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Ἐμπεδοκλῆς (494 – c. 434 BC )

The four elements of which 
all material things are 
composed: water, earth 
(land), fire (combustion) and 
air (ether).
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Sand storm

Weather
Heat waves
Hot spells



- Gases: nitrogen dioxide (NO2), ozone (O3), sulphur 
dioxide (SO2), VOCS , and many others

- Particulate matter (PM), a mix of solid and liquid droplets 
arising from combustion (size and composition).
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Key air pollutants involved 
in natural disasters

• A complex mix of several pollutants!
• Very elevated concentrations

You have no choice: you’ve (the 
exposed populations) got to breathe!
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PM penetration

(UFP)



Thurston GD et al. ERJ 2017

New evidence: Ambient air pollution can affect almost every organ
system of the body
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Two types of health 
effects:

➢ Short-term or 
immediate effects
(ST)

➢ Long-term effects

And many others



EARTHQUAKES (AND BUILDING 
COLLAPSES )
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How many earthquakes?

Since Seismometers introduction (20th Century-Present), the Earth 
experiences each year on avarage: 

 ~16 major earthquakes (Magnitude 7.0–7.9) 

 ~1 great earthquake (Magnitude 8.0+)

 Hundreds of thousands of smaller quakes annually (Magnitude 
4+)

Estimated Total Since 1750 (industrial revolution): around 
150,000–200,000 Magnitude 6+ earthquakes 
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WHERE?



Earthquakes (and Building Collapses 
) pollution

Earthquakes themselves don't directly "emit" air pollutants, but at the origin 
of:

• dust (PM10, PM2.5) release and spread from landslides, rockfalls, and 
building collapses 

• radon gas from cracks in the Earth's crust

• significant sources of:

• pollutants, CO, VOCs, SO2, NOx, from secondary events, like fires and 
chemical spills

• asbestos & heavy metals (Lead, Mercury, etc.) from damage or 
destructionn of old buildings
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Main respiratory effects of earthquakes
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ST: Acute psycological trauma from being trapped or witnessing deaths, LT: PSTD, chronic anxiety and 
sleep disorders related to  respiratory health

Annesi-Maesano 
ERJ 2025

231 papers
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23 January-6 February and 6–20 February 2023

Antakya (Hatay, Turkey 

 → Number of respiratory visits to the emergency room (ER) rose significantly from 44 to 146 
(0.19% and 2.19% of total ER admissions respectively). Leading causes were respiratory 
infections, followed by COPD and asthma. 

Syria 

 → at least 5000 people HOSPITALIZED 

  - 17% of injuries related to the pulmonary system: haemothorax, pneumothorax, 
contusion, ARDS, crush syndrome)

  - respiratory inpatients (20% of all inpatients): 24% asthma, 30% non-tuberculosis
infection, 15% tuberculosis, 10% COPD

- respiratory outpatients: 30% asthma, 40% non-tuberculosis infection, 10% 
tuberculosis, 6% COPD).
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2023 Turkey-Syria Hearthquake respiratory 
burden Yousser ERJ 2024
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A conundrum



VOLCANIC ERUPTIONS
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How many volcanoes eruption?

Since 1750 (industrial revolution):143 documented major volcanic eruptions (VEI ≥ 4). 

Significant eruptions include:

• Mount Tambora, Indonesia (1815): VEI 7, leading to the "Year Without a 
Summer" in 1816.

• Krakatoa, Indonesia (1883): VEI 6, causing global climatic effects.

• Novarupta, Alaska (1912): VEI 6, one of the largest eruptions of the 20th 
century.

• Mount Pinatubo, Philippines (1991): VEI 6, resulting in global temperature 
decreases
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VEI: Volcanic Explosivity Index measures the 
explosiveness of volcanic eruptions 
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WHERE?
(Total)
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WHERE?
Active)



Volcanic eruptions pollution

• A complex mixture of gases and particulates  

– Particulate Matter (PM10 & PM2.5, Volcanic Ash, UFP))

– Sulfur Dioxide (SO₂) and Acidic Gases (sulfuric acid (H₂SO₄))

– CO2, Hydrogen Sulfide (H₂S)

– CO

– Hydrochloric Acid (HCl), Hydrofluoric Acid (HF) 

– Other Halogens

– Mercury and heavy metal

– Radon and radioactive gases
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Volcanic Smog (VOG) formation: 

• Sulfur dioxide (SO₂) + atmospheric oxygen + water 
vapor → sulfuric acid (H₂SO₄) aerosols

• SO₂ and sulfate aerosols mix with other volcanic gases
(e.g., hydrogen sulfide, carbon dioxide) and fine ash, 
forming a thick, hazy smog.

• Winds transport vog over long distances, affecting
communities hundreds to thousands of kilometers away.



