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Airborne Particulate Matter

Brook (2008) Clin Sci 15(6):175
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Schraufnagel et al (2019) Chest 155(2):417-426

How does air pollution affect us?
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Nemmar et al (2013) Biomed Res Int 279371

PM Regulations
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Shipping PM and health
• Ocean-going ships emit ~1.5 million tonnes respirable PM.

• 403,000 premature deaths, generally lung cancer (54,000) and CV (349,000) 
deaths, attributable to shipping-related fine PM.

• 14 million cases of childhood asthma per year.

Sofiev et al (2018) Nature Communications 9:406 Viana et al (2014) Atmospheric Environment 90:96
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The contribution of shipping to UFPM

• 65-70% of PNC of up to 50,000 particles/cm3 attributed to shipping 
when wind was blowing towards coast.  Gonzales et al (2011) Atmospheric Environment 45(28) 

• Similarly in Cork, Ireland, up to 212,000 particles/cm3.  Healy et al (2009) Atmospheric 

Environment 43(40)

• Near port of LA, port-related activities (shipping, train/road haulage) 
contributed 11x more PM mass and 38x more PM number than non-
port roads. Mousavi et al (2018) Atmospheric Environment 195

• 50 m from hotelling ships in Italy, 50% of the particles by number, but 
much less by mass, come from ship emissions.  Merico et al (2016) Atmospheric Environment 139

• Ship ultrafine PM also travel long distances – make up 19% of particle 
number up to 60km from Danish shipping lane, and increase PC from 
2,000 → 20,000 particles/cm3 20km away from Calais Kivekas et al (2014) Atmospheric 

Chemistry and Physics 14, Ledoux et al (2018) Journal of Environmental Sciences 71
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Within SECA (and all EU ports) – 0.1% sulphur OR HFO with exhaust cleaning

Outside SECA – 3.5% suphur (0.5% in 2020) 11



1,700,000 cruise ship passengers per year 820,000 road vehicle imports/exports per year

20,000,000 tons of crude oil per year at Fawley 1,500,000 shipping containers per year 12
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Future Work

• Mechanistic toxicology 
• Different cell types

• Alternative endpoints

• Source apportionment to determine impact of ship emissions on 
airborne PM across Southampton

• More spatially resolved monitoring of ship emissions across the 
Southampton area
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Thank you!
Any Questions?
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