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Abstract

This report summarizes evidence and information and formulates practical advice on personal-
level actions to reduce exposure to ambient air pollution. It covers personal actions such as reducing
the amount of time spent in polluted outdoor environments, adjusting the location and timing of
physical activity, using air cleaners, wearing face coverings, and mobility options (transport, active
transportation, routes, driving style and vehicle settings). Each topic is evaluated according to a
uniform set of criteria, ranging from effectiveness to personal costs and social factors. Most of the
evidence available to inform the advice derives from western European and North American studies.
Although evidence on effectiveness and on health risks/harms can be considered applicable across
settings, evidence on economic, social or feasibility factors is less so. Consequently, the applicability
of the advice presented in this report should be carefully considered at national level, especially in
settings outside western Europe.
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Introduction

Clean air, that is, ambient (outdoor) air free from harmful levels of air pollutants, is a human right (1).
Even so, air pollution is the single largest environmental health risk in the WHO European Region, with
significant impacts on the health of the European population (2,3). Air pollution increases the disease
and mortality risk, and cardiovascular and respiratory illnesses are the major causes of mortality in
the WHO European Region (4). It also increases the burden of lower respiratory tract infections, as well
as of preterm birth and other causes of death in infants and children (4). Air pollution has considerable
economic impacts through reducing life expectancy, increasing medical costs and reducing
productivity through lost working days across different economic sectors (2).

Most European citizens consider the health impacts of air pollution to be a serious problem (5). In 2019
more than 90% of the urban population in the European Union (EU) was exposed to health-damaging
levels of key air pollutants (2). In particular, 97% of the urban population was exposed to concentrations
of fine particulate matter (PM, )* above the new WHO guideline level of 5 ng/m?(2). In 2019 in the EU,
307 000 premature deaths were attributed to PM, , exposure, 40 400 to nitrogen dioxide (NO,) exposure
and 16 800 to ozone (O,) exposure (2). According to WHO, approximately 570 000 premature deaths were
attributed to ambient PM,, in the WHO European Region in the same year (6).

In 2019 residential, commercial and institutional energy generation and consumption were

the principal sources of particulate matter (PM), that is PM, . and PM, 2 Road transport and the
manufacturing and extractive industries were also significant sources of both pollutants, and
agriculture was an important source of secondary PM, .. PM, . and PM,  emissions fell by 29% and 27%,
respectively, between 2005 and 2021 (2). Anthropogenic emissions of air pollutants are the key drivers
of ambient concentrations of PM, NO, and O, (2).

In the EU, total emissions of all air pollutants declined between 2005 and 2019. During this period, there
was also a significant level of absolute decoupling between pollutant emissions and economic activity,
which is desirable for environmental protection and productivity gains. Absolute decoupling indicates
that a variable remains stable or decreases while the growth rate of the economic driving force
increases. Emissions may become decoupled from economic activity for a combination of reasons, such
as increased regulation and policy implementation, fuel switching, technological improvements, and
improvements in energy or process efficiencies. In the EU, the consumption of goods produced outside
the EU also contributes to the global economic activity and emission trends (2). Climate change also
represents a challenge to air quality in Europe, especially for future concentrations of PM and O, (7).

Under the European Green Deal's Zero Pollution Action Plan, the European Commission set the 2030
goal of reducing PM, ,-related premature deaths by at least 55% compared with 2005 levels (8). To

this end, the European Commission initiated a revision of the ambient air quality directives in order
to align the air quality standards more closely with WHO recommendations (2,4). In parallel, stricter

PM where particles have an aerodynamic diameter equal to or less than 2.5 ym.
2 PM where particles have an aerodynamic diameter equal to or less than 10 pm.
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requirements are also expected for tackling air pollution from sources such as agriculture, industry,
transport, buildings and energy production (2).

Several key WHO documents outline actions that are needed to better protect health from air pollution
through measures to be taken by Member States, including the importance of disseminating evidence-
informed practices on air quality actions related to health. World Health Assembly resolution WHA68.8,
Health and the environment: addressing the health impacts from air pollution (9) highlights as key
activities providing information to policy-makers and the public about the health impacts of air
pollution and taking action to reduce it. Similarly, the WHO Global Strategy on Health, Environment
and Climate Change recognizes the potential of increasing citizens’ awareness of promoting adaptive
actions and pro-environment behaviours. Health professionals have an important role in promoting
behavioural change towards healthy and more sustainable ways of living (10). Lastly, the European
Programme of Work 2020-2025 promotes as a flagship initiative the use of behavioural, social and
cultural insights into decision-making to build a culture of health in which everyone is enabled to
make healthy choices (11).

Whereas primary prevention requires that political attention remains firmly focused on reducing
emissions of air pollution at source, at personal level some actions can be implemented to reduce
personal exposure to air pollution, particularly during high pollution episodes (12). Although limited
evidence exists in this area, some provisional advice can be drawn from the existing literature. It is
also important to highlight the need for public education on air pollution as a key health risk factor
and for public communication and air quality information to support the prevention of air pollution
exposures. An equity approach should be used to support and facilitate access to personal-level actions
and provide the necessary resources to implement them.

Furthermore, personal-level actions should be seen as complementary to and not as a substitute for
long-term planning and multisectoral interventions by government authorities and society to reduce
air pollution emissions (3). Multisectoral interventions might involve the active participation of
individuals, for example, in replacing polluting household appliances with cleaner ones or choosing
less-polluting transportation modes. However, such interventions are outside of the scope of this
report.

Scope of this report

Building upon ongoing efforts to enhance and promote evidence-informed practices, the provisional
advice in this report contextualizes and expands the work on the topic presented in the expert
consultation report, Personal Interventions and Risk Communication on Air Pollution (3), and the WHO
Global Air Quality Guidelines (4). The advice is intended to help the general public to minimize personal
exposure to air pollution in the WHO European Region. Other stakeholders who will also benefit from
this advice include health professionals, community leaders and journalists. Since the format of

this report might be too complex for easy communication, WHO will publish a set of accompanying
communication materials. National public health authorities or specialists can use the report as the
basis for locally relevant communication materials.



Introduction

This report was produced in the framework of the Sharing Knowledge on Air Pollution and Health
in Europe (SKAPHIE) project, led by the WHO European Centre for Environment and Health and in
collaboration with experts from European universities, agencies and organizations.

It has five main sections that correspond to the main categories of personal-level action identified in
the earlier WHO expert consultation report (3) and the suggestions of experts who attended a virtual
scoping meeting:

Reducing time spent in polluted outdoor environments

Physical activity: location and timing

Air cleaners

Face coverings

Transport, active transportation, routes, driving style and vehicle settings.

Each section provides a formal definition and then evaluates the type of personal-level action
according to a uniform set of criteria:

effectiveness in reducing exposure to air pollution

effectiveness in improving health

health risk or harms

negative environmental impacts

personal costs

social factors

barriers and facilitators to implementation

practical advice for general and vulnerable populations.

For each criterion, the evidence provided by a narrative review?® of the literature is summarized. The
narrative review is based on recent systematic reviews, institutional reviews and expert appraisals.

A panel of experts discussed and made further input to the narrative review in three virtual meetings
and through email exchanges. The “Practical advice for general and vulnerable populations” sections
highlight key messages for both general and vulnerable populations related to each personal-level
action to reduce exposure to air pollution. However, owing to the limited evidence available in some
areas and the evolving nature of this evidence, the key messages give only provisional advice.
Evidence from future studies will help to improve the strength of evidence and guide future advice.

This report is intended to guide and facilitate the rational use of the most widely recognized or viable
approaches to reduce personal exposure to air pollution (both day to day and during high air pollution
episodes). It focuses on personal-level actions to reduce exposure to air pollution and is not intended to
guide infectious disease prevention and management approaches, such as those related to coronavirus
disease (COVID-19), seasonal influenza or other communicable respiratory diseases. Separate reports
by the WHO Regional Office for Europe focus on other topics covered by the SKAPHIE project such risk
communication in air quality indexes and the relationships between air pollution and COVID-19 (14-16).

This report was intended to meet the needs of the European Commission in the context of EU air
quality policy, but in principle is also applicable to other subregions of the WHO European Region

3 A narrative review is a literature review that describes and appraises published articles but does not include a specific search
strategy or database (13).
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other than the EU (e.g. central Asia, western Balkans, Caucasus). Most of the evidence available to
inform the advice derives from western European and North American studies. Although evidence on
effectiveness and health risks/harms can be considered applicable across settings, evidence related to
economic, social or feasibility factors is less so. Consequently, the applicability of the advice presented
in this report should be carefully considered at national level. Further activities in specific subregions
of the WHO European Region may enable this advice to be further contextualized. As an example of
this approach, Poland convened a panel of experts to adapt the 2020 WHO global advice on air pollution
risks and actions to the local context (17).



Personal-level actions to
reduce air pollution exposure

Reducing time spent in polluted outdoor environments

Definition

Avoiding outdoor environments during high air pollution episodes is an action based on public advice
to reduce exposure to outdoor air pollution by staying indoors. The impact of this action depends

on the amount of time spent indoors, outdoor air pollution levels, the amount of air pollution able to
infiltrate the building and indoor sources of air pollution (e.g. mould, dust, emissions from heating/
cooking). High air pollution episodes are defined based on local or national air quality standards and
policies.

Effectiveness in reducing exposure to air pollution

A common piece of precautionary public health advice is to avoid harmful outdoor environments
when outdoor air pollution levels are high. The evidence shows that during high air pollution episodes
the concentrations of allergenic particles, biogenic particles, PM and other air pollutants are lower
indoors than outdoors (18—20). However, infiltration (that is air leakage) efficiencies vary widely:
compared with outdoor air pollutant levels, indoor levels can be reduced by > 60% through mechanical
ventilation and by < 20% through natural ventilation only (i.e. open windows) (21). O, concentrations
are generally lower (by 30—70%) indoors than outdoors, primarily because O, is removed from indoor
air through chemical reactions that occur in the air and on surfaces (22). The effectiveness of avoiding
outdoor environments on reducing air pollution exposure depends on factors such as the outdoor—
indoor penetration of air pollution, type of ventilation, season, climate and type of housing (3). Closing
windows combined with the use of air conditioning can reduce the outdoor—indoor penetration of
PM, , (23). Reducing household energy consumption and using cleaner fuels and more-efficient, less-
polluting household appliances may also help to improve indoor air quality.

Effectiveness in improving health

Where outdoor—indoor penetration of air pollution is high, closing windows can attenuate the
increased levels of inflammatory biomarkers, such as plasma C-reactive protein and fibrinogen, and
decrease heart rate variability (23,24).

Health risk or harms

In households with sources that emit high levels of indoor pollutants, the advice to stay indoors may
unintentionally lead to higher exposure to air pollution (3). Household energy sources such as natural
gas and liquid petroleum gas may also increase the risk of gas leakage, fire, explosion and suffocation.
Thermal insulation without ventilation may reduce the dilution of indoor air pollutants by air leakage
and so increase the risk of mould and dampness. Avoiding outdoor environments by spending time
indoors with closed windows may also increase the risk of exposure to high temperatures (3). Staying
indoors could also reduce quality of life and mental well-being. For example, when indoor ventilation
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is limited, the presence of indoor air pollution sources (from cooking and heating) may reduce comfort
levels in the home. Avoiding outdoor environments can also increase social isolation, reduce physical
fitness and impair mental health (25,26). However, despite these risks, appropriate measures for
avoiding outdoor environments may help to reduce pollutant exposure in environments with high
ambient PM, , levels (23).

Negative environmental impacts

Avoiding outdoor environments may indirectly reduce air pollution emissions by reducing motorized
transportation needs, but may also have negative environmental impacts resulting from increased
household energy consumption for ventilation, air conditioning, using household appliances, or
burning fossil fuels for heating and cooking. Furthermore, avoiding outdoor environments may
indirectly increase air pollution emissions related to the delivery of takeaway food and online
shopping (27).

Personal costs

In general, avoiding polluted outdoor environments is not expected to have a direct cost to individuals.
However, the societal costs of work absences by population subgroups could impact the local
economy (28). Furthermore, maintaining a clean indoor environment could involve costs related to the
purchase and use of high-efficiency appliances, clean fuels, ventilation and air cleaners with high-
efficiency particulate air (HEPA) filters, and the maintenance of building structures that minimize air
pollution and air leakage (29).

