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Abstract : Ambient air pollution remains one of the leading global environmental risk factors
for mortality and morbidity. This review summarizes current problems driving poor outdoor air
quality (major pollutants and sources, health and climate interactions, monitoring and
governance gaps), evaluates practical technical and policy solutions (source controls, technology
options, urban and energy planning, monitoring and community actions), and gives prioritized,
evidence-based recommendations for policymakers, practitioners and researchers. The review
draws on recent authoritative assessments and selected case studies to link problem diagnosis
with proven and emerging interventions.
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Introduction. Air pollution particularly fine particulate matter (PM₂.₅), nitrogen dioxide (NO₂),
ozone (O₃), sulfur dioxide (SO₂) and carbon monoxide (CO) — remains ubiquitous in urban and
many rural settings worldwide, causing substantial premature mortality and disease burden.
WHO and global burden studies estimate millions of deaths annually attributable to ambient and
household air pollution; the majority of the global population still live in places exceeding WHO
guideline levels. These facts both motivate and shape the choice of protective interventions.

This paper synthesizes recent evidence on the current problems constraining air quality
improvement, and on practical solutions that have demonstrated effectiveness across sectors
(energy, transport, industry, households, agriculture and urban planning). It is intended as an
actionable review for environmental health professionals, municipal planners, and policymakers.

2. Current problems

2.1. Scale and health burden. Global estimates indicate that air pollution contributed to millions
of premature deaths (estimates range from ~6.7 million in earlier WHO reporting to higher
estimates in recent integrated burden reports), with cardiovascular disease and stroke accounting
for the largest share of mortality attributable to outdoor PM₂.₅ exposure. This high burden
underscores the public-health urgency of control measures.

2.2. Diverse sources and sectoral complexity. Key emitting sectors include: (1) combustion of
solid fuels in households (cooking/heating), (2) transport (especially diesel and aging vehicle
fleets), (3) stationary industry and power plants (coal and heavy fuel oil), (4) small-scale and
informal industry, and (5) open burning and agriculture (crop residue, waste burning) — with
seasonal wildfires increasingly important in many regions. The relative contribution of each
source varies by region; targeted interventions require local source apportionment.
2.3. Compound risks — climate, wildfire and inequity. Air pollution interacts with climate
change (e.g., increased wildfire frequency and severity, changes in atmospheric chemistry
increasing ozone) and disproportionately affects disadvantaged communities. Recent studies
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show wildfire smoke may be more damaging than previously estimated, and climate-driven
increases in smoke exposure make this an urgent priority.
2.4. Monitoring, data and governance gaps. Many low- and middle-income countries have sparse
reference monitoring networks, hampering policy design and public information. Even where
networks exist, translating data into enforceable limits and cross-sectoral policies remains
challenging. Low-cost sensors help expand spatial coverage but require calibration and quality
assurance.
2.5. Technology deployment and cost barriers. Proven end-of-pipe technologies (electrostatic
precipitators, fabric filters, scrubbers, selective catalytic reduction) are effective but require
upfront capital, skilled operation and energy; in many places, economic and institutional
constraints delay their adoption.

For household sources, clean fuels and efficient stoves reduce emissions but depend on supply
chains and affordability.

3. Practical technical and policy solutions

This section groups solutions by scale and sector, emphasizing evidence of effectiveness and
implementation feasibility.
3.1. National and city policy instruments
Adopt and operationalize WHO Air Quality Guidelines (AQG): The 2021 WHO AQGs set lower
target levels (e.g., annual mean PM₂.₅ = 5 µg·m⁻³; NO₂ = 10 µg·m⁻³) and provide interim targets.
Even if immediate achievement is unrealistic, these guidelines provide benchmarks to shape
regulation and long-term targets. Integrating AQGs into national standards drives regulatory
upgrading.
Integrated cross-sectoral air quality plans: Combine measures across energy, transport, industry,
waste and agriculture, with clear emissions inventories, timelines, and monitoring-linked
enforcement. Examples from UNEP and regional integrated assessments show integrated
planning is cost-effective.
3.2. Energy and industrial measures. Phase out high-sulfur coal and heavy fuel oils; retire or
retrofit old power plants with best available controls (fabric filters, ESPs, wet/dry scrubbers and
selective catalytic reduction for NOₓ). End-of-pipe stacks remain essential where fuel switching
is not yet possible.
Accelerate clean electricity and decentralised renewables to reduce emissions from power
generation and facilitate electrification of transport and heating. Linking emission reduction with
climate co-benefits is high leverage.
3.3. Transport and urban mobility. Electrify road transport (buses, light vehicles) and set stricter
tailpipe and fuel quality standards; promote public transport, active transport, and freight modal
shift to rail and water where feasible. China’s 2025 targets and many cities’ low emission zones
demonstrate measurable air-quality improvements when combined with enforcement.
Phased scrappage and inspection/maintenance programs for high-emitting vehicles and stricter
emissions inspection programs reduce fleet emissions rapidly.
3.4. Household and community interventions. Clean household energy: Transition from solid
fuels to LPG, natural gas, electricity, or validated clean biomass technologies. Programs must
include subsidies, supply chains, and behavior change. Household transitions also reduce
ambient concentrations in many cities where domestic heating is a primary source.
3.5. Agricultural and waste management measures. Controlled residue management (no-burn
practices), improved manure handling and modernized waste collection reduce episodic spikes
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from open burning. Regulatory enforcement and alternatives (biochar, composting) help
adoption.
3.6. Monitoring, data science and public information. Expand high-quality monitoring networks
(reference stations) supplemented with calibrated low-cost sensors to improve spatial coverage;
maintain quality assurance. WHO databases and city inventories are essential for policy
evaluation.
Real-time public advisories and health guidance empower communities (e.g., vulnerable groups
avoiding heavy exposure days) and create political accountability.
3.7. Nature-based solutions and urban design. Green infrastructure (urban trees, vegetated
buffers) can provide local benefits for particulate deposition and urban cooling; however, design
must consider species selection, maintenance and pollutant trapping limits — not a standalone
solution. Urban form, zoning and reduced car dependence have larger systemic effects.

