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ABSTRACT Historically, bioaerosol research has focused on identifying and mitigat­
ing the harmful effects of airborne pathogens and particles. These bioaerosols—
including bacteria, viruses, fungal spores, and non-biological particles, such as partic­
ulate matter up to 2.5 µm (PM2.5)—pose substantial risks to human and ecosystem 
health. They can contribute to diseases and adverse outcomes in humans, animals, 
plants, and their associated microbial communities. Researchers have concentrated on 
understanding transmission mechanisms, detecting and quantifying these agents, and 
developing control strategies. However, a recent paradigm shift in aerobiome think­
ing highlights the importance of beneficial bioaerosols in maintaining ecosystem and 
human health. Beneficial bioaerosols, such as salutogenic (health-promoting) micro­
biota, phytoncides (plant-derived organic compounds), pheromones, and potentially 
“aeronutrients” contribute to human health modulation and important ecosystem 
processes. This dual nature of bioaerosols necessitates a holistic approach to promote 
beneficial components while mitigating harmful ones. Here, we introduce a recently 
established initiative called the Aerobiome Innovation and Research Hub (AIR Hub), 
which aims to advance this interdisciplinary research. We call for action to further 
understand and leverage the beneficial biological components of air for both human and 
ecosystem health and present the results of an AIR Hub workshop “reverse brainstorm­
ing” session to identify novel opportunities and challenges. These include key barriers to 
advancing aerobiome science, such as poor communication, methodological complexity,
and fragmented regulation. Solutions focused on clearer definitions, improved research 
methods, targeted communication, and stronger policy engagement. Finally, we present 
the key policy implications of advancing this aerobiome paradigm shift.

KEYWORDS aerobiome, urban microbiome, bioaerosols, microbiome, urban ecology, 
AIR Hub

H istorically, bioaerosol research has predominantly focused on identifying and 
mitigating the harmful effects of airborne pathogens and particulate matter (1, 2). 

This emphasis is well reflected in reviews, such as Nazaroff (3), which provide a compre­
hensive overview of airborne microbial exposure risks in indoor environments, particu­
larly in relation to human health protection. Harmful bioaerosols, which include bacteria, 
viruses, fungal spores, and pollen, can pose significant risks to human health, ecosystem 
processes, and agricultural productivity (4, 5). For instance, airborne pathogens can 
lead to respiratory diseases, allergies, and infections in humans, while also causing 
widespread damage to wild and agricultural plants and wild and domestic animals 
(6, 7). For decades, researchers have concentrated on understanding the transmission 
mechanisms of these harmful agents, developing methods to detect and quantify their 
presence, and creating strategies to control their spread (8). This focus was driven by 
the urgent need to protect public health and ensure food security. Major outbreaks 
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of diseases, such as tuberculosis, influenza, coronavirus disease 2019 (COVID-19),
and agricultural blights have underscored the importance of controlling harmful 
bioaerosols (9).

Research in this area is vital. However, there has been a recent paradigm shift in 
thinking about bioaerosols (10). Researchers now recognize the importance of beneficial 
bioaerosols in maintaining ecosystem and human health (11, 12). This new perspec­
tive emphasizes the need to understand and harness the beneficial aspects of bioaero­
sols, such as their role in nutrient cycling, plant growth, and human immune system 
modulation. Beneficial bioaerosols, including non-pathogenic bacteria, fungal spores, 
phytoncides (plant-derived organic compounds), and pheromones, can contribute to 
environmental and human health in various ways. For instance, phytoncides (e.g., alpha 
and beta-pinene) are known to reduce blood pressure, enhance NK cell activity in 
people (13, 14), and improve sleep in mouse models (15). The concept of “aeronutrients” 
(airborne nutrients or bioactive molecules, such as manganese and iodine that may have 
salutogenic effects) was also recently discussed (16). It is also known that floral (i.e., 
organic) cues emitted by plants are important in the pollination process, and pollution 
can adversely impact this relationship (17). Moreover, bumble bees’ exposure to different 
environmental conditions and microbiota influences their gut-community composition, 
with potential implications for their health (18).

