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Abstract
It is well known that the occurrences of extreme weather conditions like fog in winter causes significant decrease in atmospheric visibility up to a few meters which supports to increase the non-living atmospheric aerosol becoming a reason for several health issues in India. In the present study, an effort has been given to understand the role of such atmospheric condition on atmospheric living microorganisms. This study presents the major outcomes from a campaign conducted during 1-14 Jan 2021, for intra- & inter-diurnal variation of airborne bacteria at a rural location, Arthauli (25.95°N, 85.10°E) located at the foothill region of the Himalayas over central Indo-Gangetic Plain (IGP). Airborne samples were collected round the clock over sampling site, and five fog events were investigated during the measurement period. The airborne bacteria detected using Next Generation Sequencing (NGS) were classified into three groups according to atmospheric conditions viz, pre-fog, fog, and post-fog condition. In comparison to pre-fog conditions, airborne bacterial loading increased by 36±0.4% in fog, and decreased by 48±0.4% in post-fog conditions. Air-borne bacterial loading also had a strong correlation with RH (R2=0.56,p<0.05), temperature (R2=-0.55,p<0.05) and wind speed (R2=-0.52,p<0.05). A unique type of bacteria of about 29% of the whole community was detected only in foggy conditions, which could be due to a continuous supply of nutrients and water from the cold, calm, and, humid atmosphere as well as protected them from harmful incoming solar radiation in low visibility conditions. A typical normal winter day experienced a strong diurnal variation with more than a 60% decrease in microbial loading in the afternoon period compared to that in the morning. However, such variation in a foggy day was only 10% due to prolonged morning fog which keeps the microbial concentration significantly high throughout the day. In addition, cold wind coming from western direction keeps the ambient temperature low supporting enhancement of bacterial population. The weak thermal convection with low wind speed of prolonged foggy condition reduces the planetary boundary height promoting low ventilation condition and does not allow the enhanced bacterial population move away from the foggy region. The analysis of three days back-trajectories indicates the atmosphere of central IGP strongly influenced by the urban regions of western IGP by transportation of airborne aerosols. The occurrence of fog pauses wind movement and allows airborne microorganisms to proliferate. These airborne bacteria were mostly coming from Natural Continental (NC) sources (like flora, fauna, agriculture, soil) (43±1.7%) followed by urban sources (like industrial and hospital waste, other    anthropogenic sources) (29±1.6%), and aquatic sources (like marine, freshwater, sediments) (28±0.5%). Gp6(14.8±8.6%), Anaeromyxobacter(7.1±2.8%), and Gp7(6.8±2.6%) were noticed to increase their abundances significantly due to occurrences of fog over central IGP.
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