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Executive summary 
The main objective of these updated global guidelines is to offer health-based air quality 
guideline levels, expressed as long- or short-term concentrations, for six key air pollutants: 
PM2.5, PM10, ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide. In addition, the 
guidelines provide interim targets to guide reduction efforts for these pollutants, as well as 
good practice statements for the management of certain types of PM (i.e. black 
carbon/elemental carbon, ultrafine particles, and particles originating from sand and dust 
storms). These guidelines are not legally binding standards; however, they provide WHO 
Member States with an evidence-informed tool they can use to inform legislation and policy. 
Ultimately, the goal of these guidelines is to help reduce levels of air pollutants in order to 
decrease the enormous health burden resulting from exposure to air pollution worldwide. 

Compared with previous WHO guidelines, these guidelines: 

• use new methods for evidence synthesis and guideline development; 
• reinforce previous evidence on the adverse health effects of air pollution; and 
• provide evidence of adverse health effects from air pollution at lower levels 

than previously known. 

The guidelines are a critical tool for the following three main groups of users:  

• policy-makers, lawmakers and technical experts at the local, national and 
international levels who are responsible for developing and implementing 
regulations and standards for air quality, air pollution control, urban planning 
and other policy areas;  

• national and local authorities and nongovernmental organizations, civil society 
organizations and advocacy groups such as patients, citizen groups, industrial 
stakeholders and environmental organizations; and 

• academics, health and environmental impact assessment practitioners, and 
researchers in the broad field of air pollution. 

The full publication of the guidelines can be downloaded here: [URL TO BE ADDED] 
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Executive summary 

The global burden of disease associated with air pollution exposure exacts a massive toll on 
human health worldwide: exposure to air pollution is estimated to cause millions of deaths 
and lost years of healthy life annually. 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 diet and 
tobacco smoking, and air pollution is now recognized as the single biggest environmental 
threat to human health. 

Despite some notable improvements in air quality, the global toll in deaths and lost years of 
healthy life has barely declined since the 1990s. While air quality has markedly improved in 
high-income countries over this period, it has generally deteriorated in most low- and 
middle-income countries, in step with large-scale urbanization and economic development. 
In addition, the global prevalence of noncommunicable diseases (NCDs) as a result of 
population ageing and lifestyle changes has grown rapidly, and NCDs are now the leading 
causes of death and disability worldwide. NCDs comprise a broad range of diseases affecting 
the cardiovascular, neurological, respiratory and other organ systems. Air pollution increases 
morbidity and mortality from cardiovascular and respiratory disease and from lung cancer, 
with increasing evidence of effects on other organ systems. The burden of disease resulting 
from air pollution also imposes a significant economic burden. As a result, governments 
worldwide are seeking to improve air quality and reduce the public health burden and costs 
associated with air pollution. 

Since 1987, WHO has periodically issued health-based air quality guidelines to assist 
governments and civil society to reduce human exposure to air pollution and its adverse 
effects. The WHO air quality guidelines were last published in 2006. Air quality guidelines – 
global update 2005. Particulate matter, ozone, nitrogen dioxide and sulfur dioxide (WHO 
Regional Office for Europe, 2006) provided health-based guideline levels for the major 
health-damaging air pollutants, including particulate matter (PM),1 ozone (O3), nitrogen 
dioxide (NO2) and sulfur dioxide (SO2). The Global update 20052 have had a significant 
impact on pollution abatement policies all over the world. Their publication led to the first 
universal frame of reference.  

In various ways, these guidelines have stimulated authorities and civil society alike to 
increase efforts to control and study harmful air pollution exposures. In response to this 
growing awareness, the Sixty-eighth World Health Assembly adopted resolution WHA68.8, 
Health and the environment: addressing the health impact of air pollution, which was 
endorsed by 194 Member States in 2015 (WHO, 2015). This resolution stated the need to 
redouble efforts to protect populations from the health risks posed by air pollution. In 
addition, the United Nations (UN) Sustainable Development Goals (SDGs) were designed to 
address the public health threat posed by air pollution via specific targets to reduce air 
pollution exposure and the disease burden from household and ambient exposure. 

More than 15 years have passed since the publication of Global update 2005. In that time 
there has been a marked increase in evidence on the adverse health effects of air pollution, 
built on advances in air pollution measurement and exposure assessment and an expanded 
                                                           

1 That is, PM2.5 (particles with an aerodynamic diameter of ≤ 2.5 μm) and PM10 (particles with an aerodynamic 
diameter of ≤ 10 μm). 
2 Air quality guidelines – global update 2005. Particulate matter, ozone, nitrogen dioxide and sulfur dioxide. 



global database of air pollution measurements (discussed in Chapter 1). New 
epidemiological studies have documented the adverse health effects of exposure to high 
levels of air pollution in low- and middle-income countries, and studies in high-income 
countries with relatively clean air have reported adverse effects at much lower levels than 
had previously been studied. 