Social factors

Owing to the low personal cost and ease of implementation, avoiding outdoor environments when air
pollution levels are high may be an acceptable action to reduce personal-level exposure to air pollution.
However, not everyone has access to indoor facilities (e.g. transient and homeless people) or to quality
housing or buildings (i.e. with proper ventilation, thermal comfort, air conditioning and electrical
appliances) or can decide when to stay at home (e.g. essential workers) (30). This is particularly
relevant because essential workers are often members of a vulnerable group (e.g. low income or

ethnic minority). Other equity considerations related to avoiding outdoor environments include
communication barriers (31,32) such as barriers to the communication channels used by different
community groups (e.g. young, elderly, deaf or visually impaired people), language skills, or access to
the internet or electricity (32). Another barrier may relate to how the advice is interpreted, for example,
how community members interpret air quality thresholds, measurements or indexes when deciding to
avoid outdoor environments (31,32).

Barriers and facilitators to implementation

Avoiding outdoor environments in order to reduce high air pollution exposure may be insufficient

in the absence of additional measures to reduce the infiltration of outdoor air pollution (33). Indoor
sources of pollutants such as cooking, heating, cleaning and tobacco smoking should also be
considered and, if possible, reduced to improve indoor air quality when a recommendation to avoid
outdoor environments is in place (3). To effectively reduce air pollution exposure, avoiding outdoor
environments should be combined with closing windows, increasing indoor ventilation, reducing
indoor air pollution emissions, and maintaining building structures that minimize air pollution
penetration and air leakage. These considerations should be combined with actions to reduce
emissions from outdoor air pollution sources. Based on the criteria discussed in this section, avoiding
outdoor environments during high air pollution episodes could be considered a feasible personal-level
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action. The effectiveness of this action will vary based on the implementation of measures to improve
indoor air quality (e.g. ventilation, emissions), levels of outdoor emissions and social factors.

Practical advice for general and vulnerable populations
Reduce the amount of time spent outside during high air pollution episodes to reduce exposure.
Combine avoiding outdoor environments with closing windows, using indoor ventilation with air
cleaners with HEPA filters, adopting measures to reduce indoor air pollution emissions, and ensuring
that building structures minimize air pollution penetration and air leakage.
Consult local air quality indexes/forecasts when planning outdoor activities.

An important enabler of these personal-level actions is to provide clean indoor facilities (e.g. public
shelters, schools) for homeless people and those who do not have access to a clean indoor space.
This can be achieved by organizing local response teams, as well as through tailored public advice
communication and dissemination strategies that consider the needs of vulnerable communities
(e.g. elderly, deaf or visual impaired people, ethnic minorities).

Physical activity: location and timing

Definition

This section focuses on the avoidance of physical activity in areas and during times of the day when
air pollution levels are high. WHO defines physical activity as any bodily movement produced by
skeletal muscles that requires energy expenditure (34). This refers to all movement, including leisure
activities (e.g. running, jogging) and activities conducted for transportation or as part of work (35).

Effectiveness in reducing exposure to air pollution

Since physical activity can increase the breathing rate and, thus, air pollution inhalation, choosing

a cleaner air environment for physical activity can significantly reduce exposure. Studies have

shown that exercising outdoors can increase the inhalation of harmful air pollutants (26,36,37). In
addition, vigorous exercise may impair the body’s natural defences against air pollution, such as nasal
mucociliary clearance, thereby increasing the potential for health risks (38). However, strategically
choosing locations with lower air pollution levels, such as green spaces or indoor facilities with air
filtration systems, as well as the timing of physical activity can effectively mitigate these risks (37,39,40).
Therefore, incorporating air quality considerations into physical activity routines is crucial to
maximize the health benefits and minimize exposure to harmful air pollutants.

Effectiveness in improving health

Despite the possibility of increasing exposure to air pollution, physical activity can play a significant
role in protecting healthy adults against the adverse effects of traffic-related air pollution (TRAP).
Health modelling studies suggest that the overall health benefits of reqgular aerobic exercise outweigh
the risks associated with increased air pollution exposure for healthy adults across a range of pollution
concentrations and even for long exercise durations (26,36,38,41).

However, it is still unclear how much physical activity is needed to offset the detrimental health effects
of air pollution; this is likely to vary depending on individual factors such as age, health status and
underlying disease. Evidence is also lacking on health effects in children, pregnant women, unhealthy
populations, and populations of low- and middle-income countries (where there may be higher
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exposure to air pollution and different mixtures of pollutants). Furthermore, most evidence relates to
PM, . and long-term health effects and does not support precise advice regarding the short-term effects
of multiple pollutants. Despite this, consideration of O, and temperature levels, especially in warmer
climates, is suggested (3). Nevertheless, studies suggest that people with pre-existing conditions such
as cardiovascular diseases, hypertension, and respiratory illnesses are more susceptible to the harmful
effects of air pollution and may experience diminished benefits from physical activity when exposed to
high pollution levels (3,41,42). Similarly, children are considered a vulnerable population because their
developing lungs and immune systems makes them more susceptible to air pollution-related health
risks (43,44). In particular, people with underlying health conditions or who belong to susceptible
groups are suggested to consult their health-care providers to determine appropriate physical activity
levels and strategies to minimize their air pollution risks.

Health risk or harms

Although engaging in physical activity poses no known risks in locations and times without harmful
levels of air pollutants, studies show a clear association between air pollution and reduced levels

of physical activity overall (26,38). This is probably because concerns about air pollution exposure
discourage people from exercising outdoors. However, avoiding physical activity altogether because of
air pollution can have detrimental health consequences resulting from physical inactivity. Therefore,
it is crucial to find ways to mitigate air pollution exposure while maximizing opportunities for regular
physical activity.

Negative environmental impacts

Although selecting a location or time with cleaner air to perform physical activity may not have a
direct impact on the environment, any additional activities required to enable this action, such as
traveling in a motorized vehicle, could indirectly generate negative effects such as air and noise
pollution.

Personal costs

No direct costs are known to be associated with conducting physical activity in environments or at
times with cleaner air. Indirect costs may be associated with transportation to such environments or if
the only location with reduced air pollution that is available for physical activity is an indoor site that
charges a fee for its use.

Social factors

Access to indoor and outdoor areas with cleaner air can be a social limitation. Type of work

(e.g. essential worker, night shift) can also limit a person’s capacity to choose when and where to
conduct physical activity. Furthermore, lack of access to or a lack of understanding of air quality data
could influence levels of air pollution exposure.

Barriers and facilitators to implementation

Not all people can perform physical activity in clean air or indoor settings. Some people may lack the
physical space at home or the flexibility to choose a specific time for physical activity. During high

air pollution episodes, physical activity should be conducted in a clean air environment, such as an
indoor setting with good ventilation and air filtration. Outdoor physical activity should also be planned
according to the air pollution levels in order to avoid times when these are expected to be high: this
could be done by consulting real-time air quality information and forecasts. Changing the location and
timing of physical activity is feasible as long as people have access to locations with cleaner air areas.



Personal-level actions to reduce air pollution exposure in the WHO European Region

Practical advice for general and vulnerable populations
In general, regular physical activity is beneficial except under conditions of extreme air pollution or
in the case of underlying health conditions, such as cardiovascular diseases, that increase the risk
associated with air pollution.
If possible, perform physical activity in outdoor green spaces and away from air pollution sources,
such as motorized traffic.
Consult local air quality indexes/forecasts when planning outdoor activities.
Decrease the intensity or stop exercising if you experience symptoms such as coughing, chest
tightness or wheezing.

Air cleaners

Portable air cleaners

Definition

Portable air cleaners (PACs) are small mobile electric air cleaning units used in living spaces (bedroom,
offices) to reduce the concentration of airborne particles and, sometimes, of vapours and gases (45,46).
PACs use different methods to separate airborne contaminants from ambient air, such as air filters

(e.g. HEPA filters) that capture particles on fibrous materials and electronic air cleaners (e.g. ionizers or
electrostatic precipitators) that remove airborne particles via electrostatic force (45,47,48).

Effectiveness in reducing exposure to air pollution

PACs are suggested to lower indoor air pollution from cooking, cigarette smoking, other indoor sources
and outdoor pollutants that have infiltrated indoors. They may provide the additional benefit of
reducing the levels of volatile organic compounds associated with household chemicals or levels of
pollen, which is associated with allergies (38,48). The efficiency is reported as the minimum efficiency
reporting value (MERV), which can range from 1 to 16. The MERV reports a filter’s ability to capture
larger particles of 0.3-10 um in diameter (38). The effectiveness is indicated by the clean air delivery
rate (expressed in m® min): the higher the value, the larger the room size the PAC can serve (47).

The use of HEPA filtration (typically equivalent to MERV 16) in living rooms or bedrooms has been
shown to reduce indoor residential PM, , concentrations to 40—72% of baseline, control or outdoor
levels (38,49). However, since the efficiency of filtration decreases over time, HEPA filters should be
replaced on average every 6 months (38,49). Studies in schools have reported that PACs can reduce
indoor PM, , concentrations by 49% (50), but their efficacy may be reduced in buildings that are not
airtight, if windows are kept open or if placed in a heavily polluted location (22). In addition to lowering
indoor PM levels in the room where they are located, evidence from personal monitors has shown that
PACs can reduce the average PM exposure in household members by > 40% over a 24-hour period (23,51).
It is also essential to position the PAC in the room where people spend most of their time, such as the
bedroom (52). Few studies have investigated the benefits of incorporating activated carbon within

a HEPA-based PAC to reduce gaseous pollutant concentrations. However, the efficacy appears poor:

one study demonstrated reductions in NO, concentration of approximately 20% versus baseline that
diminished over time (53).

Effectiveness in improving health
Several intervention studies found statistically significant associations between PAC use in the
home and improved health outcomes (e.g. symptoms or biomarkers) (23,38,47,50,54). However, most
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reported health improvements were relatively small and when multiple outcomes were measured,
only a fraction of health outcomes or biomarkers were typically improved (47,50). Several studies have
explored the effects of PACs on respiratory symptoms, blood pressure, heart rate variability, endothelial
function, plasma oxidative stress and inflammatory markers (54). However, few have focused on
cardiorespiratory outcomes or adverse fetal outcomes (23,50). Some reports indicate that the effects are
not always consistent in terms of the direction, magnitude and timing of the response; this may reflect
differences in study populations, the study design and potential confounders (38). The main limitations
are reliance on a small number of volunteers and low statistical power (54). Health impact modelling
studies have estimated that during wildfires PACs may provide cost-effective mortality-related
benefits, which could be improved by targeting elderly people (55). Evidence is scarce on the benefits

of using PACs with non-filter technologies (e.g. ionizer air cleaners) in homes or other buildings —
findings range from improved biomarker levels to no effect (23,47).

Health risk or harms

Electronic PACs that ionize incoming streams of particles, which are then deposited onto a charged
plate, may also generate O, (23). PACs have also been linked to noise exposure, which may have
multiple health impacts. The effects of PAC-related noise should be especially considered for
susceptible groups (e.g. with hypertension or cardiovascular diseases). However, risk—benefit analyses
that consider the benefits of reducing air pollution versus the risks of noise exposure are not available.

Negative environmental impacts

The environmental impacts of PACs relate to all parts of the life cycle (production, use and disposal) of
both PACs and filters. Specifically, a PAC will produce waste related to regular filter replacement and the
device’s end of life and will consume electricity when in use.

Personal costs*

PAC costs include the initial purchase price, along with maintenance (cleaning or replacing filters and
other parts) and operating costs (electricity) (47). Market research conducted in France in 2015 found
that stand-alone devices cost €315 on average, but prices varied widely from less than €50 (for small or
non-HEPA-filter PACs) to more than €2000 (for PACs for larger rooms and with additional functions such
as heating and internet connectivity). The high costs may explain their low market penetration (48).
Operating cost is another important factor to consider because air cleaning is an ongoing process and
units require filter replacement or cleaning and other maintenance to remain effective (37). The cost of
filters varies widely depending on the type, size and brand of PAC. On average, filters should be replaced
every 6—12 months at a cost ranging from €20 to more than €150 (56). In the United States of America in
2018 the estimated average annual electricity cost of running a portable HEPA PAC for 24 hours per day
was less than €170 per year, with individual units ranging from just over €80 to nearly €200 per year
(approximate electricity use: 850—2000 kWh (3.0—7.2 GJ)) (47). Studies that modelled the use of PACs for
reducing indoor air pollutant concentrations suggest a very favourable cost—benefit ratio: each year in
the United States PACs prevent around 64 000 premature deaths, with the economic benefits exceeding
€800 per person per year (57).

