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Fig. 1 Design of laboratory extinction simulation measurement system for atmospheric pollution particles
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Fig. 8 Morphology of 0.4 pm SiO, particles detected in pollution simulation detection chamber
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Fig. 10 Comparison of extinction under different particle sizes
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A New Extinction Measurement System for Air Pollutants

ZHAO Xiyuan, QI Yumei, QIAO Yadong, LI Yang, WANG Yuhang, WANG Fengping
(School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Based on the characteristics of light transmission in a long path absorption cell, a laboratory
simulation system for measuring the extinction characteristics of atomphere pollution particles is designed.
The system consists of an extinction characteristics measurement device and an atmosphere pollution
particle simulation device. The extinction characteristics measurement device consists of a laser, an open
Herriot long path absorption cell, and an optical power meter. In the extinction characteristics measurement
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device, the laser is divided into two beams. One beam enters the open long path absorption cell, and this
beam then is reflected many times by the internal high reflective mirrors of the open long path absorption
cell and is emitted from the outlet of the open long path absorption cell. Finally, this beam is received by
the optical power meter at the outlet of the open long path absorption cell. The other beam after splitting is
directly received by the optical power meter at the entrance of the open long path absorption cell. The
extinction coefficient is calculated by the laser powers monitored at the entrance and outlet of the the open
long path absorption cell. During the measurement of the laser power, the difference method is adopted to
reduce the error caused by fluctuations in laser energy, and improve the accuracy of the extinction
coefficient measurement. The open Herriot long path absorption cell can reflect a certain wavelength of
light through two fixed high reflective mirrors multiple times to increase the optical path. At the same time,
it is convenient to clean the internal mirror and improve the measurement sensitivity of the extinction
coefficient. Meanwhile, the concentration of particulate matter for extinction is measured in real-time. The
atmosphere pollution particle simulation device is mainly composed of an atmosphere pollution particle
simulation generation device and an atmosphere pollution particle collection device. The atmosphere
pollution particle simulation generation device is composed of a blower, an atmosphere pollution particulate
matter storage box and an atmosphere pollution simulation generation box. The simulation generation of
atmosphere pollution particles is to place the air pollution particles in the air pollution particle atmosphere
pollution particulate matter storage box, and then the blower is used to blow the particles into the air
pollution simulation generation box. In the atmophere pollution simulation generation box, the particles
with larger particle size will settle at the bottom of the box due to gravity, and the particles with smaller
particle size will enter the pollution simulation detection module with the air flow for extinction
measurement. The atmosphere pollution particle collection device is an air filter, which can well adsorb the
pollution particles in the pollution simulation detection module, and reduce the pollution to the laboratory.
The air pollution particle generation device and the air pollution particle collection device can well control
the concentration in the pollution simulation detection module. At the same time, a small meteorological
station placed in the pollution simulation and detection module can monitor the concentration of pollutant
particles in the module in real time. In order to verify the rationality of the extinction measurement system,
the extinction coefficients of particles with different diameters and the extinction coefficients of particles
with different components are measured in the laboratory simulation system. By measuring the extinction
coefficients of Si0, particles with different particle sizes, it is found that the extinction coefficients of Si0,
particles with different particle sizes are significantly different. And then by measuring SiO, particles and
AL,O,particles with the same particle size finds that the extinction coefficient of particles with different
components are also significantly different, which further explains that particle size and refractive index are
the main factors determining the extinction coefficients. By comparing with the extinction coefficient
measured by lidar in the atmospheric haze, the reliability and rationality of the extinction simulation
measurement system are proved.

Key words: Atmosphere optics; Atmosphere pollution particulate matter; Herriot long—path absorption
cell; Extinction coefficient; Refractive index
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