Additionally, exposure to diverse microbial communities in the air can help train and 
regulate the human immune system, potentially reducing the prevalence of allergies and 
autoimmune diseases (19). Exposure to urban house dust drives an allergic Th1-type 
immune response, while exposure to biodiverse rural dust drives a Th2-type anti-inflam-
matory immune response (11). Exposure to microbiota from natural environments (via 
touch and undefined exposure pathways) is known to increase species richness in the 
human microbiome and enhance immunoregulation (20). Moreover, being close to a 
microbially diverse indoor green wall is associated with an increase in beneficial skin 
microbiota (21).

Understanding the dual harmful and beneficial nature of bioaerosols is essential 
for developing comprehensive strategies to improve public and ecosystem health. 
The correlations between these groups of bioaerosols must be understood to avoid 
inadvertently promoting harmful bioaerosols in an attempt to safeguard beneficial 
bioaerosols. By promoting beneficial bioaerosols and mitigating harmful ones, we can 
create healthier environments for humans and ecosystems alike. Recent reviews have 
highlighted the critical role of the microbiome in linking human, animal, and environ­
mental health, reinforcing the value of a One Health approach to microbiome research 
(22). This integrative framing supports our call for interdisciplinary collaborations and 
systems-level thinking in aerobiome science.

To operationalize this holistic thinking, interdisciplinary collaborations are required. 
To this end, we founded the Aerobiome Innovation and Research Hub (AIR Hub; https://
www.aerobiome.org). The AIR Hub is currently made up of 16 academics and practition­
ers from various disciplines (e.g., microbial ecology, restoration ecology, immunology, 
landscape architecture, soil biology, bioinformatics, environmental health, and molecular 
biology) that influence bioaerosol research and this holistic way of thinking about air and 
its biological components (Table 1).

While a unified theoretical framework for beneficial bioaerosol function is still 
emerging, current evidence points to several plausible and interacting biological 
mechanisms. These include modulation of immune function via exposure to environ­
mental microbial diversity, enhancement of microbiome richness through airborne 
microbial transfer, physiological responses to plant-derived volatiles and aeronutrients, 
and broader ecosystem-level processes, such as pollination and soil–plant–air microbial 
feedbacks (14, 17, 19, 20). Together, these mechanisms suggest a need for an inte­
grative model that captures the multi-scalar and cross-kingdom nature of bioaerosol 
impacts. We anticipate that ongoing interdisciplinary collaboration will help formalize a 
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conceptual structure to support both scientific investigation and policy translation in this 
area.

Here, we introduce the Aerobiome Innovation and Research Hub (AIR Hub), which 
aims to advance this interdisciplinary research. We call for action to further understand 
and leverage the beneficial biological components of air for both human and ecosystem 
health and present the results of a “reverse brainstorming” session to identify opportu­
nities and challenges. Finally, we present the key policy implications of advancing this 
aerobiome paradigm shift.

THE MISSION

The core aim is to research and safeguard the beneficial biological components of air and 
encompasses four key objectives (Fig. 1).

Investigate the importance of the aerobiome for human and ecosystem 
health

Researching the critical role that airborne microbial communities play in maintaining 
human health and ecosystem stability. This includes studying how beneficial microbes 
and biogenic compounds in the air can enhance immune system function, promote 
mental well-being, and support biodiversity. We also aim to understand how biodiversity 
and environmental drivers shape the aerobiome.

Drive innovation in aerobiome science

Fostering cutting-edge research and technological advancements in aerobiome science. 
By developing new methods for detecting, analyzing, and utilizing beneficial bioaerosols, 
the aim is to advance the understanding and application of these invisible components 
in improving human and ecosystem health.

TABLE 1 Glossary of terms

Term Definition

Aerobiome The collection of microorganisms (and their theater of activity) in a 
given air space.

Bioaerosols Airborne particles that contain or are derived from living organisms, 
such as bacteria, viruses, pollen, and fungal spores.