4 Inthisreport, personal costs originally reported in United States dollars were converted into euros using 2021 currency exchange
rates.
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Social factors

Owing to the initial cost, low market penetration and lack of awareness, only a small proportion of the
world's population uses PACs, and an even smaller proportion uses them regularly (23). Operating noise
may also affect the acceptability and use of PACs. Even when people own PACs, noise may be a barrier
to their effectiveness (because higher operating speeds increase both effectiveness and noise), so users
may tend to use PACs at lower operating speeds, less frequently and away from the main living areas.

Vulnerable groups (e.g. people with low incomes, migrants) may be less aware of the availability and
efficacy of PACs. Even for those who are aware of PACs, the purchase and running costs may limit their
access and use. Furthermore, vulnerable groups may live or work in areas with high environmental
noise levels, making PACs less desirable because of noise emissions. Susceptible groups (e.g. elderly
people, children, people with underlying health issues) may benefit the most from reductions in indoor
air pollution. The use of PACs in living areas should be a priority for these groups despite related noise
levels. Furthermore, people with specific health conditions (e.g. hearing problems, mental health
issues) may be more sensitive to noise, making them less likely to consider using PACs.

As discussed in the section "“Reducing time spent in polluted outdoor environments”’, not everyone has
access to indoor facilities (e.g. transient and homeless people), good quality housing or workplaces

(e.g. with proper ventilation, air conditioning, electrical appliances), or can decide when to stay at
home (e.g. essential workers); these factors can increase environmental health inequities. Moreover,
not everyone is able to buy and maintain these devices properly, which can create additional inequities.
Inclusive communication and information strategies to increase awareness and knowledge about the
types and effectiveness of PACs should be considered as tools for reducing inequities and increasing
the benefits derived from PAC use. Such strategies should include a clear description and comparison
of PAC types and their effectiveness, noise emissions, costs (maintenance and use) and environmental
impacts (e.qg. life-cycle analysis).

Barriers and facilitators to implementation

The efficacy of PACs in reducing indoor PM, , levels is likely to be lower (i) in residences and buildings
that are not airtight (e.g. many windows, draughty) or are located in hot environments (without air
conditioning), where windows may remain open,; (ii) if PACs are placed in rooms that are too large

for the clean air delivery rate; (iii) if PACs are located near objects that reduce the airflow; or (iv) if

the filters are not changed as often as recommended by the manufacturer (21,48,50,54). Operating
noise can also limit their use. PAC performance ratings are determined at maximum airflow, which
typically corresponds to maximum noise levels (47). At lower airflow settings, PACs may have lower
operating noise but will also be less effective at pollutant removal (47). Uncomfortable noise levels
can discourage the placement of air cleaners in bedrooms, where people spend a large percentage of
time. Since PAC noise levels are seldom quantified or are not reported in a standardized and accessible
manner on consumer packaging, comparing devices based on the noise rating can be challenging.

To reduce indoor air pollution, HEPA-filter PACs are the preferred option. PACs should be located in

the main living areas (especially bedrooms) and used at the highest operating speed possible or in
automatic mode. Rooms occupied by susceptible people (e.g. children, elderly, those with underlying
diseases) should be prioritized. The clean air delivery rate (effectiveness, rated in m®/min) based on
the room volume should correspond to the room size: a higher clean air delivery rate will increase
effectiveness for the same room size. Furthermore, the manufacturer’s instructions should be followed
(e.g. PACs should be located a certain distance from objects that might obstruct airflow, filters should
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be changed regularly). To effectively reduce air pollution exposure, PAC use should be combined
with closing windows, reducing indoor air pollution emissions, and maintaining building structures
that minimize air pollution penetration and air leakage. These actions should be combined with
interventions to reduce emissions from outdoor air pollution sources.

Based on the criteria discussed in this section, PAC use is a feasible option to reduce air pollution
exposure. However, owing to their considerable cost, health and social care systems should assess
these devices and consider including them in benefit packages, especially for vulnerable people. The
effectiveness of PACs will vary based on their characteristics and pattern of use, indoor and outdoor
emission levels, characteristics of the building, and social factors. Some intervention studies found that
after an initial period of use, PACs are often incorrectly maintained and may be used less often, turned
off completely or put into storage, often because of annoyance related to operating noise or other
factors (47).

Practical advice for general and vulnerable populations

If affordable or if the costs are met by health and social care systems:
Consider the use of indoor PACs, especially for people with underlying health conditions who live in
heavily polluted locations or during high air pollution episodes.
Use PACs with a HEPA filter.
Select PACs with an appropriate clean air delivery rate (m®/min) for the room size.
Use PACs at the highest operating speed possible when the room is occupied and position them close
to occupants.
If the PAC is too small to cover the entire living space, then prioritize the bedroom or living room.
Locate PACs away from objects that can reduce airflow.
Change filters according to the manufacturer's recommendation.
Avoid PACs that may produce O, (e.g. electrostatic and ionizing air cleaners).
Combine PAC use with closing windows, reducing indoor air pollution emissions and maintaining
building structures that minimize air pollution penetration and air leakage.

Bear in mind that the cost of PACs includes the initial purchase price, maintenance costs and operating
costs. The total cost may not be affordable for all people who are likely to benefit from PAC use in a
variety of settings in the WHO European Region, which may promote inequities. National public health
authorities are well positioned to evaluate the use of PACs through cost—benefit analysis that considers
the impact on equity.

Central air cleaners/heating, ventilation and air conditioning

Definition

Central air cleaners include heating, ventilation and air conditioning (HVAC) filters (also called furnace
filters) and other duct-mounted air cleaners that are installed in the home or in a building’s central
HVAC system (23,47). Such duct-mounted air cleaners are installed either at the base of the air-
handling unit or upstream in return grilles, and filter the air whenever the fan of the HVAC system is
operating (47).

Effectiveness in reducing exposure to air pollution

Studies have shown that high-efficiency furnace filters (e.g. rated as M6 and above, in accordance with
the ISO 16890 standard), duct-mounted air cleaners and PACs with a high clean air delivery rate can
substantially reduce levels of airborne particles and, in some cases, gaseous pollutants in the
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home (23,47). In general, the higher the filter rating, the higher the removal efficiency for particles of
at least one size range. Although standards also exist for testing the removal efficiency of gas-phase,
in-duct air cleaners, they are not widely used or reported (47). The United States Environmental
Protection Agency recommends that people who are concerned about small particles should choose
central air cleaner filters with a rating of at least MERV 13 (or the equivalent M6 rating) or as high a
MERYV or ISO 16890 rating as the system can accommodate (47).

Effectiveness in improving health

There is no clear evidence for the health benefits of filters in central air cleaners in homes (23). One
modelling study into the potential benefits of HVAC systems during wildfires found that they are likely
to be less effective than other methods such as PACs (55).

Health risk or harms

Depending on the building structure and location of the HVAC system, central air cleaners have been
linked to increased noise exposure, which is associated with multiple health impacts. HVAC-related
noise should be particularly considered for susceptible groups (e.g. people with hearing problems or
cardiovascular disease). However, risk—benefit analyses of the benefits of air pollution reduction versus
the risk of noise exposure are not available.

Negative environmental impacts

The environmental impacts of HVAC systems can relate to all parts of their life cycle (production, use
and disposal). The use of HVAC systems produces waste related to filter replacement (around every
12 months). Furthermore, their energy consumption is an important environmental concern.

Personal costs

The costs of HVAC systems include the initial purchase price, along with maintenance (e.g. cleaning
or replacing filters and parts) and operating (e.g. electricity) costs (47). Moreover, the cost of the
professional installation of an upgraded media filter or electronic air filter in an HVAC system must
also be considered. The most effective air cleaners have high airflow rates and efficient pollutant
capture systems, but are generally the most expensive (47). Maintenance and operating costs vary
depending on the device: these are essential considerations because air cleaning is an ongoing process
and units require reqgular filter replacement or cleaning and other maintenance to remain effective.
Although central HVAC systems can distribute filtered air to multiple places in the home, they cost
approximately twice as much to operate as portable HEPA-filter PACs for the same operating time (47).
As with PACs, the considerable cost of these devices may cause inequity.

Social factors

For people with access to HVAC systems in their building or home, ease of use may make these
systems an acceptable option to reduce personal-level exposure to air pollution. However, less than

5% of all European households have air conditioning (58), and installation and maintenance costs
may be barriers to the acceptability and implementation of HVAC systems. Furthermore, vulnerable
groups (e.g. people with low incomes) may have less access to the resources needed to integrate HVAC
systems into their homes and may be less aware of the availability and efficacy of HVAC systems.
Susceptible groups (e.g. elderly people or those with an underlying health condition) may benefit the
most from reducing indoor air pollution with an HVAC system. However, people with specific health
conditions (e.g. hearing problems, mental health issues) may be more sensitive to noise, making
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the use of HVAC systems less attractive. In addition, not everyone has access to indoor facilities
(e.g. transient and homeless people) or can decide when to stay at home (e.g. essential workers).

Barriers and facilitators to implementation

HVAC systems are expected to have lower efficacy in reducing indoor air pollution levels (i) in

homes or buildings that are not airtight (e.g. with many windows, draughts), (ii) if the HVAC filters
have a MERV rating of less than 13, (iii) if the filters are not changed as often as the manufacturer
recommends, or (iv) if the HVAC system is not properly maintained. Operating noise can also limit

the use of HVAC systems. The effectiveness of furnace filters and other duct-mounted air cleaners

is limited by the operating hours of the fans in the HVAC system in which they are installed and
whether they are adequately maintained (47). People who are concerned about small particles should
choose furnace filters with a rating of M6 or higher (ISO 16890). However, a higher-efficiency furnace
filter can only be used if it is compatible with the existing ducted HVAC system. Furnace filters and
duct-mounted air cleaners must be easily accessible to enable regular replacement, inspection and
maintenance. The installation of some furnace filters and duct-mounted air cleaners may also require
modifications to the HVAC system, such as a fitting a wider filter track or providing additional electrical
power. Furthermore, the manufacturer's recommendations on how often to replace, clean or otherwise
service the filters should be followed to ensure optimal performance. To effectively reduce air pollution
exposure, the use of HVAC systems should be combined with closing windows, reducing indoor air
pollution emissions and maintaining building structures that minimize air pollution penetration and
air leakage. These actions should be combined with interventions to reduce emissions from outdoor air
pollution sources. Based on the criteria discussed in this section and the costs, HVAC systems may be
considered a less feasible option for people who do not live or work in a building with a HVAC system
or have the resources to install one. Moreover, the effectiveness of HVAC systems will vary based on
their characteristics and pattern of use, the level of indoor and outdoor emissions, and characteristics
of the building.

Practical advice for general and vulnerable populations

If affordable or if the costs are met by health and social care systems:
consider using an indoor HVAC system, especially for people with underlying health conditions
living in heavily polluted locations or during high air pollution episodes;
use an HVAC system with filters rated at M6 or higher;
change filters and maintain the HVAC system according to the manufacturer's recommendations;
and
combine the use of an HVAC system with other actions, such as closing windows, reducing indoor
air pollution emissions and maintaining building structures that minimize air pollution penetration
and air leakage.

Bear in mind that the overall costs of HVAC systems include the initial purchase price, along with the
maintenance and operating costs. This may not be affordable for all people who are likely to benefit
from the use of HVAC systems in various settings across the WHO European Region, and may promote
inequities. National public health authorities are well positioned to undertake a cost—benefit analysis
of HVAC use that considers the impact on equity.
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Face coverings

Both respirators and face masks are types of face covering. Face masks differ from respirators in that
respirators are designed to reduce the inhalation of PM, , and other particles under certain conditions,
and face masks are not.

