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Ammonium salt (NH4+) is an important component of fine aerosol particles (PM2.5), 
accounting for about 5-10% of its total mass concentration, which can increase to ~ 
20% during severe pollution. NH4+ can neutralize acids, regulate the concentration and 
composition of PM2.5, and affect air quality, and also act as cloud condensation nuclei, 
which can affect the radiative energy balance and climate change in direct or indirect 
ways. In this study, a new technique was developed to invert the vertical profile 
information of NH4+ concentration based on the vertical detection of aerosol LIDAR, 
and the numerical model assimilation technique was further used to construct the three-
dimensional reanalysis data of NH4+ concentration. Based on this, the vertical 
distribution and temporal trend of NH4+ concentration in the urban boundary layer of 
Beijing were analyzed, and the hourly evolution of the whole pollution process was 
tracked. The results show that the vertical distribution of NH4+ concentration at the 
altitude of 300-700 m in the urban boundary layer shows a surprising single-peak 
distribution, with hourly concentrations up to about 50 µg m-3, which is three times of 
the ground level concentration, in contrast to the conventional pattern of decreasing 
concentration with altitude. This vertical structure is closely related to the observed 
escape of ammonia (NH3) or NH4+ from upwind industrial sources through elevated 
stacks. The NH4+ plume emitted from these sources can easily be transported at an 
altitude of 270-750 meters for about 6 hours to Beijing, a distance of more than 250 
kilometers away. This study reveals the impact of NH4+ emissions from non-
agricultural sites on the vertical structure of aerosol NH4+ in the urban boundary layer, 
suggesting potential opportunities for limiting such emission sources to curb PM2.5 
pollution in the North China Plain.  
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