Biodiversity The variety and variability of life forms within a given ecosystem, 
region, or the entire planet, encompassing diversity in species, 
genes, traits, functions, and ecosystems.

Biogenic Originating from biological processes, referring to substances or 
particles produced by living organisms.

Environmental health The branch of public health that focuses on the interactions between 
people and their environment, aiming to prevent health problems 
related to environmental exposures.

Landscape architecture The art and science of designing, developing, and managing outdoor 
spaces, environments, and public spaces to achieve ecological, 
social, and aesthetic outcomes.

Particulate matter A mixture of solid particles and liquid droplets found in the air, which 
can include dust, dirt, soot, and smoke, and can have adverse health 
effects when inhaled.

Restoration ecology The science of restoring degraded, damaged, or destroyed 
ecosystems.

Volatile organic compounds Organic chemicals that have a high vapor pressure at room 
temperature, contributing to air quality and potentially impacting 
health and the environment.
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Improve aerobiome science communication

Effective communication of scientific findings is essential. We should strive to enhance 
public and scientific community awareness of the importance of the aerobiome. This 
involves creating accessible educational materials, engaging with the media and hosting 
workshops/talks to share the latest research insights and innovations.

Promote healthy environments through restoration and design

We advocate for and implement strategies to enhance environmental health through 
ecosystem restoration and biodiversity-positive landscape design. By integrating 
knowledge of beneficial bioaerosols into environmental management practices, we can 
create healthier, more resilient ecosystems and human communities.

WHAT IS HEALTHY AIR?

Defining “healthy air” can be challenging. One might typically define it as air that is 
free from pollutants and harmful substances that can negatively impact human health 
and ecosystems. However, drawing from modern public health narratives, “health” is 
considerably more than “the absence of disease” (23). Healthy air might consist of 
the appropriate balance of gases, including oxygen, nitrogen, and trace amounts of 
other gases, without excessive levels of pollutants, such as particulate matter (PM), 
nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO), volatile organic 
compounds (VOCs), and ozone (O3). Given the recent paradigm shift in thinking about 
many microorganisms and biogenic compounds as having health-promoting properties, 
a definition of healthy air might then also include some consideration for the presence, 
abundance, and diversity of these constituents (Fig. 2). Further challenges involve the 
types and concentrations of pollutants, which vary widely depending on location, 
weather, and human activities (24). Urban areas may have higher levels of vehicular and 
industrial emissions, while rural areas might be more affected by agricultural activities 
and natural sources like dust or wildfires (25).

FIG 1 The AIR Hub mission components.
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Different pollutants also have different health impact thresholds. For example, 
particulate matter (PM2.5) is harmful at lower concentrations compared to larger particles 
(PM10) (26). Determining safe exposure levels for all pollutants simultaneously is complex 
because they interact and can have cumulative or synergistic effects (27). Moreover, 
the health impacts of air pollution vary among individuals based on age, health status, 
genetic factors, and lifestyle (28). Vulnerable populations, such as children, the elderly, 
and those with pre-existing health conditions, are more susceptible to the adverse 
effects of poor air quality (29). Some species might tolerate or even prefer certain 
chemical parameters considered toxic to others. Furthermore, air quality standards that 
are appropriate for one region may not be suitable for another due to differences in 
local climate, geography, industrial activity, and baseline pollution levels. Thus, defining 
healthy air requires a contextual approach that considers these regional variations.

A workshop on defining “healthy air” coordinated by BioAirNet, a UK Research 
& Innovation (UKRI) Strategic Priorities Fund (SPF) clean air program (https://bioair­
net.co.uk/), resulted in a white paper being produced, with the following conclusion:

“The idea of ‘clean’ air does not fit with the ever-present nature of bioaero­
sols. Current research supports the concept that both outdoor and indoor 
air contains many different types of bioaerosols that can both benefit and 
harm our health. Based on this existing knowledge, we propose that healthy 
air comprises a wide diversity of bioaerosols, while unhealthy air contains 
fewer types of bioaerosols in usually high concentrations” (30).

