
Particulate matter (PM2.5 and PM10), 
ozone, nitrogen dioxide, sulfur dioxide 
and carbon monoxide

WHO global 
air quality 
guidelines 





Particulate matter (PM2.5 and PM10), 
ozone, nitrogen dioxide, sulfur dioxide 
and carbon monoxide

WHO global 
air quality 
guidelines 



 
WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, nitrogen dioxide,  
sulfur dioxide and carbon monoxide.

ISBN 9789240034228 (electronic version)

ISBN 9789240034211 (print version)

© World Health Organization 2021

Some rights reserved. This work is available under the Creative Commons Attribution-NonCommercial-

ShareAlike 3.0 IGO licence (CC BYNCSA 3.0 IGO ; https://creativecommons.org/licenses/by-nc-sa/3.0/igo).

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial purposes, 
provided the work is appropriately cited, as indicated below. In any use of this work, there should be no 
suggestion that WHO endorses any specific organization, products or services. The use of the WHO logo 
is not permitted. If you adapt the work, then you must license your work under the same or equivalent 
Creative Commons licence. If you create a translation of this work, you should add the following disclaimer 
along with the suggested citation : “This translation was not created by the World Health Organization 
WHO. WHO is not responsible for the content or accuracy of this translation. The original English edition 
shall be the binding and authentic edition”.

Any mediation relating to disputes arising under the licence shall be conducted in accordance with the 
mediation rules of the World Intellectual Property Organization . (http://www.wipo.int/amc/en/mediation/
rules/)

Suggested citation. WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, 
nitrogen dioxide, sulfur dioxide and carbon monoxide. Geneva: World Health Organization; 2021. Licence:  
CC BYNCSA 3.0 IGO.

Cataloguing-in-Publication (CIP data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders. To submit 
requests for commercial use and queries on rights and licensing, see http://www.who.int/about/licensing.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, such 
as tables, figures or images, it is your responsibility to determine whether permission is needed for that 
reuse and to obtain permission from the copyright holder. The risk of claims resulting from infringement of 
any third-party-owned component in the work rests solely with the user.

General disclaimers. The designations employed and the presentation of the material in this publication 
do not imply the expression of any opinion whatsoever on the part of WHO concerning the legal status 
of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or 
boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not 
yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are 
endorsed or recommended by WHO in preference to others of a similar nature that are not mentioned. 
Errors and omissions excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this publication. 
However, the published material is being distributed without warranty of any kind, either expressed or 
implied. The responsibility for the interpretation and use of the material lies with the reader. In no event 
shall WHO be liable for damages arising from its use. 

Cover image: Pellegrini

https://creativecommons.org/licenses/by-nc-sa/3.0/igo
http://www.wipo.int/amc/en/mediation/rules/
http://www.wipo.int/amc/en/mediation/rules/
https://creativecommons.org/licenses/by-nc-sa/3.0/igo/
http://apps.who.int/iris/
http://apps.who.int/bookorders
http://www.who.int/about/licensing


Foreword ..................................................................................................................................v

Acknowledgements ................................................................................................................ vi

Glossary ................................................................................................................................... ix

Abbreviations ......................................................................................................................... xii

Executive summary .............................................................................................................. xiv

1. Introduction ................................................................................................................ 1

1.1 Objectives of the guidelines ......................................................................................3

1.2 Target audience .........................................................................................................4

1.3 Background and rationale for updated guidelines ..................................................4

1.4 WHO guidelines relating to air quality .................................................................... 21

2. Guideline development process  .............................................................................25

2.1  Introduction .............................................................................................................26

2.2 Groups involved in and general procedures of guideline development .............27

2.3 Determining the scope of the guidelines and formulation of review questions .......30

2.4 Systematic review of the evidence ...................................................................... 49

2.5 From evidence to recommendations .....................................................................58

3. Recommendations on classical air pollutants  ........................................................73

3.1  Introduction .............................................................................................................74

3.2 PM2.5 ........................................................................................................................74

3.3 PM10 .........................................................................................................................89

3.4 Ozone.......................................................................................................................97

3.5 Nitrogen dioxide ..................................................................................................... 111

3.6 Sulfur dioxide ........................................................................................................ 125

3.7 Carbon monoxide ..................................................................................................130

