraviolet laser induced fluorescence has been developed as a standard technique used to discriminate
between biological and non-biological particles. As an effective tool of remote sensing, fluorescence lidar is capable of
detecting concentration of biological aerosols with high spatial and temporal resolutions. Intrinsic fluorescence, one of the
most important characteristics of biological aerosols, has quite a large effect on the performances of fluorescence lidar. To
investigate the effects of intrinsic fluorescence on biological aerosols, we design an ultraviolet laser induced fluorescence
lidar at an excited wavelength of 266 nm, with a repetition rate of 10 Hz. Fluorescence signals are collected by a
Cassegrain telescope with a diameter of 254 mm, in which fluorescence spectra of 300—800 nm are mainly considered. A
spectrograph and a multichannel photomultiplier tube (PMT) array detector are employed to achieve the fine separation
and highefficiency detection of fluorescence signals. According to the present configuration, we perform a series of
simulations to estimate the measurement range and the concentration resolution of biological aerosols, with a certain
pulse energy. With a relative error less than 10%, theoretical analysis shows that designed fluorescence lidar is able to
detect the biological aerosols within a range of 1.5 km at a concentration of 1000 particles-L."'. When the detection
distance enlarges to 2.1 km, detectable wavelength range is limited to 300-310 nm. In addition, the lidar is capable
of identifying minimum concentrations of biological aerosols with 2 particles-L™! and 4 particles-L™! at fluorescence
wavelengths of 350 nm and 600 nm, respectively, where the induced pulse energy is set to be 60 mJ and detected range 0.1
km. With setting energies of 40 mJ and 20 mJ, minimum concentrations of biological aerosols decrease to 3 particles-L ~*
and 6 particles-L ™!, respectively, at a fluorescence wavelength of 350 nm. The relative error of minimum concentration
resolution is about 2 particles-L ™!, increasing rapidly with range. For a fluorescence wavelength of 600 nm, both the
minimum concentration and the relative error show relatively high values, 5 particles-L ™! at 40 mJ and 10 particles-L~*
at 20 mJ, where the relative errors are found to be 2 particles-L ™" and 4 particles-L ™!, respectively. The results prove
that a shorter intrinsic fluorescence wavelength has a better effect on biological aerosol measurement. We believe that a

proper intrinsic fluorescence wavelength will further improve the detection accuracy of biological aerosols.

Keywords: biological aerosols, intrinsic fluorescence, lidar, concentration resolution
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