Given the emerging evidence for the importance of diverse exposures to certain 
environmental microorganisms and biogenic compounds (10), there is a need for 
interdisciplinary collaborations to gain further insights.

THE AEROBIOME PARADIGM SHIFT “REVERSE BRAINSTORMING”

The inaugural AIR Hub workshop took place in December 2023. The workshop com­
prised a series of talks from academics and practitioners whose work relates to the 
aerobiome and air quality. This was followed by an evaluation of aerobiome sampling 

FIG 2 A shift in thinking about bioaerosols—taking a holistic view of the biological components of air (both negative and positive) and how they interact with 

human and ecosystem health in pathogenic (health-demoting) and salutogenic (health-promoting) ways. This includes considerations for the non-biological 

particles (e.g., PM) that interact with the bioaerosols.
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TABLE 2 Results from the aerobiome sampling evaluationa,b

Methodology What it measures Advantages Disadvantages

Air impingement All bioaerosols. Culture independent.
Program to sampling cycle.

Bubbles, osmotic stress, and foaming 
may impact cell viability. Liquid can 
evaporate over long sampling times.

10–12 L/min (low).
Air impaction All bioaerosols. An Anderson sampler can separate different 

bioaerosols based on size to replicate a human 
lung.

Bioaerosol deposition onto agar or solid 
surface—diverse measurement.

Affordable depending on impactor.
Portable.
Minimal handling after sampling.

Can be cost-prohibitive, depending on 
sampler choice

Limited by culture medium portability.
Agar plates can dry out over long 

sampling times.
Bounce off bioaerosols.
Colony overgrowth.
Impaction can impact cell viability.
High cell counts environments cause 

overgrowth.
Bertin Technologies Coriolis 

Micro sampler
All culturable bioaerosols.

Wet sampling.
High volume (300 L/min).
Particles captured in fluid prevent cell and 

genetic material degradation and ready for 
analysis.

Cost—unit is expensive.
NiMH battery limited (1 h).
Wet sampling and construction sensitive 

to challenging field environments.
Passive sampling Bacteria, fungi, archaea. Easy to use and can capture vertical stratification. Time—need to leave for an extensive 

period.
Contamination.
Accuracy—at representing dynamic 

environments.
Bertin Technologies Coriolis 

Compact sampler
All culturable bioaerosols.

Dry sampling.
Compact LiPo longer battery life (8 h at 20°C).
High volume (50 L/min).

Cost—expensive.
Dry air sampling—kill microbes/degrade 

genetic material.
Research International SASS 

3100
All culturable bioaerosols.

Dry sampling with 
single-use electret filters

Very rugged, easily field operable.
Long battery life (25 h with rechargeable Li-ion 

battery).
High volume (300 L/min).
Programmable.
Wireless control possible.
ISO 14698-1 compliant.

Cost—very expensive (per unit and 
continual disposable filter cost).

Dry sampling—kill microbes/degrade 
genetic material.

Filtration All bioaerosols Low cost.
Diverse measurement method:

• Direct visualization via microscopy

• Liquid extraction for culture/molecular 
methods

Diverse filter choice allowing for selective 
binding.

Suitable for high cell count environments.

Qualitative studies.
Cell viability loss due to drying out on the

filter.

TRIO.BASAIRBIO TRIO Portable three aspirating heads air sampler.
100 or 200 L/min flow rate model.
Bluetooth capability for data transfer.

The aspirating chamber is suitable for 
55 mm contact plates or 90 mm petri 
dishes (culture dependent).

BioCapt Single-Use Microbial 
Impactor/MiniCapt Mobile 
Microbial Air Sample

Adjustable height and diameter mechanism for 
versatile petri dish compatibility (86–92 mm).

HEPA-filtered exhaust ensures no environmental 
contamination of critical control points.

Autoclavable 316 L stainless steel impactor head.
Sampling flow rate (25–100 L/min).

Culture dependent.
Battery time (6 h [100 L/min]−12 h [25 L/

min]).