3.8 Summary of recommended air quality guideline levels and interim targets ....134

3.9 Supporting burden of disease calculations ........................................................139

4. Good practice statements about other PM types ..................................................143

4.1 Introduction  ...........................................................................................................144

4.2 Black carbon/elemental carbon ...........................................................................144

4.3 Ultrafine particles .................................................................................................149

4.4 Sand and dust storms ..........................................................................................152

iii

Contents



5. Dissemination of the guidelines  ............................................................................165

5.1 Tools and approaches to raise awareness of the guidelines .............................166

5.2 Risk communication .............................................................................................. 167

5.3 Advocacy and engagement of stakeholders ......................................................168

6. Implementation of the guidelines  .........................................................................169

6.1 Significance of the guidelines: an evidence-informed decision support tool .. 170

6.2 Assessment of national needs and capacity-building ....................................... 172

6.3 Moving from guidelines to air quality standards ................................................ 173

6.4 Air quality management ....................................................................................... 178

6.5 Methodological guidance for health risk assessment of air pollution ..............182

6.6 Role of the health sector ......................................................................................185

6.7 Intersectoral and multistakeholder cooperation ................................................186

7. Monitoring and evaluation of the guidelines ..........................................................189

7.1 Tracking the implementation of the guidelines ....................................................192

7.2 Assessing population exposure to ambient pollution .........................................192

7.3 Health benefits from implementation of the guidelines .....................................193

8. Future research needs ...........................................................................................195

9. Updating the guidelines .........................................................................................199

References .................................................................................................................201

Annex 1. Groups engaged during the development of the guidelines ......................225

Annex 2. Assessment of conflict of interest .............................................................241

Annex 3. Summaries of systematic reviews of evidence informing the air  
quality guideline levels ............................................................................................. 245

iv



Foreword
Clean air is fundamental to health.  Compared to 15 years ago, when the previous edition 
of these guidelines was published, there is now a much stronger body of evidence to 
show how air pollution affects different aspects of health at even lower concentrations 
than previously understood. But here’s what hasn’t changed: every year, exposure to 
air pollution is still estimated to cause millions of deaths and the loss of healthy years  
of life. The burden of disease attributable to air pollution is now estimated to be on  
a par with other major global health risks such as unhealthy diets and tobacco smoking.

In 2015, the World Health Assembly adopted a landmark resolution on air quality and  
health, recognizing air pollution as a risk factor for noncommunicable diseases such 
as ischaemic heart disease, stroke, chronic obstructive pulmonary disease, asthma 
and cancer, and the economic toll they take. The global nature of the challenge calls 
for an enhanced global response. 

These guidelines, taking into account the latest body of evidence on the health impacts 
of different air pollutants, are a key step in that global response. The next step is for 
policy-makers around the world to use these guidelines to inform evidence-based 
legislation and policies to improve air quality and reduce the unacceptable health 
burden that results from air pollution. 

We are immensely grateful to all the scientists, colleagues and partners around 
the world who have contributed time and resources to the development of these  
guidelines. As with all WHO guidelines, a global group of experts has derived the 
new recommendations based on a robust and comprehensive review of the scientific 
literature, while adhering to a rigorously defined methodology. This process was 
overseen by a steering group hosted and coordinated by the WHO European Centre 
for Environment and Health.

Although the burden of air pollution is heterogeneous, its impact is ubiquitous.  
These guidelines come at a time of unprecedented challenges, in the face of the  
ongoing COVID19 pandemic and the existential threat of climate change. Addressing 
air pollution will contribute to, and benefit from, the global fight against climate  
change, and must be a key part of the global recovery, as prescribed by the WHO 
Manifesto for a healthy recovery from COVID19.

A guideline is just a tool. What matters is that countries and partners use it to improve 
air quality and health globally. The health sector must play a key role in monitoring 
health risks from air pollution, synthesizing the evidence, providing the tools and 
resources to support decision-making, and raising awareness of the impacts of air 
pollution on health and the available policy options. But this is not a job for one sector 
alone; it will take sustained political commitment and bold action and cooperation 
from many sectors and stakeholders. The payoff is cleaner air and better health for 
generations to come.

Dr Tedros Adhanom Ghebreyesus
WHO Director-General

Dr Hans Henri P. Kluge
WHO Regional Director for Europe
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