Respirators

Definition

Respirators (also known as air-purifying respirators) are personal protective devices that cover the
nose and mouth and reduce the inhalation of PM, , and other particles with an efficiency that depends
on the rating (23). In the WHO European Region, the filtering facepiece class 2 (FFP2) removes over 95%
of inhaled particles of 0.3 um in diameter, and the filtering facepiece class 3 (FFP3) removes over 99%
of inhaled particles of the same size (21,59). United States and Chinese respirators can be also found

on the European market, with N95 or KN95 respirators equivalent to FFP2 devices, and N99 or KN99
respirators equivalent to FFP3 devices (3).

Effectiveness in reducing exposure to air pollution

Use of an appropriate respirator reduces exposure to inhalation hazards (3). Scientific evidence and
operational experience support the use of respirators in workplaces, but mainly relates to healthy

adult populations and not to the most vulnerable subgroups (3). Although a respirator fit test can
demonstrate the expected level of protection, no studies have measured the actual reduction in
exposure from respirator use in the general public (3). Furthermore, trials on respirators have been
small, of short duration and focused on a range of physiological measurements rather than relevant
health outcomes such as hospitalization, disease incidence and mortality. These trials have limited
applicability to the European population, including groups with existing respiratory and cardiovascular
diseases (60). However, a United States modelling study of respirator use related to wildfire smoke
found that N95 respirators offer protection against PM: they reduced PM exposure by more than a
factor of 14 when worn with a leak rate of 5% (61). Respirator efficiency depends on the rating (e.g. FFP2
vs FFP3) (23). Respirators lacking special adsorbent material (e.g. activated charcoal, silica gel)
generally do not provide protection against gaseous pollutants (21). The effectiveness of respirators
also depends on how well they fit the face. Some studies found that particle filtration may be affected
by the presence of diesel emissions, suggesting that gases may influence the performance of
respirators (59). Advice on respirator use in the workplace could be adapted for use by the general
public to provide interim guidance for protection against air pollutants during wildfires, volcanic
eruptions, desert dust episodes or clean-up after disasters (3). FFP2 respirators can also offer protection
against heavy pollen counts during outdoor activities (62).

Effectiveness in improving health

Limited evidence is available on the effectiveness of respirators to reduce health outcomes. Studies
suggest that use of an N95 respirator for 2 hours in an air-polluted urban environment can reduce
particle-associated airway inflammation and improve measures of autonomic nervous function
and blood pressure compared with no respirator use (38,54,63). A modelling study found that

NO95 respirators offered protection against wildfire smoke inhalation and reduced the respiratory
hospitalization rate by 30% (61).
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Health risk or harms

Respirators can trap warm, moist air, leading to rashes or overheating and, potentially, to pathogen
retention (38,64). Perioral dermatitis or flare-up of inflammatory facial skin diseases has also been
reported among workers who are required to constantly wear respirators (65,66). Respirators may
also increase resistance to breathing, which could have adverse cardiovascular effects. People with
respiratory and cardiovascular disease who may most benefit from reductions in exposure to ambient
air pollution are also the group most likely to be at risk of adverse health effects from wearing
respirators (21). One study suggested that respirator use may cause an acute increase in blood
pressure (67). In particular, people who may be susceptible to the mild increase in cardiovascular and
respiratory stress caused by respirator use are advised to consult a physician before using such a
device (21). Furthermore, respirators should never be worn by infants or toddlers because of the risk of
choking and suffocation (68). In addition, wearing a poorly fitted respirator or reusing a respirator may
be ineffective and provide a false sense of protection, which may lead to decisions or behaviours that
increase air pollution exposure (21).

Negative environmental impacts

The environmental impacts of respirators relate to all parts of their life cycle (production, use and
disposal). FFP2 and FFP3 respirators are designed for single use. They consist of four layers of material:
an outer layer of spun-bond polypropylene, a second layer of cellulose/polyester, a third layer of melt-
blown polypropylene filter material and an inner (fourth) layer of spun-bound polypropylene (69).
The ear loops of respirators are made from natural and synthetic polyisoprene (i.e. latex-free) rubber.
FFP2 respirators are five times heavier than surgical masks (18.14 g for a FFP2 respirator vs 3.5 g for a
surgical mask) (69). In 2020 in the United States, 600 metric tonnes of plastic waste from respirators
was generated each week (69). In Europe, the European Parliament is estimated to produce 12 000 kg
of FFP2 and face mask waste each year (70). A 2020 global survey with more than 1000 participants
reported that only 45% of users dispose of their respirators and face masks in a solid or hazardous
waste bin. The other 55% reported throwing them away in the street, flushing them down the toilet
or burning them (69). Furthermore, the production of each FFP2 respirator (excluding transportation)
releases 50 g of carbon dioxide equivalent (CO,-eq) (71).

Personal costs

In recent years, the price of respirators has varied. For example, in Spain in 2020 prices ranged from
€0.50 to €2.00 (72). Although the retail cost of an individual FFP2 respirator may be considered low in
most developed countries, respirators are designed for single use only. Therefore, their cost must be
multiplied by the number of respirators needed to maintain protection over time. Furthermore, filters
are designed to remove particles only: the effective removal of gaseous pollutants requires the addition
of adsorbent material such as activated charcoal (which is inconsistently effective) at a cost of around
€8 per device (in 2021) (38,73).

Social factors

Owing to the relatively low cost per device and relative ease of use, respirator use may be considered
an acceptable action to reduce personal-level exposure to air pollution. Respirator use to reduce
pollutant inhalation during high air pollution episodes has become more commonplace and socially
acceptable worldwide, particularly in Asia (38). A recent study reported an increased acceptance of
respirators and face masks in Europe during the COVID-19 pandemic (74): however, a review found that
face coverings were not universally accepted during this period (75). In the United States, COVID-19
face covering mandates led to an increase in mask-wearing to 90% on average (76).
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However, the pandemic also showed that wearing face masks may confer an exaggerated or false
sense of security, resulting in risk compensation behaviour (e.g. reduced physical distancing or
hygiene) (75). Although risk compensation behaviour has not been reported for respirator use in the
context of air pollution, it should be considered a potential outcome that may result in greater exposure
to air pollution. Illness stigma is another social factor that may discourage sick people from wearing

a respirator (75). Minority groups may also experience stigma and assumptions of criminality. For
example, a review found that black people in the United States were reluctant to wear face masks in
public during the COVID-19 pandemic for fear of being mistaken for criminals (75). Empirical evidence
also shows that political preference and mistrust of science are factors that influence the wearing of
face masks in public (77).

Furthermore, vulnerable groups (e.g. people with low incomes) may be less aware of the availability
and efficacy of respirators. However, even among vulnerable people who are aware of the benefits of
respirator use in reducing air pollution exposure, a lack of knowledge and training on the proper use
could reduce the efficacy of these devices. Moreover, people may decide to reuse respirators to reduce
costs even though this reduces the protection against air pollution. Inclusive communication and
information strategies to increase awareness and knowledge about the effectiveness, types and costs
of respirators, together with instructions for their proper use, should be considered to reduce inequities
and increase the benefits of respirators.

Barriers and facilitators to implementation

The effectiveness of respirators can be limited by facial hair, which can interfere with the face seal
and cause leaks. Furthermore, some people cannot obtain a good seal because the dimensions of the
respirator are incompatible with the size and shape of their face, and most types of respirators have
not been certified for use by children (21). The respirator training and fit-testing offered for respiratory
protection in the workplace are not generally available to the public (21). Respirator use may also have
adverse respiratory and cardiovascular effects due to the reduction of airflow and consequent difficulty
in breathing, especially for people with underlying respiratory or cardiovascular diseases (21). For this
reason, the United States Occupational Safety and Health Administration requires medical clearance
for occupational respirator use (78). However, even among relatively healthy workers, the evidence
basis for medical clearance for respirator use is limited, and currently no guidelines are available to
assess the ability of members of the general public to use respirators to prevent exposure to outdoor
air pollution (21,78). Furthermore, respirators can cause discomfort by increasing the effort needed for
breathing and creating a dead space under the face piece (21,79). However, a few studies found that
respirator use is well tolerated by healthy people, including pregnant women (21).

Respirator classifications such as FFP2, KN95 and N95, which refer to the particle removal efficiency,
have not been patented or copyrighted and can be used by any face mask manufacturer, even without
proper testing (3). Therefore, packaging should be examined for certification or approval by a national
or international authority.

Six factors ensure that a respirator is effective: (i) putting it on correctly, (ii) ensuring that it fits
appropriately, (iii) its continuous use during exposure, (iv) replacing the respirator or filter when it
becomes saturated, (v) confirming that it is approved to remove = 95% of particles (e.g. FFP2, KN95,
N95) and (vi) certification by a relevant agency (e.g. European Agency for Safety and Health at Work).
Consider removing facial hair if this breaks the face seal and ensure that the respirator is not used
by children. Consider taking appropriate respirator training, such as the training modules created by
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the International Society for Respiratory Protection (3). Although respirator use can be perceived as

a simple, low-cost method of protection against air pollution, it is only recommended under certain
conditions. This is because of limited evidence of effectiveness, evidence that a respirator with very
high theoretical efficacy often has limited or no effectiveness in real-life conditions of use by the
general population, and their social and environmental impacts. Lastly, the lack of distinction between
respirators and face masks among the general public may be a barrier to the selection of respirators
over face masks.

Practical advice for general and vulnerable populations
Only consider using a respirator when air pollution exposure is unavoidable, such as occupational
exposure and for protection against air pollutants during wildfires, volcanic eruptions, desert dust
episodes or clean-up after disasters.
Choose respirators over face masks.
Only consider using close-fitting respirators that have been approved to remove at least 95% of
particles (e.g. FFP2, N95, KN95).
Respirators are only validated for use by adults.
Facial hair can reduce the efficacy of respirators.
People with respiratory, cardiac or other health conditions that make breathing difficult should
check with their health care provider before using a respirator for protection against air pollution.
Follow the respirator’s instructions and consider its limitations.
Change the respirator according to the manufacturer's recommendations.
Consider other measures to reduce personal-level exposure to air pollution.

Face masks

Definition

Face masks include cloth masks and synthetic masks (61). Synthetic masks include surgical anti-
projection masks, which are medical devices (59). Under current European regulations, face masks are
not considered personal protective equipment. Their function is not to protect the wearer's respiratory
tract but rather to prevent them from contaminating the environment (59).

Effectiveness in reducing exposure to air pollution

The effectiveness of face masks relates to the filter quality and coverage, the number of different filter
layers, and how well the mask fits the face. Cloth masks are inexpensive and are commonly used in
developing regions. However, they remove only 15% of particles of the size typically found in diesel
engine emissions and are far less protective against fine particles compared with respirators

(e.g. FFP2) (38). Surgical masks appear to be more effective than cloth or bandana-style masks.
However, the design of surgical masks confers poor facial fit, often leading to high inward leakage
during use (38).

Effectiveness in improving health

A modelling study on the use of face masks during wildfires suggested that the use of cloth masks
leads to minor reductions in respiratory hospitalizations from smoke inhalation (2-11%). Use of
surgical and synthetic-fibre masks may lead to slightly higher reductions in smoke-attributable
hospitalizations (9—24% and 7-18%, respectively) (60,61).
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Health risk or harms

Face masks can trap warm, moist air, leading to rashes and potentially to pathogen retention (80).
Perioral dermatitis or flare-up of inflammatory facial skin diseases have also been reported among
workers who are required to constantly wear face masks (65,66). The use of face masks (cloth or
synthetic) may even confer a false sense of security that reduces efforts to avoid air pollution.

Negative environmental impacts

The environmental cost of face masks relates to all parts their life cycle (production, use and disposal).
Mask production is associated with 59 g CO,-eq emissions per surgical mask and about 60 g CO,-eq
emissions per cloth mask (69). Furthermore, as with respirators, face masks are not often disposed

of appropriately in solid or hazardous waste bins. During the COVID-19 pandemic, face masks were
discarded in streets and water bodies or even incinerated, thereby contributing to air pollution (69).

Personal costs

In recent years, the retail cost of a surgical mask has varied. For example, in Spain in 2020 prices
ranged from €0.10 to €2.00 (72). Although the retail cost of surgical masks may be considered low in
most developed countries, they are designed for single use. Therefore, their cost should be multiplied
by the number of face masks needed to maintain the protection over time.

Social factors

The social factors related to face masks are similar to those described for respirators. They include a
lack of universal use, use-related stigma and discrimination, risk compensation behaviours, and a lack
of knowledge about the various types of face masks, their efficacy and how they should be used.

