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Starting point…



AQG 2005

• Narrative reviews

• Expert opinion

• Inclusive of epidemiology, in-vivo and in-vitro 
toxicology, human chamber studies

• Inclusive of most mortality and morbidity endpoints

• No clear protocols for reviews and guideline 
development



What’s new – since
2005?

• A Tsunami of new studies

• EPA ISAs CO (2010), NO2 (2016), SO2 (2017), PM (2019), O3 (2020)

• WHO REVIHAAP 2013

• GBD Exposure-Response function 2014

• WHO Guideline Development Handbook (2014)



Strength of evidence on health effects 
of PM2.5, NO2 and O3

Outcome PM2.5 NO2 O3

LT ST LT ST LT ST

Mortality C C S S S Lc/S

Cardiovascular Effects C C S S S Lc/S

Respiratory Effects Lc Lc Lc C C C

Cancer Lc/1 --- S --- Lc ---

Nervous System Lc S --- --- S S

C – causal
Lc – likely causal
S – suggestive for causal

1 Group 1 carcinogen (Lung Cancer), IARC 2013 

Systematic reviews: 

for PM2.5   US EPA 2019

for NO2: US EPA 2016 

for O3 US EPA  2013/2019013

ST: short-term, LT: Long-term

Courtesy of Jason Sacks 



Timeline of the Revision process
(2015-2021)

• Fall 2015: Scoping meeting

• 2016: Selection of pollutant-outcome pairs

• 2017: Systematic Reviews commissioned

• 2019: GDG review of Systematic Reviews, 
adaptation of GRADE

• 2020: From evidence to guidelines; guideline 
development, external review

• Spring 2021: Final report reviewed by WHO GRC

• September 2021: publication of AQG 2021



Pollutant outcome pairs –
evidence for causality and/or 
public health relevance

• Long-term PM2.5, PM10 & mortality (12 pairs)

• Long-term NO2, O3 & mortality (8 pairs)

• Short-term PM2.5, PM10, NO2, O3, SO2 & mortality (15 
pairs)

• Short-term NO2, O3, SO2 & asthma admissions (6 pairs)

• Short-term CO & MI admissions (1 pair)

• A TOTAL OF 42 POLLUTANT-OUTCOME PAIRS REVIEWED



WHO statement in 2016

• WHO uses the GRADE (Grading of 
Recommendations, Assessment, 
Development and Evaluation) 
approach to assess the quality of a 
body of evidence, develop and report 
recommendations. GRADE methods 
are used by WHO because these 
represent internationally agreed 
standards for making transparent 
recommendations. 



Grades of Recommendation Assessment, 
Development and Evaluation

www.gradeworkinggroup.org

2008 BMJ series 

2011 JCE series

Certainty of evidence assessed with modified GRADE tool 
(“Grading of Recommendations Assessment, Development and 
Evaluation”)

http://www.gradeworkinggroup.org/


Environmental health and clinical medicine 
are two different disciplines

Clinical medicine

• Evaluation of patients’ benefit 
(positive effects)

• Worry about false positive

• Exposure is well defined

• Human studies

Environmental Health

• Evaluation of population 
risk (negative effects)

• Worry about false 
negative

• Exposure is estimated

• Human, animal, in vitro 
studies

• Susceptible groups
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From Evidence to Recommendations

• Deciding above which pollutant concentration level significant 
adverse effects on health occur

• Separate approach for long-term and short-term concentration levels



PM2.5

REFERENCE MEAN SD

M-

1.645*SD P5 HR LCL UCL

(Pinault 16) 5.9 3 1.26 1.19 1.34

(Cakmak) 6.5 2 3.2 3.2 1.16 1.08 1.25

(Pinault 17) 7.1 3.5 1.18 1.15 1.21

(Weich.) 9.5 1.7 6.7 6.7 0.95 0.76 1.19

(Villeneuve) 9.5 3.5 3.7 4.8 1.12 1.05 1.2

(Di) 11.5 2.9 6.7 7.1 1.08 1.08 1.09

(Hart) 12.0 2.8 7.8 1.13 1.05 1.22

Low-level PM2.5 studies



1987 2000 2006

• Comprehensive assessment of the evidence

• Robust public health recommendations

• Support informed decision-making

• Intended for worldwide use

WHO Air Quality Guidelines (AQG):
New levels will be substantially lower for PM2.5 and NO2

Pollutant Averaging time 2005 AQG 

value

PM2.5

PM10

1 year

24 hour (99th

percentile)

1 year

24 hour 99th

percentile)

10 µg/m3

25 µg/m3

20 µg/m3

50 µg/m3

O3 8 hour, daily max 100 µg/m3

NO2 1 year

1 hour

40 µg/m3

200 µg/m3

SO2 24 hour

10 minute

20 µg/m3

500 µg/m3

Levels recommended to be achieved 

everywhere in order to significantly reduce 

the adverse health effects of air pollution

?
2021



EU Ambient Air Quality Directive (AAQD)

Pollutant Averaging time Limit value

PM2.5

PM10

3 year

1 year

24 hour

25 µg/m3

40 µg/m3

50 µg/m3

O3 8 hour, daily max 120 µg/m3

NO2 1 year

1 hour

40 µg/m3

200 µg/m3

SO2 24 hour

1 hour

125 µg/m3

350 µg/m3

2005 WHO Guidelines  and EU Ambient Air Quality Directive

Pollutant Averaging time Guideline value

PM2.5

PM10

1 year

24 hour (99th

percentile)

1 year

24 hour 99th

percentile)

10 µg/m3

25 µg/m3

20 µg/m3

50 µg/m3

O3 8 hour, daily max 100 µg/m3

NO2 1 year

1 hour

40 µg/m3

200 µg/m3

SO2 24 hour

10 minute

20 µg/m3

500 µg/m3

2005 WHO Guidelines 2021

5 µg/m3

10µg/m3

60 µg/m3 peak seasonO3 long-term
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