(Continued on next page)
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methods (Table 2) and a reverse brainstorming session to identify solutions to current 
and emerging issues that may hinder aerobiome research and innovation.

When selecting a bioaerosol sampling method, it is important to consider the 
specific environmental context and research goals. For urban settings, where particulate 
pollution is higher and microbial loads may be lower or more transient, high-volume 
samplers like the Coriolis Micro or SASS 3100 offer better temporal resolution and are 
well suited to short-duration, high-throughput sampling, including culture-independent 
analyses. However, their cost and sensitivity to field conditions may limit their use in 
rural or remote areas. Passive samplers and filtration-based methods, while low-cost 
and field-deployable, require long exposure times and may be more suitable for rural 
environments with stable conditions or where power sources are unavailable. Methods 
like electrostatic precipitation and impactors (e.g., Andersen samplers) provide fine 
particle separation and can be adapted for both culture-dependent and -independ­
ent analyzes, but often require careful calibration and humidity control. Importantly, 
compatibility with culture-independent methods such as DNA-based analysis varies: 
wet sampling (e.g., Coriolis Micro) generally preserves genetic material more effectively, 
while dry sampling or impact-based techniques may reduce microbial viability and 
degrade nucleic acids. These trade-offs should be carefully considered when designing 
studies across diverse environmental contexts.

Given the growing emphasis on culture-independent approaches in microbiome 
science, it is important to consider how sampling methods influence downstream 
molecular analyses. While our focus was on comparing air sampling strategies, many of 

TABLE 2 Results from the aerobiome sampling evaluationa,b (Continued)

Methodology What it measures Advantages Disadvantages

Sartorious Membrane filters.
Battery time (6 h [100 L/m]−12 h [25 L/min]).
Use of a variety of nutrient media.
The solubility of the gelatin membrane 

filter allows further applications (e.g., rapid 
microbiology, virus sampling, and sampling of 
high bacterial concentrations).

Sample volume—25, 50, 100, 250, 500, 750, and 
1,000 L

Air flow rate adjustable in five steps 10, 20, 30, 50, 
and 125 L/min (only when BACTairTM culture 
media plates are used).

Total sampling time with one battery 
charge approx. 4.5 h at 50 L/min, 4 h at 
125 L/min.

Electrostatic precipitation Flow rate = 1–10 L/min.
Different collection media can be used in this 

study: agar, deionized and sterilized water, and a 
filter material.

Exposure of microorganisms to an 
external electrical field can cause 
conformational changes in the protein 
helix-coil or metastable conformational 
transitions in the polynucleotide mode. 
Some sensitive bacteria can sustain 
injuries during sampling.

It was found that evaporation of the 
collection medium, such as water 
or the liquid component of agar, 
increases the humidity inside the EAS. 
This may affect the size distribution 
of the particles being collected and 
thus result in decreasing physical and 
biological efficiencies of the electrostatic 
precipitation method.

aHigh efficiency particulate air (HEPA), referring to a type of mechanical air filter designed to capture at least 99.97% of airborne particles down to 0.3 µm in size, including 
dust, pollen, mold, bacteria, and other pollutants.
bElectrostatic air sampler (EAS), a specific type of air sampler that uses electrostatic forces to attract and capture airborne particles, especially biological ones.
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the methods discussed vary in their compatibility with DNA/RNA-based techniques. Wet 
sampling approaches, such as impingement and the Coriolis Micro, are generally better 
at preserving nucleic acids, making them well-suited for amplicon or metagenomic 
sequencing. In contrast, dry sampling methods—such as impactors or filters—may 
reduce microbial viability and degrade genetic material, though they remain widely used 
due to field robustness and portability. These trade-offs should guide method selection 
when molecular analysis is a key objective.

