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Abstract; Marine ahlppmg emissions have important Impagts on alr quality ankj chmate This type of anthrop({emo emission tjemams largely unclear due fo complex vesxel

types.and activities.| A coastal site near the Ningbo-Zhoushayf port dlong the East China Sea was selected for this study, representing ong of the hotspot regions globally with the
most 1nten%1ve “hipping actiities, in combination with|vessels for both domestic and/international transportation. Long-term temporal Varlanons in key gaseous and particulate
pollutants wefe obidined at the sitéAising in-situ measurem@nts, and“ dhe vessel hp(ie,d- ssociated with each classified vessel type was obtained according to the automatic
identification system*('AIS) . In combination of backward trajectories, we weresable lo identify the periods predominated by the surrounding vessel emissions ( in warm seasons,
dominated by.“vessels in full operation or idle mode) or influenced by continental outflow (in cold season). We found that emissions of sulphur dioxide (SO, ) , nitrogen oxides
(NO, ) ,.and black carbon (BC) aerosol were highly correlated with high-speed vessels, whereas carbon monoxide (CO) was likely related to lower operation speed. The total
particulate matter (PM) was not directly linked to vessel activities. The enhancement factor in operation mode compared to that in idle mode was approximately 1-4 for most
pollutants. This direct ambient observation of the emissions from a range of mixed vessel types may provide a basis for evaluating the shipping emission inventory.

Key words: atmospheric pollutant; ship emissions; automatic identification system ( AIS) ; ship operation; Ningbo-Zhoushan Port
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Fig. 1 Examples of backward trajectories for classified air masses dominated by marine and continental influences
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