4. Technology compendium: matching problems to tools A short practical guide:

High particulate emissions from industry/power → fabric filters (baghouses) and high-efficiency
electrostatic precipitators; wet/dry scrubbers for SO₂; combined systems often necessary for
multi-pollutant streams.

5. Case studies (selected)

Bishkek, Kyrgyzstan: UNEP and UNDP source apportionment found residential coal heating as
the major contributor to seasonal pollution, leading to targeted household fuel interventions. This
underscores the need for local diagnostics before prescribing measures.

China (national push, 2024–2025): Intensified controls, new emission standards, expansion of
new energy vehicles and transport modal shifts were highlighted in recent national policy pushes
to eliminate “severe air pollution” areas, illustrating how combined top-down policy and
technological adoption can show measurable improvements over a short period.

6. Implementation challenges and equity considerations

Financing: Capital needs for industrial retrofits and household transitions can be large; blended
finance, climate funds and targeted subsidies are practical levers.
Institutional capacity: Effective enforcement requires regulatory agencies with monitoring,
laboratory and legal capacities. Capacity building through international partnerships (e.g., UNEP
programs) is proven and scalable.
Equity: Policies should avoid regressive impacts — e.g., fuel price reforms must be paired with
social safety nets and accessible clean alternatives.
7. Prioritized recommendations (actionable)

1. Adopt WHO AQG targets as long-term benchmarks and set realistic interim targets tied to air
quality monitoring and enforcement.
2. Invest in robust monitoring (reference stations + calibrated low-cost sensors) and public data
portals to inform policy and community actions.
3. Implement cross-sectoral national air quality plans with clear sectoral emission reduction
targets (energy, transport, households, agriculture).
4. Scale clean household energy programs with financing and supply chain support where
domestic burning is dominant.
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5. Accelerate transport electrification and modernize vehicle fleets with stringent fuel and
tailpipe standards.
6. Finance industrial retrofits (baghouses, ESPs, scrubbers, SCR) through public-private
mechanisms and conditional compliance timelines.
8. Research gaps and future directions
Health effects of wildfire smoke vs. urban PM: recent evidence suggests higher toxicity from
wildfire smoke and underestimation of short-term mortality; further toxicological and
epidemiological work is needed.

Integrated assessments of co-benefits: quantifying health, climate and economic benefits from
emission reductions strengthens policy cases and financing proposals. Sensor networks and data
assimilation: improved methods for calibrating low-cost sensors and integrating disparate data
into models for exposure estimation.

9. Conclusion

Air quality protection is technologically feasible and highly cost-effective when health co-
benefits are included. Success depends on integrating evidence-based technical measures (from
household fuel switching to industrial emission controls), strengthened monitoring, cross-
sectoral policy frameworks, equitable financing and focused local diagnostics. Adopting WHO
AQGs as a guiding ambition, while sequencing feasible interim steps, offers a defensible
roadmap to reduce the large, preventable burden of disease from polluted air.

Selected references and resources (for further reading) WHO — Global Air Quality Guidelines:
particulate matter (PM2.5 and PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon
monoxide (2021). WHO Air Pollution Data Portal and Global Burden estimates. UNEP — Air
quality and national/regional capacity building resources. Compendium / technical guides on air
pollution control technologies (Infomil / national technical reviews / APCTT compendium).
Recent analyses on health-climate co-benefits and projections (SoGA / academic studies).
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