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Research review on the detection of trace gases based on DOAS technology
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(Qingdao Institute of Measurement Technology, Qingdao 266101, China)

Abstract: Differential Optical Absorption Spectroscopy (DOAS) has become a mainstream technique for detecting
trace gases and 1s widely used in urban air quality studies, measurements in rural areas, stratospheric and tropospheric trace
gas monitoring, and volcanic plume composition analysis. DOAS offers high selectivity, high sensitivity, non-contact opera-
tion, and simultaneous multi-component detection, enabling the measurement of various gases such as NO, NO,,
CHOCHO, SO,, O,, Aromatic Hydrocarbons, with detection limits as low as the pptv level. Its applications are presented
in trace gas detection using both active and passive modes. For active DOAS, it discusses the evolution of system configura-
tions, advancements in components like light sources and detectors, the variety of detectable gases, and its applications in
specific fields. For passive DOAS, it covers remote sensing methods using ground-based stations, mobile platforms (ve-
hicles, ships, aircraft), and environmental satellites. Following that, an introduction was provided on the combined applica-
tion of DOAS with imaging technology, as well as DOAS with cavity-enhanced absorption spectroscopy. Finally, the paper
offers an outlook on the future development and research directions for DOAS in trace gas detection.

Keywords: optical measurement; differential optical absorption spectroscopy; trace gas; long-path differential optical ab-

sorption spectroscopy; multi-axis differential optical absorption spectroscopy
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