In view of the many scientific advances and the global role played by the WHO air quality 
guidelines, this update was begun in 2016. 

 

Objectives 

The overall objective of the updated global guidelines is to offer quantitative health-based 
recommendations for air quality management, expressed as long- or short-term 
concentrations for a number of key air pollutants. Exceedance of the air quality guideline 
(AQG) levels is associated with important risks to public health. These guidelines are not 
legally binding standards; however, they do provide WHO Member States with an evidence-
informed tool that they can use to inform legislation and policy. Ultimately, the goal of these 
guidelines is to provide guidance to help reduce levels of air pollutants in order to decrease 
the enormous health burden resulting from exposure to air pollution worldwide. 

Specific objectives are the following. 

• Provide evidence-informed recommendations in the form of AQG levels, including 
an indication of the shape of the concentration–response function in relation to 
critical health outcomes, for PM2.5, PM10, ozone, nitrogen dioxide, sulfur dioxide 
and carbon monoxide for relevant averaging times. These pollutants were chosen 
because of their worldwide importance. However, this choice does not imply that 
other air pollutants are irrelevant. 

• Provide interim targets to guide reduction efforts towards the ultimate and timely 
achievement of the AQG levels for countries that substantially exceed these levels. 

• Provide qualitative statements on good practices for the management of certain 
types of PM (i.e. black carbon or elemental carbon (BC/EC),3 ultrafine particles 
(UFP), 4and particles originating from sand and dust storms (SDS)) for which the 
available information is insufficient to derive AQG levels but indicates risk. 

 

Methods used to develop the guidelines 

The guidelines were formulated by following a rigorous process involving several groups 
with defined roles and responsibilities (Chapter 2). In particular, the different steps in the 
development of the AQG levels included: 

• a determination of the scope of the guidelines and formulation of systematic 
review questions; 

• a systematic review of the evidence and meta-analyses of quantitative effect 
estimates to inform updating of the AQG levels; 

                                                           

3 An indicator of airborne soot-like carbon. 
4 That is, particles with an aerodynamic diameter of of ≤ 0.1 μm. 



• an assessment of the level of certainty of the bodies of evidence resulting from 
systematic reviews for the pollutants; and 

• the identification of AQG levels, that is, the lowest levels of exposure for which 
there is evidence of adverse health effects. 

 

In addition, the 2005 air quality interim targets were updated to guide the implementation 
of the new AQG levels, and good practice statements were formulated to support the 
management of the specific types of PM of concern. Interim targets are air pollutant levels 
that are higher than the AQG levels, but which authorities in highly polluted areas can use to 
develop pollution reduction policies that are achievable within realistic time frames. 
Therefore, the interim targets should be regarded as steps towards the ultimate 
achievement of AQG levels in the future, rather than as end targets. The number and 
numerical values of the interim targets are pollutant specific, and are justified in the 
relevant sections of Chapter 3. 

The process and methods for developing these guidelines are described in detail in 
Chapter 2. The systematic reviews that informed the formulation of AQG levels and other 
related evidence discussed during the process are available in a special issue of Environment 
International, entitled Update of the WHO global air quality guidelines: systematic reviews 
(Whaley et al., 2021). 

 

Recommendations on classical air pollutants 

In this guideline update, recommendations on AQG levels are formulated, together with 
interim targets, for the following pollutants: PM2.5, PM10, ozone, nitrogen dioxide, sulfur 
dioxide and carbon monoxide (Table 0.1). The evidence-informed derivation of each AQG 
level and an indication of the reduction in health risk associated with the achievement of 
consecutive interim targets can be found in Chapter 3. Only evidence assessed as having 
high or moderate certainty of an association between a pollutant and a specific health 
outcome was used to define the recommended AQG levels, and all recommendations are 
classified as strong according to the adapted Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach (discussed in Chapter 2). 

