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[3~7,13~17,20~32]

Figure 1 (Color online) Previous observations of Cl, levels worldwide. The Cl, levels shown in the figure are the highest that were measured during
these field campaigns, and the relevant data are obtained from the following Refs. [3-7,13-17,20-32]
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Figure2 (Color online) Three typical daily variations of Cl, observed in field campaigns (a), simulations of simultaneous Cl, photolysis rate constants
(b), and Cl, production rates calculated on the basis of steady-state assumptions (c). Shown from left to right, the three daily variations are daytime
double-peak, daytime single-peak, and nighttime single-peak, respectively. The Cl, photolysis rate constants during the Wangdu, Houston, and Barrow

observations are obtained from Refs. [5,14,24], and those from the other observation

372730310 are calculated by the National Center for Atmospheric

Research’s TUV model, and the relevant parameters are set based on the assumption that the weather conditions were clear and cloud-free
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BT JLETHCL, CLAIpCIRHERCE. Liss AP 4 T 1
201 TR AT A HE S B, S AR 24986500 /4F.
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Molecular chorine (Cl,) is one of the important reactive chlorine compounds in the atmosphere, which, in addition to
directly harming human health, has a nonlinear effect on air pollution complex and global warming by affecting
atmospheric oxidation capacity. By photolysis reaction, Cl, produces Cl radical which can not only oxidize atmospheric
trace gas, such as volatile organic compounds (VOCs) and dimethyl sulfate (DMS), triggering a series of radical chain
reactions, but also trigger ozone depletion events occurring in the polar regions, in addition to directly oxidizing Hg and
perturbing the budget of other Hg oxidants. Photolysis of Cl, contributes significantly to the Cl radical, with some
observational studies in different atmospheric conditions suggesting a contribution of up to 85%, revealing that Cl, may
have a potentially important effect on reactive chlorine chemistry in the troposphere.

This paper summarizes the spatial and temporal distribution of Cl, on a global scale by combining the results of
laboratory experiments, field observations and model simulations. Currently, Cl, measurements are mainly performed
employing chemical ionization mass spectrometry (CIMS), which has a low detection limit and high temporal resolution,
allowing on-line measurements. The results show that high concentrations of Cl, are generally observed in typical
atmospheric environments, such as polar regions, coastal areas, and urban areas, with atmospheric Cl, levels ranging from a
few to several hundred pptv. The highest value reported so far is 1.1 ppbv measured in Shanghai. Intense anthropogenic
emissions can provide a significant source of Cl, production in inland areas. Although there are different patterns in the
daily variation of Cl, concentration, the rates of Cl, production all show a clear single peak during the day, with the fastest
rate around noon. We further reviewed the available mechanisms for Cl, formation, including OH, HOCI, CIONO,, CINO,
uptake on acidic chloride-containing aerosols. The established mechanisms require different reaction conditions such as
ion concentration, pH and light, but all of them need to occur in a heterogeneous system, pointing out that the source of Cl,
in urban polluted atmosphere is related to heterogeneous chemistry. The process of Cl, generation in the Chinese urban
atmosphere may be particularly important under the coexistence of high concentrations of particulate matter and high
concentrations of precursors. However, after considering all the existing mechanisms, it is still unable to explain the high
diurnal Cl, concentration obtained from the outfield observations, suggesting that there is still a missing source of chemical
production of Cl, in the daytime, while parameters such as uptake coefficients need to be further refined for the existing
mechanisms. Subsequently, we explored the effects of Cl, on the atmospheric oxidation capacity and secondary pollution
formation in China. Based on the box modeling and the global simulation, we found Cl, can significantly enhance the
concentration of Cl radicals and promote the recycling of RO, radicals, which can have an impact on the production of
secondary pollution, such as ozone and secondary organic aerosols. Finally, the future direction of Cl, atmospheric
chemistry is briefly discussed. Based on the enrichment of Cl, field observations, clarification of the Cl, production
mechanism and accurate quantification of the Cl, contribution to RO, radical chemistry, the chlorine chemistry mechanism
of the existing 3D model should be upgraded in order to accurately describe the impacts of reactive chlorine chemistry, and
even halogen chemistry, on air quality and climate change on both regional and global scales.

molecular chlorine, chorine chemistry, atmospheric radical, heterogeneous reaction, ozone
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