Main respiratory health effects of volcaneos
eruptions

• Sulfur dioxide (SO₂), ash, and acidic aerosols

→ ST exposure: Severe lung irritation, increased

asthma/bronchitis/COPD exacerbations, and even acute 

respiratory failure, especially in sensitive individuals (children, 
elderly, and those with pre-existing conditions).

→ LT exposure: Silicosis, pneumoconiosis and chronic lung

diseases from ash.

→ Lung function decline
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Gudmundsson G. Clin Respir J. 2011.
Annesi-Maesano ERJ 2025

109 publications
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2021 volcanic
eruption in La Palma
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DOSE-
RESPONSE 
BETWEEN 
EXPOSURE AND 
HEALTH
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EXCLUSIVELY OF NATURAL ORIGIN?
Natural disasters are catastrophic events that occur due to natural processes of the Earth, 

causing significant damage to life, property, and the environment. These events can be 

sudden or develop over time, leading to severe disruptions in communities and 

ecosystems and impacting health. 

Human activities can contribute to these events in the short and the long term.
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Catastrophe Antropogenic impact

Heatwaves & hot spells Elevated ozone levels, emissions from power 
generation for air conditioning

Cyclones, thunderstorms, flood Rise of sea water level, water cycle

Dust storms Draught and extreme wind

Wildfires Draught and extreme wind

Earthquakes Long-term indirect climate change effects

Volcanic eruptions Long-term indirect climate change effects
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Extreme natural catastrophe on the 
rise

Annesi-Maesano 
ERJ 2025



Interactions between earthquakes and climate

Climate change does not directly cause earthquakes, but it can influence seismic 
activities (stress on fault lines) through: 

1. Glacial Melt and Isostatic Rebound
- Example: The retreat of glaciers in Alaska, Greenland, and Antarctica has been linked to increased seismic 
activity in these regions.

2. Changes in Water and Ice Mass Distribution
- Example: The Three Gorges Dam in China (filled in 2003) led to an increase in small earthquakes due to the 
added water weight and pressure on faults.

3. Intense Precipitation and Landslides
- Example: The 2017 Chiapas earthquake (Mexico) was preceded by heavy rainfall, which may have played a role 
in triggering movement along the fault.

IAM-ERS-BXL-2025
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Intense rainfall can infiltrate faults, 
increasing pore pressure and potentially 
triggering earthquakes

Potential link



Interactions between volcanic eruptions and 

climate system are dynamic and bidirectional

• Volcanic eruptions influences the climate:
– Volcanic greenhouse gas emissions, like carbon dioxide, contribute to long-term 

warming. 

– Volcanic ash and dust can absorb solar radiation.

– Large quantities of aerosols, such as sulphur dioxide, which form sulphate particles in the 

atmosphere reflect sunlight and influence cloud formation and precipitation patterns. 

• Climatic changes affects volcanic activity:
– Melting glaciers reduce pressure on the Earth’s crust, potentially increasing volcanic 

activity

– Rising sea levels alter pressure on underwater volcanoes, potentially influencing their 

eruption patterns.

IAM-ERS-BXL-2025
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WORKERS CONFRONTED WITH 
NATURAL DISASTERS
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Respiratory effects of natural disasters among 

first responders (firefighters). Healthy Worker 

Effects?

IAM-ERS-BXL-2025

Type of Natural Disaster Exposure Short-Term Respiratory Effects Long-Term Respiratory Effects Key Notes

Wildfires

Smoke inhalation, fine particulate 

matter (PM2.5), carbon monoxide (CO), 

toxic gases (e.g., formaldehyde, 

benzene)

- Cough

- Wheezing

- Shortness of breath

- Acute bronchitis

- Decline in lung function (FEV1)

- Chronic bronchitis

- Increased risk of asthma

- Pulmonary fibrosis (in severe cases)

Extended exposure linked to oxidative 

stress and airway inflammation.

High levels of PM2.5 are associated with 

exacerbations of pre-existing conditions 

(e.g., asthma).

Earthquakes
Dust from collapsed buildings (silica, 

asbestos), toxic chemical exposure

- Acute respiratory distress syndrome 

(ARDS)

- Coughing

- Shortness of breath

- Silicosis

- Risk of COPD (from chronic silica 

exposure)

Firefighters involved in rescue 

operations are exposed to high 

concentrations of respirable crystalline 

silica. Use of personal protective 

equipment (PPE) is critical to mitigate 

risks.

Volcanic Eruptions
Volcanic ash (silica, SO2, heavy 

metals), toxic gases

- Upper airway irritation

- Cough

- Acute bronchospasm

- Airway remodelling

- Development of chronic respiratory 

diseases

Exposure to volcanic ash and gases can 

cause long-term scarring of lung tissue, 

especially without proper respiratory 

protection.

Floods
Mold, waterborne pathogens, and 

chemicals from polluted water

- Allergic reactions

- Asthma exacerbation

- Respiratory infections (e.g., 

pneumonia)

- Chronic asthma

- Increased susceptibility to respiratory 

infections

Mold spores and endotoxins are 

common respiratory irritants in post-

flood environments. Decontamination 

procedures are essential to reduce 

health risks.

