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Air pollution – facts and figures

World-wide:

3 - 7 million deaths per year

Responsible for 6% of all deaths globally

Scotland:

2,100 – 3,500 deaths per year

Responsible for 3.9% of deaths of people over the ages of 25

Cost of £1.6 billion to Scottish economy per year 

UK:

29,000 – 52,000 deaths per year

Associated with £54 billion cost to UK economy annually

Reduces average life expectancy by 8 months

Europe:

400,000 premature deaths per year

Exposure to airborne particles reduce life expectancy by 1 year



Air pollution as a risk factor for disease

The world-wide effects of air pollution are considerable

MORTALITY: 800,000 - 7 million deaths per year

MORBIDITY loss of more 5 million work days per year

Cohen et al. 2017. Lancet 389: 1907-18



Air pollution and the cardiovascular system

- How does pollution cause cardiovascular effects?

- Which components of air pollution are 

responsible?

• Underlying cause for link unknown.

• Long term exposure to air pollution linked to 

heart disease

• Short term exposure to air pollution linked to 

heart attacks



What is air pollution?

Particles

Gases

Volatile

Liquids

organic 
species

reactive 
metals

The link between air pollution and 

cardiovascular disease is greatest 

for the particles in air pollution



PM10 is measured as the mass of particles

with an aerodynamic diameter of 10 μm or less

0.5 μm

(μm)    

“Coarse” (PM10):    <10.0

“Fine” (PM2.5) <2.5  
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Figure 5-20 Estimated Annual UK Emissions of PM2.5 (kt), 1992 – 2014. 
Source: NAEI 

 

5.5 Benzene 

5.5.1 Benzene: Spatial Distribution 

Benzene is found in petrol and in vehicle emissions, therefore elevated levels 

may be expected at roadside locations. 

Figure 5-21 shows modelled annual mean benzene concentrations at 

roadside locations in 2015. Figure 5-22 shows the modelled annual mean 

background concentrations of benzene in 2015. Modelled background 

concentrations were below 0.5 µg m-3 over most of the UK, with marginally 

higher concentrations for most urban areas. A few small areas, for example in 

the Midlands and Humberside, had concentrations in excess of 1 µg m-3. 

However, background concentrations everywhere are well below the limit 

value of 5 µg m-3 for benzene.  
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Ultrafine particles / Nanoparticles
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• Diesel engine exhaust rich in nanoparticles

• Mass vs surface area

• Believed to be especially harmful



Controlled exposure to dilute diesel exhaust



Blood vessel relaxation
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Blood Clotting
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Cardiac Ischaemia
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Effects of air pollution around the body

Neurodegenerative 
Diseases

Olfactory deficits

Stroke

Impaired cognition
Alteredbehaviour

Liver toxicity

Renal Disease

Metabolic syndrome 
& Diabetes

Depression

Decreased Fertility

Peripheral artery 
disease

Autoimmune 
rheumatic diseases

Cardiovascular 
disease

Stem cell alterations Asthma
COPD

Respiratory infection
Lung cancer

Premature birth

Detrimental health 
effects in offspring

Pre-eclampsia

Low birth weights

Epigenetic changes



Biological mechanisms for the cardiovascular 

effects of air pollution

Air pollution lungs

cardiovascular 

disease



Do particles move (‘translocate’) into the blood?

air spaces in the lung

blood vessels 

in the lung

lung 

tissue

• How inhaled particles cause effects 

elsewhere in the body?

• Several different theories

• Can nano-particles cross into the blood 

and by carried around the body?

• Measuring carbon nanoparticles in the 

body is difficult

Why use gold?

• Size similar to particles in diesel exhaust

• Non-harmful

• Specialised techniques to measure very low levels



Tracking inhaled gold nanoparticles

• 2-hour inhalation of gold 
nanoparticles during intermittent 
exercise

• Blood samples from 15 min – 24h   
&   3 months

• 24-h urine collection
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Gold nanoparticles accumulate

at areas of vascular disease

• Patients with a history of stroke

• Inhalation of gold nanoparticles the day prior to 
surgery

• Atherosclerotic plaques removed from the major 
artery of the neck
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• Animal studies allow us to look 
at the biology more closely

• Administration of gold particles 
to the lung

• Look for gold in different blood 
vessels



Exhaust particle traps

• There is still a need for alternative strategies to tackle vehicle emissions

But……       Efficiency?        Driving speed?          Lifespan?           Co-pollutants?

• Use of ‘particle traps’ on exhausts of modern cars decreases particulate emissions



Fuel additives

• Addition of additives to fuel to make combustion more efficient

Cassee et al. 2012.  Environ Res 115:1-10.

	

• 4 weeks inhalation

• mouse model of atherosclerosis

Lesion size
(histological analysis of serial

sections of barchiocephalic artery)
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Summary

• Air pollution is responsible for many millions of premature 
deaths worldwide per year

• Diesel fumes harm the cardiovascular system in multiple ways

• Nanoparticles can enter the blood and reach areas of disease

• Removing the particles from vehicle exhaust reduces the 
harm to the cardiovascular system

• Adoption of electric vehicles is likely to make a major impact 
on reducing the health effects of air pollution
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