Reverse brainstorming

Reverse brainstorming is a creative problem-solving technique where instead of seeking 
solutions to a problem, participants focus on generating ideas to make the problem 
worse. By intentionally brainstorming ways to exacerbate the issue, individuals can 
identify potential pitfalls, obstacles, and negative factors that might not be immediately 
obvious. This approach can lead to a deeper understanding of the problem and highlight 
areas that need attention. Once these harmful ideas are listed, the process is reversed to 
find constructive solutions by addressing and mitigating the identified negative factors. 
Reverse brainstorming encourages lateral thinking and can uncover innovative solutions 
that might otherwise be overlooked (31). The workshop reverse brainstorming activity 
aimed to identify key factors (Fig. 3) that could inhibit the development of the AIR Hub’s 
objectives and co-design potential solutions (Table 3).

CONCLUSIONS AND POLICY IMPLICATIONS

Understanding the dual nature of bioaerosols—both harmful and beneficial—is essential 
for developing comprehensive strategies to improve public and ecosystem health. The 
recent paradigm shift in bioaerosol research emphasizes the need to harness the positive 

FIG 3 A word cloud of the key perceived issues to address to improve the development of aerobiome 

science. Themes include communication, methodology, and health concerns.
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aspects of microbial communities in the air while continuing to mitigate their harmful 
effects. The Aerobiome Innovation and Research Hub (AIR Hub) represents an effort to 
advance this holistic perspective. This advancement will have implications for various 
international policies (Table 4).

Current air quality frameworks, including the WHO Air Quality Guidelines, primarily 
target chemical pollutants and particulate matter, with limited attention to the biological 
composition of the air. However, there is a pressing need to evolve existing regulatory 
frameworks to incorporate the biological dimensions discussed in this article. This could 
involve expanding monitoring systems to include indicators of bioaerosol composi­
tion and function, particularly in relation to immune modulation, mental health, and 
biodiversity support. As highlighted by Kumar and Gupta (32), adaptive and science-
informed air pollution policies are essential for responding to emerging threats and 
opportunities (32). Integrating beneficial bioaerosols into air quality regulation would 
align with a broader shift towards more holistic and health-promoting environmental 
policies (e.g., WHO-IUCN Nature-Based Solutions for Health) and support the develop­
ment of evidence-based strategies that safeguard not only the absence of harm but also 
the presence of ecological benefit in the air.

By encouraging interdisciplinary collaborations and promoting innovative research, 
we can elucidate the potential roles of beneficial bioaerosols (airborne compounds and 
molecules that may confer a benefit, e.g., health-promotion) in human and ecosystem 
health. There is a need for diverse microbial exposures and effective communication 
and policy development to support these findings. Our tabular outputs evaluate air 
sampling methods, identify key factors that could inhibit the development of future 
aerobiome research, and set the initiative in the context of global policies. Moving 

TABLE 3 Results of the reverse brainstorming activity

Problems Exacerbated Solutions

Definition of aerobiome and poor communica­
tion

Worsen the poor communication—generate 
confusing messages.

Definitions and recognition by the World Health 
Organization.

Sterility of air (fear and concern) Poor communication—media misinformation; less 
research; disregard of beneficial components.

More research on the beneficial components and 
clearer messaging by scientists and policymakers.

Prevalence of air toxins/pollutants Proliferation of pollution, ecosystem degradation. Legislation responses on WHO regulations on air 
quality; sustainable development goals, including 
scientific literature on air quality.

Regulatory “nightmare”—separation of 
relevant stakeholders and sector fragmenta­
tion

Ignorant leader; lack of science-based policies. Talk with policy leaders—via small but progressive 
steps.

Complexity—in aerobiome science, design, 
linking to human and ecosystem health

Conflicting evidence; lack of collaborations; too 
many variables.

Robust experimental designs.

Limitations in sampling and other methods Do not use multiple methods; ignore limitations. Use complementary methods; innovate new 
methods.

Methods—sampling dynamics Extreme weather events; ignore variability. Create standards; measure environmental 
conditions.

Funding Not applying for grants; underestimate the 
benefits/risks of collaborations.

Apply for more grants and emphasize the need 
(funder awareness).