Hurricanes and Tornadoes
Debris particles, toxic fumes from 

chemical spills, mould

- Irritation of airways

- Acute bronchitis

- Hypoxemia (in severe cases)

- Persistent asthma

- Potential COPD development

Exposure to airborne debris and 

chemicals during rescue operations is a 

major concern. Respiratory symptoms 

are often compounded by physical 

exertion in high-stress conditions.
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Protection Measures for Earthquakes and 
Volcanic Eruptions First Responders
Eartquakes

• Protection Measures for Earthquake 
First Responders

– Helmet, eye protection, gloves, 
protective gloves

– Respiratory Protection – N95 or 
P100 masks to prevent inhalation of 
dust and asbestos.

• Training & safety protocols

• Advanced technology

– Drones, sensors, robotics

Volcanic eruptions

• Protection Measures for Earthquake First 
Responders

– Heat-resistent clothing, booths, google  

– Respiratory Protection – Gas Masks or Self-
Contained Breathing Apparatus (SCBA) – 
Protects against toxic gases (SO₂, CO₂, 
H₂S, fluorine

• Training & safety protocols 

• Advanced technology

– Thermal cameras&satellite, drone &sensors, 

– Lahar Early Warning Systems – Detects 
volcanic mudflows to protect responders.
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MECHANISMS
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bronchial hyperreactivity, mucus production, local inflammation, systemic

inflammation, microbiome disturbance, epigenetic changes ...

Respiratory 
symproms
Asthma
COPD
IPF
Etc. IAM-ERS-BXL-2025

Annesi-Maesano ERJ 2025



Epithelial barrier dysfunction

photochemically 
reactive compounds

Innate and adaptive 
immune response

Systemic 
inflammation

Mucus production Oxidative stress

Local 
inflammation

Airway hyperreactivity
Bronchial obstruction

apoptosis autophagy

Metabolic impact on blood 
vessels, liver, heart, brain

Epigenetic changes Gene toxicity

Immediate consequences

Long-term consequences

Transgenerational impact

Microbiome 
perturbance

Chronic epithelitis 
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PREVENTION
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Mitigation strategy
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Type of Natural Disaster Mitigation Strategies Most Affected Groups/Populations Health and Environmental Inequalities

Floods
Climate-adaptive infrastructure, early warning 

systems, clean water supply, rapid post-

disaster medical response

Residents in disaster-prone areas, 

immunocompromised individuals, elderly, 

children

Lack of infrastructure, challenges in accessing 

shelter and healthcare after disasters

Cyclones, Hurricanes and 

Storms
Early warning systems, post-disaster clean 

water supply, securing shelters

Residents in disaster-prone areas, low-income 

individuals, immunocompromised populations

Lack of infrastructure in low-income areas, 

challenges in accessing clean water

Dust Storms

Use of masks, reducing soil erosion 

(increasing vegetation), monitoring 

occupational exposure, education for 

vulnerable groups

Farmers, outdoor workers, elderly, young 

children, individuals with chronic diseases

Limited access to healthcare in rural areas, 

economic barriers to mask availability

Wildfires
Indoor air filtration systems, HEPA filters, N95 

masks, specific health measures for 

firefighters and vulnerable populations

Firefighters, outdoor workers, children, 

elderly, individuals with chronic respiratory 

conditions

Lack of access to air filtration systems in low-

income households, insufficient protective 

equipment for firefighters

Volcanic Eruptions
Use of masks, evacuation plans, public health 

advisories, volcanic ash analyses

Residents near volcanic regions, asthma 

patients, elderly, children

Barriers to evacuation and healthcare access, 

inadequate infrastructure in rural areas

Earthquakes

Earthquake-safe buildings, dust control 

measures, distribution of proper protective 

equipment, post-earthquake emergency 

health services

Residents in disaster zones, rescue teams, 

workers, individuals with chronic conditions

Presence of unsafe, older buildings in low-

income areas, difficulties accessing healthcare 

after disasters

Annesi-Maesano ERJ 2025



IAM-ERS-BXL-2025

PATIENT EDUCATION



Take-home message

• Volcanic eruptions and earthquakes, as the other natural disasters, produce high amount of 

a mix of air pollutants

• Natural disasters have a significant impact on respiratory health in general populations, 

especially in susceptible and vulnerable individuals, and first responders. 

• Earthquakes and volcanic eruptions although natural may be interconnected to climate 

change

• Need for call for action for effective prevention and intervention strategies for protecting 

respiratory health, and general physical and mental health in general, during such natural 

disasters

• Need for protection measures for first responders (overall volonteers)

• Need for patients information and protection

• Need for further studies and research (available data are scarce)
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isabella.annesi-maesano@inserm.fr
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To my collaborators
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