 

Table 0.1. Recommended AQG levels and interim targets 

Pollutant Averaging time 
Interim target 

AQG level 
1 2 3 4 

PM2.5, µg/m3 Annual 35 25 15 10 5 

24-houra 75 50 37.5 25 15 

PM10, µg/m3 Annual 70 50 30 20 15 

24-houra 150 100 75 50 45 

Okomentoval(a): [AC1]:  TS note: merged cells in column 
1 



O3, µg/m3 Peak seasonb 100 70 – – 60 

8-houra 160 120 – – 100 

NO2, µg/m3 Annual 40 30 20 – 10 

24-houra 120 50 – – 25 

SO2, µg/m3 24-houra 125 50 – – 40 

CO, mg/m3 24-houra 7 – – – 4 

a 99th percentile (i.e. 3–4 exceedance days per year). 
b Average of daily maximum 8-hour mean O3 concentration in the six consecutive months 

with the highest six-month running-average O3 concentration. 
 

It is important to note that the air quality guidelines recommended in previous WHO air 
quality guidelines for pollutants and those averaging times not covered in this update 
remain valid. This includes the short averaging times for nitrogen dioxide, sulfur dioxide and 
carbon monoxide that were included in Global update 2005 and indoor air quality guidelines 
from 2010 (and not re-evaluated in this update). Table 0.2 shows existing air quality 
guidelines for nitrogen dioxide, sulfur dioxide and carbon monoxide with short averaging 
times. The reader is referred to previous volumes of air quality guidelines – Air quality 
guidelines for Europe (WHO Regional Office for Europe, 1987), Air quality guidelines for 
Europe, 2nd edition (WHO Regional Office for Europe, 2000a); and WHO guidelines for 
indoor air quality: selected pollutants (WHO Regional Office for Europe, 2010) – for other 
pollutants that are not covered in this 2021 update. 

 

Table 0.2. Air quality guidelines for nitrogen dioxide, sulfur dioxide and carbon monoxide (short 
averaging times) that were not re-evaluated and remain valid 

Pollutant Averaging time Air quality guidelines that remain valid 

NO2, µg/m3 1-hour 200 

SO2, µg/m3 10-minute 500 

CO, mg/m3 8-hour 10 

1-hour 35 

15-minute 100 

 

Good practice statements about other PM types 

As yet, insufficient data are available to provide recommendations for AQG levels and 
interim targets for specific types of PM, notably BC/EC, UFP and SDS. However, due to 
health concerns related to these pollutants, actions to enhance further research on their 



risks and approaches for mitigation are warranted. Good practice statements for these 
pollutants are summarized in Table 0.3. The full text of and rationales for the statements can 
be found in Chapter 4. 

 

Table 0.3. Summary of good practice statements 

PM type Good practice statements 

BC/EC 1. Make systematic measurements of black carbon and/or 
elemental carbon. Such measurements should not 
replace or reduce existing monitoring of those pollutants 
for which guidelines currently exist. 

2. Undertake the production of emission inventories, 
exposure assessments and source apportionment for 
BC/EC. 

3. Take measures to reduce BC/EC emissions from within 
the relevant jurisdiction and, where appropriate, develop 
standards (or targets) for ambient BC/EC concentrations. 

UFP 1. Quantify ambient UFP in terms of PNC for a size range 
with a lower limit of ≤ 10 nm and no restriction on the 
upper limit. 

2. Expand the common air quality monitoring strategy by 
integrating UFP monitoring into the existing air quality 
monitoring. Include size-segregated real-time PNC 
measurements at selected air monitoring stations in 
addition to and simultaneously with other airborne 
pollutants and characteristics of PM. 

3. Distinguish between low and high PNC to guide decisions 
on the priorities of UFP source emission control. Low PNC 
can be considered < 1 000 particles/cm3 (24-hour mean). 
High PNC can be considered > 10 000 particles/cm3 (24-
hour mean) or 20 000 particles/cm3 (1-hour mean). 

4. Utilize emerging science and technology to advance 
approaches to the assessment of exposure to UFP for 
their application in epidemiological studies and UFP 
management. 

SDS 1. Maintain suitable air quality management and dust 
forecasting programmes. These should include early 
warning systems and short-term air pollution action plans 
to alert the population to stay indoors and take personal 
measures to minimize exposure and subsequent short-
term health effects during SDS incidents with high levels 
of PM. 

2. Maintain suitable air quality monitoring programmes and 
reporting procedures, including source apportionment 
activities to quantify and characterize PM composition 
and the percentage contribution of SDS to the overall 



ambient concentration of PM. This will enable local 
authorities to target local PM emissions from 
anthropogenic and natural sources for reduction. 

3. Conduct epidemiological studies, including those 
addressing the long-term effects of SDS, and research 
activities aimed at better understanding the toxicity of 
the different types of PM. Such studies are especially 
recommended for areas where there is a lack of sufficient 
knowledge and information about the health risk due to 
frequent exposure to SDS. 