Vulnerable populations (health, socioeconom­
ics)

Disconnect cause/effect; victim shaming; 
#dealwithit

Improve communication; create risk assessments.

One health (environment, humans, animals) Implement localized solutions; disconnect; quick 
fixes.

Collaborate; learn from past efforts; acknowledge 
others (emotions, people, culture).

Methodological uncertainty (equipment, 
sampling, reproducibility)

Create silos; no standards; small sample sizes. Outline problem framework—parameters; create 
standards.

Polarization and poor communication Do not collaborate; lack of open data. Involve the public, researchers, government, 
funders, and communicators in policy develop­
ment.
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forward, integrating knowledge of bioaerosols (both the salutogenic and pathogenic 
components) into environmental management practices and research agendas will be 
crucial for creating healthier, more resilient ecosystems and communities.

Highlights

• Paradigm shift: aerobiomes play dual roles—harmful and beneficial bioaerosols 
can impact both ecosystem and human health.

• Holistic air quality: promoting beneficial bioaerosols while mitigating harmful 
ones can improve environmental health.

• Interdisciplinary collaboration: we need diverse teams to foster cross-sectoral 
innovation in aerobiome science and health.

• Policy integration: understanding bioaerosols supports global health and 
environmental policies, driving comprehensive change.

TABLE 4 International policies relevant to advancing a holistic perspective in aerobiome science

Policies/guidelines Relevance

World Health Organization (WHO) Air Quality Guidelines. These guidelines provide recommendations on safe levels of various air pollutants, 
including particulate matter (PM2.5 and PM10), which are relevant to harmful 
bioaerosols. The guidelines aim to protect human health from the adverse effects 
of air pollution.

United Nations Sustainable Development Goals (SDGs) SDG 3: Good health and well-being
• Targets under this goal include reducing deaths and illnesses from hazardous 

chemicals and air, water, and soil pollution and contamination.

SDG 11: Sustainable cities and communities
• This goal includes making cities and human settlements inclusive, safe, 

resilient, and sustainable, with specific targets related to air quality.

SDG 13: Climate action
• Aims to combat climate change and its impacts, which indirectly includes 

improving air quality and reducing harmful bioaerosols.

The Clean Air Act (U.S. Environmental Protection Agency) This U.S. law regulates air emissions from stationary and mobile sources to ensure that 
air quality meets health-based standards. It includes regulations that limit emissions 
of harmful particles and gases, which are relevant to bioaerosol research.

European Union Air Quality Directive The EU has set limits for air pollutants, including PM2.5 and PM10, through this 
directive. It aims to protect human health and the environment from the negative 
impacts of air pollution, which includes harmful bioaerosols.

Convention on Biological Diversity (CBD) This international treaty aims to conserve biological diversity, promote sustainable use 
of its components, and ensure fair and equitable sharing of benefits arising from 
genetic resources. The convention’s goals indirectly support the understanding and 
management of bioaerosols as part of biodiversity.

The International Health Regulations (IHR) Managed by the WHO, the IHR is a legally binding framework for international health 
security. It includes measures for preventing and responding to the international 
spread of diseases, including those transmitted by bioaerosols.

Kyoto Protocol and Paris Agreement These international treaties aim to combat climate change by reducing greenhouse 
gas emissions. While primarily focused on climate change, they also address broader 
environmental health issues, including air quality improvement.

Nagoya Protocol on Access and Benefit-Sharing A supplementary agreement to the CBD, this protocol addresses the fair and equitable 
sharing of benefits arising from the utilization of genetic resources, which can include 
microorganisms in bioaerosols.

World Health Organization (WHO) Guidelines on Indoor Air 
Quality

These guidelines provide recommendations for maintaining healthy indoor air quality, 
addressing pollutants that can affect health, including bioaerosols.

Global Action Plan for the Prevention and Control of Noncom­
municable Diseases 2013–2020 (WHO)

This plan aims to reduce the burden of noncommunicable diseases through measures 
that include improving air quality and reducing exposure to harmful pollutants, 
including bioaerosols.
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