Barriers and facilitators to implementation

The efficacy of face masks is limited by their filtration efficiency and leakage rate and by the
compliance rate (i.e. the length of wear time and proportion of population wearing the device).

Since their function is not to protect the wearer's respiratory tract but rather to prevent them from
contaminating the environment, there is no specific advice on their effective use in reducing air
pollution exposure. Therefore, although face masks are simple to use and have a low initial cost, they
should not be recommended as a method to protect people against air pollution exposure based on
their low effectiveness, impact on the environment and social factors.

Practical advice for general and vulnerable populations
The evidence does not support a recommendation to use face masks (cloth or surgical) to reduce
exposure to air pollution.
Consider other measures to reduce personal-level exposure to air pollution.

Transport, active transportation, routes, driving style and vehicle
settings

Carefully deciding on active transportation and routes

Definition

Active transportation (also known as active travel or active transport) is transport that is powered by
human energy, primarily walking and bicycling. Transport routes are the designated paths that people,
vehicles or other modes of transportation follow to reach their destinations.
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Effectiveness in reducing exposure to air pollution

TRAP exposure inside a vehicle can be caused by exhaust emissions from the vehicle itself or nearby
vehicles (81). Walking or cycling along roads with motorized traffic can also result in TRAP

exposure (82—85). A comparison of air pollutant concentrations between active and motorized travel
modes showed that car drivers who kept the vehicle window open experienced the highest exposures
of air pollutants (PM, , black carbon and ultrafine particles (UFPs)) and cyclists and pedestrians the
lowest exposures (36,38,81,86,87). When inhalation rates related to physical activity (walking or cycling)
were taken into account, the total inhaled dose of air pollutants was slightly higher for those using
active transportation modes compared with motorized vehicles (81,83,88,89). Overall, cyclists had the
highest inhalation dose of air pollutants (because of their proximity to traffic, increased respiration
rates and longer journeys), followed by pedestrians; train and light rail users had the lowest (38,90).

Proximity to motorized traffic is associated with greater exposure to air pollution for cyclists and
pedestrians (12,38). TRAP levels decline rapidly with increasing distance from motorized vehicles; for
example, concentrations of black carbon decline by up to 10 times at a distance of 10 m from roads
with heavy traffic (91). Studies also found that crossing to the lower-emission side of a road® can reduce
PM, , exposure by around 18% (92,93). Furthermore, the use of pavements and off-road bicycle lanes

(7 m and 19 m from the roadside, respectively) may significantly lower air pollution exposure (38).
Traffic intersections have the highest concentrations of particles, at 29-fold higher than in free-flowing
traffic (94). In contrast, roads in urban areas with open and green space or heterogeneous building
morphology have around twofold to threefold lower TRAP concentrations than roads in urban areas
without open or green spaces (95).

Effectiveness in improving health

Whereas active transportation such as cycling and walking has been linked to a higher inhaled dose

of air pollutants, the substantial health benefits of physical activity generally outweigh the risks
associated with exposure. Studies suggest that engaging in active transportation, even in high air
pollution environments, can reduce the risk of mortality (36,41,83,85). However, for older people and
those with a pre-existing health condition that increases their susceptibility to air pollution, the risks of
exposure may outweigh the benefits of physical activity (38).

Therefore, the effectiveness of active transportation in improving health depends on individual factors
and air-quality conditions. For healthy adults, the benefits of physical activity typically outweigh the
risks of air pollution exposure. However, people with an underlying health condition or who belong to
a susceptible group are suggested to consult their health-care providers to determine the appropriate
physical activity levels and strategies to minimize the air pollution risks.

Health risk or harms

Children are particularly vulnerable to air pollution because of their faster respiratory rate and shorter
stature, which places them closer to the source of TRAP, and may confer greater health risks (38). Older
people and those with underlying health conditions may also be more susceptible to TRAP, resulting in
reduced health benefits from active transportation such as walking and cycling (83). In addition, active
transportation carries the inherent risk of traffic-related injuries and fatalities (81).

5 That is, with less traffic or with downhill (rather than uphill) traffic.
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However, people of all ages can reduce their exposure to TRAP by avoiding busy roads and major
intersections. Choosing to walk or cycle on the side of the road with the least traffic can significantly
minimize exposure to harmful air pollution.

Negative environmental impacts

No known direct negative environmental impacts are linked to active transportation. However, as
discussed in previous sections, all parts of the life cycle (production, use and disposal) of bicycles,
especially electric bikes, can impact the environment. However, this impact is expected to be lower
than for a motorized vehicle.

Personal costs

Walking and choosing a cleaner route are cost-free alternatives to motorized transport. Bicycling costs
relate to the purchase and maintenance costs, which may be significant for electric bikes (average cost
of €£2000 in 2019) and bikes for disabled people (average cost of €2500 in 2021) (96,97).

Social factors

Besides the perception of risk related to active transportation, social factors such as stigma and
cultures that perceive car transportation as the norm or associate active transportation with low
income levels can reduce rates of walking and cycling. Similarly, perceptions of a longer travel time
for walking and cycling and fear of road traffic injuries in areas lacking a safe infrastructure can deter
people from using active transportation (98). In contrast, the availability of alternative, pleasant and
safe routes may increase the likelihood of cycling and acceptance of longer travel times rather than
using a more direct but more polluted mode of transport.

Barriers and facilitators to implementation

Active transportation modes are not accessible to everyone. People with disabilities or those living

in areas lacking the relevant infrastructure may have limited access to walking or cycling. Although
bicycles designed for people with physical disabilities (e.g. tricycles, wheelchair bikes) are available,
they are not suitable for people with all types of disability (e.g. blindness) (99). Furthermore, bikes

for disabled people are not commonly available in shops or public bicycle systems, and can be more
expensive to buy. Moreover, the cycling infrastructure is not always designed to support alternative
types of bicycles (100). Use of an active transportation infrastructure also depends on the climate and
weather conditions (101), as well as on geographical conditions (e.g. hilly or mountainous terrain). Lack of
availability or access to cleaner cycling routes can be another limitation in specific locations (102). Other
important limitations for active transportation include a lack of walking and cycling infrastructure
(e.g. pavements, bicycle lanes, bicycle parking), cycling network connectivity and/or approachable
destinations, and multimodal services (e.g. trains or buses that allow travel with bicycles, bike-and-
ride facilities to safely park bicycles near to public transport nodes). Lastly, safety perceptions related
to active travel may vary among different groups (e.g. women, children). Excessive speed of motorized
vehicles, a lack of segregated infrastructure, pavements and bicycle lanes, and intersections that are
dangerous or perceived as such can limit the adoption of active transportation and increase the risk
of injuries to cyclists and pedestrians (103). In contrast, access to a safe, clean active transportation
infrastructure may increase walking and cycling rates and, thereby, reduce air pollution exposure.
Special attention should be paid to increasing the distance between pedestrians/cyclists and traffic in
order to lower their exposure to vehicle emissions. Choosing to walk or cycle on the downhill side of
the road (relative to traffic flow) instead of uphill may also help to reduce air pollution exposure since
driving uphill increases the engine load and, therefore, vehicle emissions (38). Active transportation
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and use of cleaner routes are feasible actions as long as the infrastructure is available and personal
factors allow.

Practical advice for general and vulnerable populations
Change from motorized transport to active transportation (cycling or walking).
Avoid major intersections, queuing traffic, heavily trafficked roads and the higher-emission side of
roads.
Choose routes with open, green spaces and greater heterogeneity in building morphology to facilitate
the dispersal of air pollutants.
Choose designated off-road cycle tracks rather than on-road bicycle lanes.
Use up-to-date, real-time information on local air quality provided by mobile phone apps, news feeds
and websites to guide the route and timing of travel.

Using appropriate driving styles and vehicle settings

Definition

Driving styles encompass a range of driving patterns — those that avoid frequent acceleration and
engine idling can minimize air pollutant emissions. Vehicle settings that are relevant to air pollutant
exposure include features that control air filtration and ventilation.

Effectiveness in reducing exposure to air pollution

Closing windows and using air conditioning and cabin air filters can reduce air pollution exposure

for people travelling in motorized vehicles (23). Car microenvironments have similar air pollutant
concentrations to outdoor PM and carbon monoxide (CO) levels when the windows are open (104).
Compared with driving in traffic with the windows closed, driving with open windows is suggested to
increase black carbon and UFP concentrations inside cars by twofold to fourfold and inside buses by
threefold (38,88,105). Driving vehicles with the windows closed reduced traffic-related PM, , exposure
by threefold compared with driving with the windows open (38,86). In cars, air conditioning and filters
can help to extract and filter PM from the internal microenvironment. Driving with the windows
closed and the air conditioning set to recirculate air reduced in-vehicle PM concentrations by up to
75% and PM,, exposure levels by 40% compared with driving with windows open (23,38). While driving
in traffic, setting the air conditioning to recirculate air rather than the external circulation mode
reduces TRAP exposure (86). One study showed that air recirculation through a HEPA filter reduced
UFP exposure by up to 20% (106). The use of driving styles that include frequent acceleration and
engine idling increases vehicle emissions (104). Frequent idling is associated with high air pollutant
exposure for motorized vehicle travellers in congested routes (as well as increasing the external levels
of air pollutants). Engine idling increased the in-vehicle concentrations of air pollutants such as UFPs
and black carbon and in-car volatile organic compound concentrations by 1.3-5.0-fold compared

with switching the engine off (21). Idling prohibition or anti-idling campaigns near schools have
significantly reduced levels of PM and harmful pollutants around schools (107). Older vehicles tend

to have higher emissions owing to deterioration of vehicle control systems, incomplete combustion

of fuel and oil, abrasion and wear of tyres and metallic components, and more permissive emission
standards compared with newer vehicles (38).

Effectiveness in improving health

Closing windows combined with the use of cabin air filters lowered the in-car PM, , levels by 37%,
which correlated with a reduction in oxidative stress markers (23).
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Health risk or harms

One review emphasized the trade-offs between (i) closing windows and recirculating cabin air to
reduce PM concentrations and (ii) opening windows or using the external circulation mode to prevent
high levels of carbon dioxide from the occupant’s breath accumulating inside the cabin. This trade-off
should be considered because high levels of carbon dioxide can cause drowsiness and impair cognitive
function (12).

Negative environmental impacts

In general, the use of motorized vehicles has direct negative impacts on air quality and the
environment through pollutants and greenhouse gas emissions, environmental noise pollution and
the need to transform land for the use of motorized vehicles (streets and parking), all of which reduce
local biodiversity and soil and water quality. Worldwide, most motorized vehicles still have fossil fuel
combustion engines. Furthermore, electric vehicles also produce non-exhaust emissions from tyre,
brake and road surface wear, along with road dust resuspension (108). Additionally, environmental
impacts of all parts of the life cycle (production, use and disposal) should be considered for both fossil
fuel and electric vehicles. Moreover, activating the air conditioning and ventilation systems can
increase the vehicle's fuel consumption.

Personal costs

In 2021 the average cost of a medium-sized electric car was €33 300, compared with €18 600 for

a petrol/gasoline car (109). Besides the purchase cost of a motorized vehicle, activating the air
conditioning and ventilation systems can increase the fuel consumption and maintenance costs.

Social factors

Social consideration should be taken into account for people with low incomes, who may only have
access to old cars or vehicles in poor condition that lack the features needed to reduce air pollution
exposure. Approaches to reducing PM, ; and UFP exposure during travel may be especially important
for people who spend large amounts of time travelling in motorized vehicles (23).

Barriers and facilitators to implementation

Air conditioning and cabin air filters are common features in new vehicles, but may be lacking or
nonfunctional in older vehicles. Furthermore, old vehicles and some new convertible vehicles may
have limited cabin isolation, which increases the penetration of outdoor air pollution even when
the windows are closed (110). Additionally, most vehicles currently have fossil fuel combustion
engines and, therefore, high exhaust emissions, and their brakes and tyres contribute to non-exhaust
emissions. The evidence suggests that closing windows combined with using air conditioning and
cabin air filters can reduce air pollution exposure inside the vehicle (110). For people who drive a
motorized vehicle, changing driving style and using air conditioning and appropriate filter settings
while driving are feasible actions to adopt, as long as these features are available and the costs are
manageable.