4. Implement wind erosion control through the carefully 
planned expansion of green spaces that considers and is 
adjusted to the contextual ecosystem conditions. This 
calls for regional collaboration among countries in the 
regions affected by SDS to combat desertification and 
carefully manage green areas. 

5. Clean the streets in those urban areas characterized by a 
relatively high population density and low rainfall to 
prevent resuspension by road traffic as a short-term 
measure after intense SDS episodes with high dust 
deposition rates. 

PNC: particle number concentration. 
 

The settings to which these guidelines apply 

The present guidelines are applicable to both outdoor and indoor environments globally. 
Thus, they cover all settings where people spend time. However, as in previous editions, 
these guidelines do not cover occupational settings, owing to the specific characteristics of 
the relevant exposures and risk reduction policies and to potential differences in population 
susceptibility of the adult workforce in comparison with the general population. 

 

What these guidelines do not address 

These guidelines do not include recommendations about pollutant mixtures or the 
combined effects of pollutant exposures. In everyday life, people are exposed to a mixture 
of air pollutants that varies in space and time. WHO acknowledges the need to develop 
comprehensive models to quantify the effects of multiple exposures on human health. 
However, as the main body of evidence on air quality and health still focuses on the impact 
of single markers of ambient air pollution on the risk of adverse health outcomes, the 
current guidelines provide recommendations for each air pollutant individually. 
Achievement of the AQG levels for all these pollutants is necessary to minimize the health 
risk of the exposure. 

Furthermore, these guidelines do not address specific recommendations on policies and 
interventions because these are largely context specific: what might be effective in one 
setting might not work in another. Lastly, individual-level interventions, such as the use of 
personal respiratory protection (e.g. masks, respirators, air purifiers) or behavioural 



measures, are addressed in another document, Personal interventions and risk 
communication on air pollution (WHO, 2020a). 

 

Target audience 

The WHO global air quality guidelines aim to protect populations from the adverse effects of 
air pollution. They are designed to serve as a global reference for assessing whether, and 
how much, exposure of a population (including particularly vulnerable and/or susceptible 
subgroups) to various levels of the considered air pollutants results in health concerns. The 
guidelines are a critical tool for the following three main groups of users: 

• policy-makers, lawmakers and technical experts operating at the local, national 
and international levels who are responsible for developing and implementing 
regulations and standards for air quality, air pollution control, urban planning and 
other policy areas; 

• national and local authorities and nongovernmental organizations, civil society 
organizations and advocacy groups, such as patients, citizen groups, industrial 
stakeholders and environmental organizations; and 

• academics, health and environmental impact assessment practitioners, and 
researchers in the broad field of air pollution. 

 

These groups are the targets of the information, education and communication strategies 
outlined in Chapter 5. The strategies, and the tools to implement them, will be essential to 
ensure that these global guidelines are widely disseminated and considered in policy and 
planning decisions. In addition, these groups are addressed in Chapter 6, on implementation 
of the guidelines. This includes the aspects involved in developing air quality standards 
based on the recommendations and general risk management principles, which are built on 
decades of experience. 

 

Implementation of the guidelines 

While achievement of the AQG levels should be the ultimate goal of actions to implement 
the guidelines, this might be a difficult task for many countries and regions struggling with 
high air pollution levels. Therefore, gradual progress in improving air quality, marked by the 
achievement of interim targets, should be considered a critical indicator of improving health 
conditions for populations. Key institutional and technical tools supported by human 
capacity-building are necessary to achieve this goal. Implementation of the guidelines 
requires the existence and operation of air pollution monitoring systems; public access to air 
quality data; legally binding, globally harmonized air quality standards; and air quality 
management systems. Policy decisions to set priorities for action will profit from the health 
risk assessment of air pollution. 

While actions to reduce air pollution require cooperation among various sectors and 
stakeholders, health sector involvement is crucial for raising awareness of the impacts of air 
pollution on health and, thus, the economy, and for ensuring that protecting health strongly 
figures in policy discussions. Monitoring and evaluation are equally crucial to ensure that 
guidelines are implemented; they are addressed in Chapter 7. 



Currently, the accumulated evidence is sufficient to justify actions to reduce population 
exposure to key air pollutants, not only in particular countries or regions but on a global 
scale. Nevertheless, uncertainties and knowledge gaps remain. Future research (discussed in 
Chapter 8) will further strengthen the scientific evidence base for making decisions on clean 
air policy worldwide. 
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