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First some history!

• The first WHO Guidelines for NO2 were published 
in 2000

• Short term 1-hour guideline 200 ug/m3

• Annual average guideline 40 ug/m3 

• Unchanged since then

• Both values incorporated in EU Directives 
1999/30/EC and Directive 2008/50/EC

• The 1-hour LV not to be exceeded more than 18 
times in a calendar year 
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NO2, health and the Limit Values
• Annual LV based on WHO Guideline (2000)

• WHO Guideline used IPCS Environmental 
Health Criteria report (1997)

• Based on meta-analysis of 9 indoor studies

• 4 studies measured NO2 by Palmes tubes

• 5 studies used ‘gas or electric stoves?’ as the 
only exposure measure

• The IPCS report stated “On the basis of a 
background level of 15 μg/m3 and the fact that 
significant adverse health effects occur with an 
additional level of 28.2 μg/m3 or more, an 
annual guideline of 40 μg/m3 is proposed.”
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WHO, AQ Guidelines 2000
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WHO AQ Guidelines 2000 (2)
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The EU CAFE process asked WHO ‘What is the basis for 

maintaining the WHO annual specific guideline for NO2?

• WHO response :

- “Uncertainty remains over the significance of NO2 as a 
pollutant with a direct impact on human health at current 
ambient air concentrations in the European Union, and there 
is still no firm basis for selecting a particular 
concentration as a long-term guideline for NO2.” 

- “In recent studies....NO2 has been associated with adverse 
effects even when the annual mean is within a range that 
includes 40µg/m3. However we are unable to establish an 
alternative AQG from these studies. We therefore 
recommend that the WHO AQG should be retained or 
lowered.” 
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• WHO further response:
– - “We have been asked to comment on our 

confidence in this guideline. Our reply is that it 

remains difficult to provide solid scientific 

support for the numerical value of the 

guideline. There still is no robust basis for 

setting an annual average guideline value for 

NO2 through any direct toxic effect.”
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WHO Global Update 2005

• “In population studies, NO2 has been associated 
with adverse health effects even when the 
annual average concentration complied with 
the WHO annual average guideline of 40 µg/m3. 

• “These results (with indoor studies) suggest a 
lowering of the annual average guideline.”

• “However since NO2 is...highly correlated with 
other primary and secondary combustion 
products, it is unclear to what extent the health 
effects  observed in epi studies are attributable 
to NO2 itself or to other correlated pollutants.” 
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WHO REVIHAAP Review 2013
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New evidence – time series studies
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HRAPIE Quantification for NO2

Mortality
Pollutant Metric Health Outcome Relative Risk (95% CI 

per 10 ug/m3)
Comments

NO2 daily maximum 
1-hour mean

All cause mortality 1.0027
(1.0016-1.0038)

NO2 Annual Mean All cause mortality 1.055
(1.031-1.080)

>20 ug/m3 , up to 
33% overlap with 
PM2.5
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The US Federal Approach to NO2
• The Primary National Ambient Air Quality Standard 

was first set in 1971 as an annual average
• In two subsequent reviews it has not been changed
• It is considerably less stringent than the EU/WHO 

value at 101 µg/m3 (in US law it is 0.053ppm; conversion at 20C)

• On 22 January 2010 the EPA introduced an hourly 
standard of 100ppb assessed as the 3-year average 
of the 98th%ile of hourly values

• Numerically the same as the EU/WHO hourly LV but 
less stringent (EU LV allows 18 hours exceedence – a 
98th %ile of hours allows 175 exceedences)

• But US now require roadside monitoring to assess 
compliance. 
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US Integrated Science Assessment views have 
strengthened on health evidence
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Thank you!

• Thanks to Dr Heather Walton and other 
colleagues at King’s College London for help in 
preparing this talk
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