Practical advice for general and vulnerable populations
Optimize and maintain vehicle filtration/ventilation systems and, when external air pollution levels
are high, drive with the windows closed and the air conditioning set to recirculate air.
Avoid rapid acceleration and deceleration, restrict engine idling and ensure that vehicles are
maintained correctly.
Whenever possible, shift from motorized to active transportation (cycling or walking).
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Conclusions

This report summarizes the most widely recognized or feasible approaches for people to reduce their
air pollution exposure. It describes personal-level actions that can reduce air pollution exposure during
daily activities and/or high air pollution episodes (summarized in Table 1). Use of face masks was the
only personal-level action for which there was insufficient evidence for a reduction in air pollution
exposure. Although most of the actions described in this report reduce air pollution exposure, all

have several limitations and, most importantly, are associated with inequities related to their use,
affordability or availability. Therefore, these inequities and limitations should be especially considered
when recommending personal-level actions to communities. However, to effectively reduce air
pollution exposure, air pollution emissions must be reduced at source. Until this can be achieved,
personal-level actions should be considered as temporary, supplementary solutions.

24



14

YBIY ‘“++++ ‘MOT '+ [0S Jutod-Ino

sbunias
S[OTYDA PUB
SUOAIaAT ++ ++ +++ ++ ++ +++ 9[A1s buraliq

S91N0I1
IaUes0 pue

uonelrodsuen

9UOAISAT ++ ++ + ++ + +++ SATIOY

9UO0 ON +++ ++ +++ ++

+

S}Sell 20edq

SyNpY +++ ++ +++ ++ ++ +++ siojertdsay

SOVAH/SIoUBI[0
SUOAISAT ++++ ++++ ++++ + ++ +++ ITe [eI}Ua)

9UOAISAT +++ +++ +++ +++ ++ +H++ SOvd

purwn pue
Uuoneoo[ :A1ATI0B
9UOAIaAT + + + + + . [eotsAud

SJUSWIUOIIAUD
100pINO painjod

ur yuads swin

9UOAIaAT + + + + + ++++ buronpay

uonendod sonnbaur pue syoeduin uonoe

90ouaIajey $10)0€J [B100S S1S0D [BUOSId  [EJUSWIUOIIAUF suLey/sysry suoreyIwIy SS9UAANIAJJT [9A3]-TeUOSIad

UONBINSU0D 11adXa pUB MITASI SATIBIIBU 9} UO paseq uonezniioiid paisahbns pue suonoe [oas[-[euosiad Aoy T 3[qeL

uoibay ueadoing OHM 943} ur ainsodxa uonnyjod Ire 90npPaI 0} SUOTIOE [9AI]-[EUOSId]



References®

1. The human right to a clean, healthy and sustainable environment : resolution / adopted by the
Human Rights Council on 8 October 2021. Geneva: United Nations; 2021 (https:/digitallibrary.
un.org/record/3945636).

2. Air quality in Europe 2022 [website]. In: European Environment Agency/Publications. Copenhagen:
European Environmental Agency; 2022 (Web report; https://www.eea.europa.eu//publications/air-
quality-in-europe-2022).

3. Personal interventions and risk communication on air pollution: summary report of WHO expert
consultation, 12—14 February 2019. Geneva: World Health Organization; 2020 (https:/iris.who.int/
handle/10665/333781).

4. 'WHO global air quality guidelines. Particulate matter (PM,, and PM, ), ozone, nitrogen dioxide,
sulfur dioxide and carbon monoxide. Geneva: World Health Organization; 2021 (https://iris.who.int/
handle/10665/345329).

5. Special Eurobarometer 497: attitudes of Europeans towards air quality [database]. Brussels:
European Commission; 2019 (https://data.europa.eu/data/datasets/s2239_92_1_497_eng?locale=en).

6. Ambient air pollution attributable deaths [website]. In: WHO/Data/Global Health Observatory.
Geneva: World Health Organization; 2023 (https://www.who.int/data/gho/data/indicators/
indicator-details/GHO/ambient-air-pollution-attributable-deaths).

7. Doherty RM, Heal MR, O'Connor FM. Climate change impacts on human health over Europe
through its effect on air quality. Environ Health. 2017;16(suppl 1):118. doi: 10.1186/s12940-017-0325-2.

8.  Communication from the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions. Pathway to a Healthy
Planet for All. EU action plan: «Towards zero pollution for air, water and soil». Brussels:
European Commission; 2021 (COM(2021) 400 final; https:/eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A52021DC0400).

9. Resolution WHA68.8. Health and the environment: addressing the health impact of air pollution.
In: Sixty-eighth World Health Assembly, Geneva, 18—26 May 2015. Geneva: World Health
Organization; 2015 (https:/iris.who.int/handle/10665/253237).

5 All references were accessed 6 January 2023.

26


https://digitallibrary.un.org/record/3945636
https://digitallibrary.un.org/record/3945636
https://www.eea.europa.eu//publications/air-quality-in-europe-2022
https://www.eea.europa.eu//publications/air-quality-in-europe-2022
https://iris.who.int/handle/10665/333781
https://iris.who.int/handle/10665/333781
https://iris.who.int/handle/10665/345329
https://iris.who.int/handle/10665/345329
https://data.europa.eu/data/datasets/s2239_92_1_497_eng?locale=en
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/ambient-air-pollution-attributable-deaths
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/ambient-air-pollution-attributable-deaths
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0400
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0400
https://iris.who.int/handle/10665/253237

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

References

WHO global strategy on health, environment and climate change: the transformation needed
to improve lives and well-being sustainably through healthy environments. In: Seventy-second
World Health Assembly, Geneva, 20—28 May 2019. Geneva: World Health Organization; 2019
(document WHAT72(9); https://iris.who.int/handle/10665/328399).

European programme of work 2020—2025: united action for better health. Copenhagen: WHO
Regional Office for Europe; 2021 (https:/iris.who.int/handle/10665/339209).

Allen RW, Barn P. Individual- and household-level interventions to reduce air pollution exposures
and health risks: a review of the recent literature. Curr Environ Health Rep. 2020;7(4):424-40.
doi: 10.1007/s40572-020-00296-z.

Bae JM. Narrative reviews. Epidemiol Health. 2014;36:2014018. doi: 10.4178/epih/e2014018.

Cromar K, Lazrak N. Risk communication of ambient air pollution in the European Region: review
of air quality indices and lessons learned. Copenhagen: WHO Regional Office for Europe; 2023
(https:/iris.who.int/handle/10665/365787).

How coronavirus disease has changed the environment and health landscape: a policy brief.
Copenhagen: WHO Regional Office for Europe; 2023 (https:/iris.who.int/handle/10665/368164).

How coronavirus disease has changed the environment and health landscape: a policy brief.
Copenhagen: WHO Regional Office for Europe; 2023 (https:/iris.who.int/handle/10665/368165).

Dziatania indywidualne i informowanie o ryzyku w zwigzku zanieczyszczeniem
powietrza: zalecenia przygotowane przez grupe ekspertow Swiatowej Organizacji
Zdrowia z krajowymi rekomendacjami dla Polski [Individual actions and information
about the risks of air pollution: recommendations prepared by the World Health
Organization Expert Group with national recommendations for Poland]. Warsaw: Public
Health Council, Ministry of Health; 2022 (https://www.duw.pl/download/3/45502/
Dzialaniaindiinforyzykuwzwiazkuzzanieczyszczeniempowietrzal pdf) (in Polish).

Damialis A, Haring F, Gokkaya M, Rauer D, Reiger M, Bezold S et al. Human exposure to airborne
pollen and relationships with symptoms and immune responses: Indoors versus outdoors,
circadian patterns and meteorological effects in alpine and urban environments. Sci Total Environ.
2019;653:190-9. doi: 10.1016/j.scitotenv.2018.10.366.

Review of interventions to improve outdoor air quality and public health. London: Public
Health England; 2019 (https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/938623/Review_of_interventions_to_improve_air_quality_
March-2019-2018572.pdf).

Zhu'Y, Song X, Wu R, Fang J, Liu L, Wang T et al. A review on reducing indoor particulate matter

concentrations from personal-level air filtration intervention under real-world exposure situations.
Indoor Air. 2021;31(6):1707-21. doi: 10.1111/ina.12922.

27


https://iris.who.int/handle/10665/328399
https://iris.who.int/handle/10665/339209
https://iris.who.int/handle/10665/365787
https://iris.who.int/handle/10665/368164
https://iris.who.int/handle/10665/368165
https://www.duw.pl/download/3/45502/Dzialaniaindiinforyzykuwzwiazkuzzanieczyszczeniempowietrza1.pdf
https://www.duw.pl/download/3/45502/Dzialaniaindiinforyzykuwzwiazkuzzanieczyszczeniempowietrza1.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/938623/Review_of_interventions_to_improve_air_quality_March-2019-2018572.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/938623/Review_of_interventions_to_improve_air_quality_March-2019-2018572.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/938623/Review_of_interventions_to_improve_air_quality_March-2019-2018572.pdf

Personal-level actions to reduce air pollution exposure in the WHO European Region

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

28

Laumbach RJ, Cromar KR, Adamkiewicz G, Carlsten C, Chan WR, Charpin D et al. Personal
interventions for reducing exposure and risk for outdoor air pollution: an official American
Thoracic Society Workshop Report. Ann Am Thorac Soc. 2021;18(9):1435—-43.

doi: 10.1513/AnnalsATS.202104-421ST.

Weschler CJ. Ozone in indoor environments: concentration and chemistry. Indoor Air.
2000;10(4):269-88. doi: 10.1034/j.1600-0668.2000.010004269.x.

Rajagopalan S, Brauer M, Bhatnagar A, Bhatt DL, Brook JR, Huang W et al. Personal-level protective
actions against particulate matter air pollution exposure: a scientific statement from the American
Heart Association. Circulation. 2020;142(23):e411—-31. doi: 10.1161/CIR.0000000000000931.

Lin LY, Chuang HC, Liu IJ, Chen HW, Chuang KJ. Reducing indoor air pollution by air conditioning
is associated with improvements in cardiovascular health among the general population. Sci Total
Environ. 2013;463—-4:176—81. doi: 10.1016/j.scitotenv.2013.05.093.

Ren J,LiB, YuD, Liu J, Ma Z. Approaches to prevent the patients with chronic airway diseases from
exacerbation in the haze weather. J Thorac Dis. 2016;8(1):E1-7.
doi: 10.3978/j.1ssn.2072-1439.2015.11.61.

Tainio M, Jovanovic Andersen Z, Nieuwenhuijsen MJ, Hu L, de Nazelle A, An R et al. Air pollution,
physical activity and health: a mapping review of the evidence. Environ Int. 2021;147:105954.
doi: 10.1016/j.envint.2020.105954.

Davis C. The carbon cost of home delivery and how to avoid it. Horizon. 17 February 2020 (https:/
ec.europa.eu/research-and-innovation/en/horizon-magazine/carbon-cost-home-delivery-and-
how-avoid-it).

Absence from work. Dublin: Eurofound; 2010 (https:/www.eurofound.europa.eu/sites/default/files/
ef_files/docs/ewco/tn0911039s/tn0911039s.pdf).

Hischier R, Reale F, Castellani V, Sala S. Environmental impacts of household appliances in Europe
and scenarios for their impact reduction. J Clean Prod. 2020;267:121952.
doi: 10.1016/j.jclepro.2020.121952.

Ferguson L, Taylor J, Zhou K, Shrubsole C, Symonds P, Davies M et al. Systemic inequalities
in indoor air pollution exposure in London, United Kingdom. Build Cities. 2021;2(1):425-48.
doi: 10.5334/bc.100.

Riley R, de Preux L, Capella P, Mejia C, Kajikawa Y, de Nazelle A. How do we effectively
communicate air pollution to change public attitudes and behaviours? A review. Sustain Sci.
2021;16(6):2027-47. doi: 10.1007/s11625-021-01038-2.

Ramirez AS, Ramondt S, Van Bogart K, Perez-Zuniga R. Public awareness of air pollution and health
threats: challenges and opportunities for communication strategies to improve environmental
health literacy. J Health Commun. 2019;24(1):75—-83. doi: 10.1080/10810730.2019.1574320.


https://ec.europa.eu/research-and-innovation/en/horizon-magazine/carbon-cost-home-delivery-and-how-avoid-it
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/carbon-cost-home-delivery-and-how-avoid-it
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/carbon-cost-home-delivery-and-how-avoid-it
https://www.eurofound.europa.eu/sites/default/files/ef_files/docs/ewco/tn0911039s/tn0911039s.pdf
https://www.eurofound.europa.eu/sites/default/files/ef_files/docs/ewco/tn0911039s/tn0911039s.pdf

33.

