
Air Pollution Regulations:
The Health Perspective

Dr Matt Loxham
Faculty of Medicine

University of Southampton
m.loxham@soton.ac.uk



Health Effects of Air Pollution

2

Royal College of Physicians (2016) Every Breath We Take



UK Emissions Legislation

• 1853 – Smoke Nuisance (Abatement) Act

• 1863 + 1874 – Alkali Act
• Designed to reduce HCl emissions from industry

• 1956 + 1968 – Clean Air Act
• Designed to reduce smoke emissions
• Grants to householders to switch to cleaner fuels
• Allowed (mandated) clean air zones



EU Pollution Legislation
• 1980: Directive on air quality limit values and guide values for SO2 and PM (80/779/EEC)
• 1982: Directive on limit values for lead in the air (82/884/EEC)
• 1985: Directive on air quality standards for NO2 (85/203/EEC)
• 1988: Directive limiting emissions of certain pollutants into the air fro large combustion plants 

(88/609/EEC)
• 1992: Directive on air pollution by ozone (92/72/EEC)
• 1996: Council Directive concerning integrated pollution prevention and control (96/61/EC)
• 1996: The Ambient Air Quality Assessment and Management Directive (96/62/EC)
• 1999: 1st Daughter Directive AQ limit for SO2, NO2, NOX, PM and lead (1999/30/EC)
• 2000: 2nd Daughter Directive relating to CO and benzene (2000/69/EC)
• 2001: Directive on the limitation of emissions of certain pollutants into the air from large 

combustion plants (2001/80/EC)
• 2002: 3rd Daughter Directive relating to O3 in ambient air (2002/3/EC)
• 2004: 4th Daughter Directive relating to As, Ni, PAH in ambient air (2004/107/EC)
• 2008: Directive of the European parliament and of the council on ambient air quality and cleaner 

air for Europe (2008/50/EC)





Currently Regulated Species
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Kuklinska et al (2015) Atmos Poll Res 6:129

Air Quality Guidelines Vary



PM2.5

1. PM = Particulate Matter - airborne dust

2. Under 2.5 µm in aerodynamic diameter

3. Predominantly from combustion sources

4. Most closely linked to health effects of all the 
pollutant species



Air Quality Guidelines Vary

Nemmar et al (2013) Biomed Res Int 279371



WHO (2006)
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Relative Risk (RR)

𝑅𝑅𝑅𝑅 =
𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑛𝑛𝑛𝑛𝑛𝑛 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

e.g. if 10% of people develop lung cancer when exposed 
to 1mg/m3 PM2.5, and 8% develop lung cancer where 
there is no air pollution:

𝑅𝑅𝑅𝑅 =
0.1

0.08
= 1.25 (or a 25% greater risk)

Numbers in brackets – 1.25 (1.10-1.60) indicate the range 
of 95% confidence







Pope et al (2002) JAMA 287(9):1132-1141



Pope et al (2002) JAMA 287(9):1132-1141





UK AQ Index

COMEAP (2011) Review of the UK Air Quality Index



AQ Advice

Index Banding “At Risk” General Population

Low Enjoy usual outdoor
activities

Enjoy usual outdoor
activities

Moderate Those with lung/heart 
problems who experience 
symptoms should reduce 
strenuous activity esp
outdoors

Enjoy usual outdoor
activities

High Reduce strenuous 
extertion, esp outdoors.  
More mediation may be 
necessary

Reduce strenuous 
exercise outdoors if 
discomfort experienced

Very High Avoid strenuous activity Reduce physical exertion

COMEAP (2011) Review of the UK Air Quality Index



London Background

London Roadside

COMEAP (2011) Review of the UK Air Quality Index



Extending the Data

Burnett et al (2014) Environmental Health Perspectives 122(4):397



RRs in Context

All Cause Cardiopulmo
nary

Lung Cancer

PM2.5 (per 10µg/m3) 1.04 1.06 1.08

Pope et al (2002) JAMA 287(9):1132-1141
Calle et al (1999) N Engl J Med 341:1097-1105

Average smoker 
(22/day over 33.5 
years)

2.58 (all cause) 2.89 
(cardiopulmonary)

14.80 (lung cancer)

BMI (all cause) 1.09 (26.5-28) 1.32 (30-32) 2.58 (>40)

Alcohol intake (all 
cause)

1.10 (15-21 units) 1.22 (22-34 units) 1.25 (>35 units)





Do AQ Limits Protect Us?

Int Panis et al. Environmental Health (2017) 16:60



Mortality Relative Risk per 10 µg/m3

PM2.5

All cause 1.06 (1.02-1.11)

Cardiopulmonary 1.09 (1.03-1.16)

Lung cancer 1.08 (1.01-1.16)

COMEAP (2009) Long-Term Exposure to Air Pollution: Effect on Mortality

How Certain are we of the 
Evidence?
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