34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

44,

45,

References

Laumbach R, Meng Q, Kipen H. What can individuals do to reduce personal health risks from air
pollution? J Thorac Dis. 2015;7(1):96—107. doi: 10.3978/j.issn.2072-1439.2014.12.21.

Global action plan on physical activity 2018—2030: more active people for a healthier world. Geneva:
World Health Organization; 2018 (https:/iris.who.int/handle/10665/272722).

Physical activity [website]. In: WHO/Newsroom/Fact sheets/Detail. Geneva: World Health
Organization; 2020 (https:/www.who.int/news-room/fact-sheets/detail/physical-activity).

Rojas-Rueda D, de Nazelle A, Andersen ZJ, Braun-Fahrlander C, Bruha J, Bruhova-Foltynova H et al.
Health impacts of active transportation in Europe. PloS One. 2016;11(3):e0149990.
doi: 10.1371/journal.pone.0149990.

Hahad O, Kuntic M, Frenis K, Chowdhury S, Lelieveld J, Lieb K et al. Physical activity in polluted
air: net benefit or harm to cardiovascular health? A comprehensive review. Antioxidants.
2021;10(11):1787. doi: 10.3390/antiox10111787.

Carlsten C, Salvi S, Wong GWK, Chung KF. Personal strategies to minimise effects of air pollution
on respiratory health: advice for providers, patients and the public. Eur Respir J. 2020;55(6):1902056.
doi: 10.1183/13993003.02056-2019.

Munzel T, Hahad O, Daiber A. Running in polluted air is a two-edged sword: physical exercise in
low air pollution areas is cardioprotective but detrimental for the heart in high air pollution areas.
Eur Heart J. 2021;42(25):2498-500. doi: 10.1093/eurheartj/ehab227.

Egiguren J, Nieuwenhuijsen MJ, Rojas-Rueda D. Premature mortality of 2050 high bike use
scenarios in 17 countries. Environ Health Perspect. 2021;129(12):127002. doi: 10.1289/EHP9073.

Tainio M, de Nazelle AJ, Gotschi T, Kahlmeier S, Rojas-Rueda D, Nieuwenhuijsen MJ et al. Can air
pollution negate the health benefits of cycling and walking? Prev Med. 2016;87:233—6.
doi: 10.1016/].ypmed.2016.02.002.

Rojas-Rueda D, de Nazelle A, Teixidé O, Nieuwenhuijsen MJJ. Health impact assessment of
increasing public transport and cycling use in Barcelona: a morbidity and burden of disease
approach. Prev Med. 2013;57(5):573—9. doi: 10.1016/].ypmed.2013.07.021.

Khreis H, Cirach M, Mueller N, de Hoogh K, Hoek G, Nieuwenhuijsen MJ et al. Outdoor air
pollution and the burden of childhood asthma across Europe. Eur Respir J. 2019;54(4):1802194.
doi: 10.1183/13993003.02194-2018.

Rojas-Rueda D, Vrijheid M, Robinson O, Gunn Marit A, Grazuleviciené R, Slama R et al.
Environmental burden of childhood disease in Europe. Int J Environ Res Public Health.
2019;16(6):1084. doi: 10.3390/ijerph16061084.

Burton DJ. Portable air cleaners [website]. Dallas (TX): Occupational Health & Safety; 2006 (https:/

ohsonline.com/Articles/2006/01/Portable-Air-Cleaners.aspx?Page=1).

29


https://iris.who.int/handle/10665/272722
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://ohsonline.com/Articles/2006/01/Portable-Air-Cleaners.aspx?Page=1
https://ohsonline.com/Articles/2006/01/Portable-Air-Cleaners.aspx?Page=1

Personal-level actions to reduce air pollution exposure in the WHO European Region

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

30

Kabrein H, Yusof MZM, Leman AM. Progresses of filtration for removing particles and gases
pollutants of indoor; limitations and future direction; review article. ARPN J Eng Appl Sci.
2016;11(6):3633—-9 (http://www.arpnjournals.org/jeas/research_papers/rp_2016/jeas_0316_3856.pdf).

Residential air cleaners: a technical summary, third edition. Washington (DC): Indoor
Environments Division, United States Environmental Protection Agency; 2018 (https://www.epa.
gov/indoor-air-quality-iag/air-cleaners-and-air-filters-home).

Opinion of the French Agency for Food, Environmental and Occupational Health & Safety
concerning “the identification and analysis of the various emerging techniques for indoor air
purification”. Paris: French Agency for Food, Environmental and Occupational Health & Safety; 2017
(https://www.anses.fr/en/system/files/ATR2012SA0236EN.pdf).

Barn P Gombojav E, Ochir C, Laagan B, Beejin B, Naidan G et al. The effect of portable HEPA filter
air cleaners on indoor PM, , concentrations and second hand tobacco smoke exposure among
pregnant women in Ulaanbaatar, Mongolia: the UGAAR randomized controlled trial. Sci Total
Environ. 2018;615:1379—89. doi: 10.1016/j.scitotenv.2017.09.291.

Cheek E, Guercio V, Shrubsole C, Dimitroulopoulou S. Portable air purification: review of impacts on
indoor air quality and health. Sci Total Environ. 2021;766:142585. doi: 10.1016/j.scitotenv.2020.142585.

Morishita M, Adar SD, D'Souza J, Ziemba RA, Bard RL, Spino C et al. Effect of portable air filtration
systems on personal exposure to fine particulate matter and blood pressure among residents in
a low-income senior facility: a randomized clinical trial. JAMA Intern Med. 2018;178(10):1350—7.
doi: 10.1001/jamainternmed.2018.3308.

Brugge D, Simon MC, Hudda N, Zellmer M, Corlin L, Cleland S et al. Lessons from in-home air
filtration intervention trials to reduce urban ultrafine particle number concentrations. Build
Environ. 2017;126:266—75. doi: 10.1016/j.buildenv.2017.10.007.

Paulin LM, Diette GB, Scott M, Mccormack MC, Matsui EC, Curtin-Brosnan J et al. Home
interventions are effective at decreasing indoor nitrogen dioxide concentrations. Indoor Air.
2014;24(4).416—24. doi: 10.1111/ina.12085.

Liu S, WuR, Zhu Y, Wang T, Fang J, Xie Y et al. The effect of using personal-level indoor air cleaners
and respirators on biomarkers of cardiorespiratory health: a systematic review. Environ Int.
2022;158:106981. doi: 10.1016/j.envint.2021.106981.

Fisk WJ, Chan WR. Health benefits and costs of filtration interventions that reduce indoor exposure
to PM, . during wildfires. Indoor Air. 2017;27(1):191-204. doi: 10.1111/ina.12285.

Christian TA, Santanachote P. Air purifier buying guide [website]. In: Appliances/Heating, cooling
and air/Air purifiers. Yonkers (NY): Consumer Reports; 2021. (https.//www.consumerreports.org/
cro/air-purifiers/buying-guide/index.htm).

Fisk W, Chan WR. Effectiveness and cost of reducing particle-related mortality with particle
filtration. Indoor Air. 2017;27(5):42-9. doi: 10.1111/ina.12371.


http://www.arpnjournals.org/jeas/research_papers/rp_2016/jeas_0316_3856.pdf
https://www.epa.gov/indoor-air-quality-iaq/air-cleaners-and-air-filters-home
https://www.epa.gov/indoor-air-quality-iaq/air-cleaners-and-air-filters-home
https://www.anses.fr/en/system/files/AIR2012SA0236EN.pdf
https://www.consumerreports.org/cro/air-purifiers/buying-guide/index.htm
https://www.consumerreports.org/cro/air-purifiers/buying-guide/index.htm

58.

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

References

Noak R, Hassan J. Europe never understood America’s love of air conditioning — until now. The
Washington Post. 25 July 2019 (https:/www.washingtonpost.com/world/2019/06/28/europes-
record-heatwave-is-changing-stubborn-minds-about-value-air-conditioning/).

Opinion of the French Agency for Food, Environmental and Occupational Health & Safety on the
‘Assessment of the expected health benefits of anti-pollution respirators”. Paris: French Agency
for Food, Environmental and Occupational Health & Safety; 2018 (https.//www.anses.fr/en/system/
files/AIR2015SA0218EN.pdf).

Janjua S, Powell P, Atkinson R, Stovold E, Fortescue R. Individual-level interventions to reduce
personal exposure to outdoor air pollution and their effects on people with long-term respiratory
conditions. Cochrane Database Syst Rev. 2021;8(8):CD013441. doi: 10.1002/14651858.CD013441.pub2.

Kodros JK, O'Dell K, Samet JM, L'Orange C, Pierce JR, Volckens J. Quantifying the health
benefits of face masks and respirators to mitigate exposure to severe air pollution. GeoHealth.
2021;5(9):e2021GH000482. doi: 10.1029/2021GH000482.

Damialis A, Gilles S, Traidl-Hoffmann C. Adding the variable of environmental complexity into the
COVID-19 pandemic equation. Allergy. 2022;77(1):331-3. doi: 10.1111/all.14966.

Shi J, Lin Z, Chen R, Wang C, Yang C, Cai J et al. Cardiovascular benefits of wearing particulate-
filtering respirators: a randomized crossover trial. Environ Health Perspect. 2017;125(2):175-80.
doi: 10.1289/EHP73.

Johnson AT. Respirator masks protect health but impact performance: a review. J Biol Eng.
2016;10(1):4. doi: 10.1186/s13036-016-0025-4.

Chiriac AE, Wollina U, Azoicai D. Flare-up of rosacea due to face mask in health care workers
during COVID-19. Maedica. 2020;15(3):416—7. doi: 10.26574/maedica.2020.15.3.416.

Giacalone S, Minuti A, Spigariolo CB, Passoni E, Nazzaro G. Facial dermatoses in the general
population due to wearing of personal protective masks during the COVID-19 pandemic: first
observations after lockdown. Clin Exp Dermatol. 2021;46(2):368—9. doi: 10.1111/ced.14376.

Jones JG. The physiological cost of wearing a disposable respirator. Am Ind Hyg Assoc J.
1991;52(6):219—25. doi: 10.1080/15298669191364631.

Children and P2/N95 respirators. Saint Paul (MN): 3M Company; 2020 (Tech update; https://
multimedia.3m.com/mws/media/17892200/3m-anz-2020-tech-update-respirators-usage-children.
pdf).

Selvaranjan K, Navaratnam S, Rajeev P, Ravintherakumaran N. Environmental challenges induced
by extensive use of face masks during COVID-19: a review and potential solutions. Environ Chall.

2021;3:100039. doi: 10.1016/j.envc.2021.100039.

Sanchez Nicolas E. MEPs urged to find alternative to “‘one-use” Covid masks. EUobserver. 30 March
2021 (https://euobserver.com/coronavirus/151389).

31


https://www.washingtonpost.com/world/2019/06/28/europes-record-heatwave-is-changing-stubborn-minds-about-value-air-conditioning/
https://www.washingtonpost.com/world/2019/06/28/europes-record-heatwave-is-changing-stubborn-minds-about-value-air-conditioning/
https://www.anses.fr/en/system/files/AIR2015SA0218EN.pdf
https://www.anses.fr/en/system/files/AIR2015SA0218EN.pdf
https://multimedia.3m.com/mws/media/1789220O/3m-anz-2020-tech-update-respirators-usage-children.pd
https://multimedia.3m.com/mws/media/1789220O/3m-anz-2020-tech-update-respirators-usage-children.pd
https://multimedia.3m.com/mws/media/1789220O/3m-anz-2020-tech-update-respirators-usage-children.pd
https://euobserver.com/coronavirus/151389

Personal-level actions to reduce air pollution exposure in the WHO European Region

71.

72.

73.

74.

75.

76.

e

78.

79.

80.

8L

82.

32

Klemes JJ, Fan Y Van, Jiang P. The energy and environmental footprints of COVID-19 fighting
measures: PPE, disinfection, supply chains. Energy. 2020;211:118701. doi: 10.1016/j.energy.2020.118701.

Belmonte E. From 25 cents to 8 euros a mask, the price war that paid millions to middlemen
[website]. CIVIO. 24 March 2021 (https://civio.es/quien-cobra-la-obra/2021/03/24/from-25-cents-to-
8-euros-a-mask-the-price-war-that-paid-millions-to-middlemen/).

Gruley B, Clough R. How 3M plans to make more than a billion masks by end of year. Bloomberg.
25 March 2021 (https://www.bloomberg.com/news/features/2020-03-25/3m-doubled-production-
of-n95-face-masks-to-fight-coronavirus).

Zhao X, Knobel P Face mask wearing during the COVID-19 pandemic: comparing perceptions in
China and three European countries. Transl Behav Med. 2021;11(6):1199—-204.
doi: 10.1093/tbm/ibab043.

Howard J, Huang A, Li Z, Tufekci Z, Zdimal V, van der Westhuizen HM et al. An evidence review of
face masks against COVID-19. Proc Natl Acad Sci U S A. 2021;118(4):e2014564118.
doi: 10.1073/pnas.2014564118.

Haischer MH, Beilfuss R, Hart MR, Opielinski L, Wrucke D, Zirgaitis G et al. Who is wearing a
mask? Gender-, age-, and location-related differences during the COVID-19 pandemic. PLOS ONE.
2020;15(10):e0240785. doi: 10.1371/journal.pone.0240785.

Kahane LH. Politicizing the mask: political, economic and demographic factors affecting mask
wearing behavior in the USA. East Econ J. 2021;47(2):163—-83. doi: 10.1057/541302-020-00186-0.

Belafsky S, Vlach J, McCurdy SA. Cardiopulmonary fitness and respirator clearance: an update. J
Occup Environ Hyg. 2013;10(5):277-85. doi: 10.1080/15459624.2013.774631.

Harber P, Barnhart S, Boehlecke BA, Beckett WS, Gerrity T, McDiarmid MA et al. Respiratory
protection guidelines. This official statement of the American Thoracic Society was adopted by the
ATS Board of Directors, March 1996. Am J Respir Crit Care Med. 1996;154(4 Pt 1):1153-65.

doi: 10.1164/ajrccm.154.4.8887621.

Keng BMH, Gan WH, Tam YC, Oh CC. Personal protective equipment-related occupational
dermatoses during COVID-19 among health care workers: a worldwide systematic review. JAAD
Int. 2021;5:85-95. doi: 10.1016/].Jdin.2021.08.004.

Mueller N, Rojas-Rueda D, Cole-Hunter T, de Nazelle A, Dons E, Gerike R et al. Health impact
assessment of active transportation: a systematic review. Prev Med. 2015;76:103—14.
doi: 10.1016/j.ypmed.2015.04.010.

Rojas-Rueda D, de Nazelle A, Tainio M, Nieuwenhuijsen MJ. The health risks and benefits of cycling
in urban environments compared with car use: health impact assessment study. BMJ Online.
2011;343(7819):d4521. doi: 10.1136/bmj.d4521.


https://civio.es/quien-cobra-la-obra/2021/03/24/from-25-cents-to-8-euros-a-mask-the-price-war-that-paid-millions-to-middlemen/
https://civio.es/quien-cobra-la-obra/2021/03/24/from-25-cents-to-8-euros-a-mask-the-price-war-that-paid-millions-to-middlemen/
https://www.bloomberg.com/news/features/2020-03-25/3m-doubled-production-of-n95-face-masks-to-fight-coronavirus
https://www.bloomberg.com/news/features/2020-03-25/3m-doubled-production-of-n95-face-masks-to-fight-coronavirus

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

References

Andersen ZJ, de Nazelle A, Mendez MA, Garcia-Aymerich J, Hertel O, Tjgnneland A et al. A

study of the combined effects of physical activity and air pollution on mortality in elderly urban
residents: the Danish Diet, Cancer, and Health Cohort. Environ Health Perspect. 2015;123(6):557—63.
doi: 10.1289/ehp.1408698.

Fisher JE, Loft S, Ulrik CS, Raaschou-Nielsen O, Hertel O, Tjgnneland A et al. Physical activity, air
pollution, and the risk of asthma and chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2016;194(7):855—65. doi: 10.1164/rccm.201510-20360C.

Kubesch NJ, Jgrgensen JT, Hoffmann B, Loft S, Nieuwenhuijsen MJ, Raaschou-Nielsen O et

al. Effects of leisure-time and transport-related physical activities on the risk of incident and
recurrent myocardial infarction and interaction with traffic-related air pollution: a cohort study. J
Am Heart Assoc. 2018;7(15):e009554. doi: 10.1161/JAHA 118.009554.

Mitsakou C, Adamson JP, Doutsi A, Brunt H, Jones SJ, Gowers AM et al. Assessing the exposure
to air pollution during transport in urban areas: evidence review. J Transp Health. 2021;21:101064.
doi: 10.1016/}.jth.2021.101064.

Rapid evidence assessment of interventions to improve ambient air quality. Edinburgh: Institute of
Occupational Medicine; 2018.

Rojas-Rueda D, de Nazelle A, Teixidd O, Nieuwenhuijsen MJ. Replacing car trips by increasing bike
and public transport in the greater Barcelona metropolitan area: a health impact assessment study.
Environ Int. 2012;49:100-9. doi: 10.1016/j.envint.2012.08.009.

Otero I, Nieuwenhuijsen MJ, Rojas-Rueda D. Health impacts of bike sharing systems in Europe.
Environ Int. 2018;115:387—-94. doi: 10.1016/j.envint.2018.04.014.

de Nazelle A, Bode O, Orjuela JP. Comparison of air pollution exposures in active vs passive travel
modes in European cities: a quantitative review. Environ Int. 2017;99:151-60.
doi: 10.1016/j.envint.2016.12.023.

Jereb B, Batkovi¢ T, Herman L, Sipek G, Kovse S, Gregori¢ A et al. Exposure to black carbon during
bicycle commuting: alternative route selection. Atmosphere. 2018;9(1):21. doi: 10.3390/atmos9010021.

Davies G, Whyatt JD. A network-based approach for estimating pedestrian journey-time exposure
to air pollution. Sci Total Environ. 2014;485-6(1):62—70. doi: 10.1016/j.scitotenv.2014.03.038.

Dirks KN, Wang JYT, Khan A, Rushton C. Air pollution exposure in relation to the commute to
school: a Bradford United Kingdom case study. Int J Environ Res Public Health. 2016;13(11):1064.
doi: 10.3390/1jerph13111064.

Goel A, Kumar P. Characterization of nanoparticle emissions and exposure at traffic intersections

through fast—response mobile and sequential measurements. Atmos Environ. 2015;107:374-90.
doi: 10.1016/j.atmosenv.2015.02.002.

33



Personal-level actions to reduce air pollution exposure in the WHO European Region

95.

96.

97.

98.

99.

100.

101.

102.

103.

Choi W, Ranasinghe D, Bunavage K, DeShazo JR, Wu L, Sequel R et al. The effects of the

built environment, traffic patterns, and micrometeorology on street level ultrafine particle
concentrations at a block scale: Results from multiple urban sites. Sci Total Environ. 2016;553:474—
85. doi: 10.1016/].scitotenv.2016.02.083.

Bejamin E. Micro-mobility market report 2019—2020 winter/spring. Fort Myers (FL): Light Electric
Vehicle Association; 2020 (https:/levassociation.com/micro-mobility-market-report-2019-2020-
winter-spring/).

Disability and cycling: report of 2021 national survey results. London: Wheels for Wellbeing; 2022
(https://wheelsforwellbeing.org.uk/wp-content/uploads/2022/05/Disability-and-Cycling-Report-of-
2021-national-survey-results.pdf).

Shoham DA, Dugas LR, Bovet P, Forrester TE, Lambert EV, Plange-Rhule J et al. Association of
car ownership and physical activity across the spectrum of human development: Modeling the
Epidemiologic Transition Study (METS). BMC Public Health. 2015;15:173.

doi: 10.1186/s12889-015-1435-9.

Inckle K. Disability, cycling and health: impacts and (missed) opportunities in public health. Scand
J Disabil Res. 2020;22(1):417—27. doi: 10.16993/sjdr.695.

Andrews N, Clement I, Aldred R, Invisible cyclists? Disabled people and cycle planning: a case study
of London. J Transp Health. 2018;8:146—56. doi: 10.1016/j.jth.2017.11.145.

Godavarthy RP, Rahim Talegani A. Winter bikesharing in US: user willingness, and operator’s
challenges and best practices. Sustain Cities Soc. 2017;30:254—-62 doi: 10.1016/j.s¢s.2017.02.006.

Van Cauwenberg J, Clarys P, De Bourdeaudhuij I, Van Holle V, Verté D, De Witte N et al. Physical
environmental factors related to walking and cycling in older adults: the Belgian aging studies.
BMC Public Health. 2012;12:142. doi: 10.1186/1471-2458-12-142.

Prati G, Fraboni F, De Angelis M, Pietrantoni L, Johnson D, Shires J. Gender differences in cycling
patterns and attitudes towards cycling in a sample of European reqular cyclists. J Transp Geoqr.
2019;78:1-7 doi: 10.1016/].jtrange0.2019.05.006.

104. Leavey A, Reed N, Patel S, Bradley K, Kulkarni P, Biswas P. Comparing on-road real-time

106.

106.

34

simultaneous in-cabin and outdoor particulate and gaseous concentrations for a range of
ventilation scenarios. Atmos Environ. 2017;166:130—41. doi: 10.1016/j.atmosenv.2017.07.016.

Li B, Lei XN, Xiu GL, Gao CY, Gao S, Qian NS. Personal exposure to black carbon during commuting
in peak and off-peak hours in Shanghai. Sci Total Environ. 2015;524-5:237-45.
doi: 10.1016/j.scitotenv.2015.03.088.

Pui DY, Qi C, Stanley N, Oberdorster G, Maynard A. Recirculating air filtration significantly reduces
exposure to airborne nanoparticles. Environ Health Perspect. 2008;116(7):863—6.
doi: 10.1289/ehp.11169.


https://levassociation.com/micro-mobility-market-report-2019-2020-winter-spring/
https://levassociation.com/micro-mobility-market-report-2019-2020-winter-spring/
https://wheelsforwellbeing.org.uk/wp-content/uploads/2022/05/Disability-and-Cycling-Report-of-2021-national-survey-results.pdf
https://wheelsforwellbeing.org.uk/wp-content/uploads/2022/05/Disability-and-Cycling-Report-of-2021-national-survey-results.pdf

References

107. Lee YY, Lin SL, Yuan CS, Lin MY, Chen KS. Reduction of atmospheric fine particle level by
restricting the idling vehicles around a sensitive area. J Air Waste Manag Assoc. 2018;68(7):656—70.
doi: 10.1080/10962247.2018.1438320.

108. Timmers VRJH, Achten PAJ. Non-exhaust PM emissions from electric vehicles. Atmos Environ.
2016;134:10-17. doi: 10.1016/j.atmosenv.2016.03.017.

109. Partridge J. Electric cars “will be cheaper to produce than fossil fuel vehicles by 2027". The
Guardian. 9 May 2021 (https://www.theguardian.com/business/2021/may/09/electric-cars-will-be-
cheaper-to-produce-than-fossil-fuel-vehicles-by-2027).

110. Campagnolo D, Borghi F, Fanti G, Keller M, Rovelli S, Spinazze A et al. Factors affecting in-vehicle

exposure to traffic-related air pollutants: a review. Atmos Environ. 2023;295:119560.
doi: 10.1016/j.atmosenv.2022.119560.

35


https://www.theguardian.com/business/2021/may/09/electric-cars-will-be-cheaper-to-produce-than-fossil-fuel-vehicles-by-2027
https://www.theguardian.com/business/2021/may/09/electric-cars-will-be-cheaper-to-produce-than-fossil-fuel-vehicles-by-2027

|

AT

WHO/EURO:2024-9115-48887-72806

World European Centre for
Environment and Health
Platz der Vereinten Nationen 1
D-53113 Bonn, Germany

Tel.. +49 228 815 0400

Fax: +49 228 815 0440

Email: euroeceh@who.int
Website: www.who.int/europe

VALV

\\\
\


mailto:euroeceh%40who.int?subject=
http://www.who.int/europe

