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Learning Objectives

● Describe the pathways through which climate change affects 
ozone, PM2.5, and other ambient respiratory irritants and how 
these pollutants impact climate-sensitive respiratory diseases 

● Describe how climate change might impact indoor air quality
● Describe how climate change makes air quality regulation 

more complex and difficult
● Identify populations that are vulnerable to degraded air 

quality.  Describe how health professionals can protect these 
vulnerable patients



Learning Objectives

● Explain how wildfires/bushfires are impacted by climate 
change and the direct and indirect health implications

● Describe how climate change increases the risk of complex 
disasters due to combined and cascading events (heatwaves 
followed by wildfires)

● Identify particularly vulnerable patients and families and 
teach about risk mitigation, such as limiting outside work and 
recreation during poor air quality days



Introduction

● In 2019, 99% of the world 
population was living in 
places where the WHO air 
quality guidelines levels 
were not met



Introduction

● Ambient (outdoor) air 
pollution and indoor 
(household, in particular) air 
pollution combined cause 
approximately 7 million 
premature deaths every year
○ Result of increased 

mortality from stroke, 
ischemic heart disease 
(IHD), chronic obstructive 
pulmonary disease (COPD), 
lung cancer and acute 
respiratory infections





Key air pollutants

● Ozone
● Particulate matter 

(PM2.5 and PM10)
● Nitrogen Dioxide
● Sulfur Dioxide
● Carbon Monoxide



Recommended AQG levels and interim targets
(WHO global air quality guidelines, 2021)

● Evidenced, health-based 
standards for specific air 
pollutants that should be 
adopted

● Initially set in 2005, updated 
in 2021

● Most new recommended 
limits for concentrations and 
exposures are lower

● 2021 update shows how air 
pollution affects many 
aspects of health, even at low 
levels



Ozone (O3)

● Primarily in troposphere (10%) and 
stratosphere (90%; “ozone layer”)

● Tropospheric  ozone- mostly 
created as a byproduct of human 
activities creating photochemical 
smog
○ Secondary pollutant
○ Sunlight is required for 

production- concentrations of 
tropospheric ozone higher during 
afternoons and summer months



Ozone (O3)

● Pungent smell
○ Irritates eyes and the mucous membranes of the respiratory 

system, aggravating chronic diseases, such as asthma
● In healthy people, exposure to relatively low concentrations of 

ozone during periods of moderate exercise can significantly 
reduce lung function 
○ Symptoms may include chest  pain, nausea, coughing, and 

pulmonary congestion
● Damages vegetation causing significant reduction in crop yield and 

crop quality



Various pollutants are involved in the production of photochemical 
smog, which consists of both primary and secondary pollutants.



Particulate matter (PM2.5 and PM10)

● Particulate matter- mixture of solid particles and liquid droplets 
found in the air
○ PM10 : inhalable particles, with diameters 10 micrometers and smaller
○ PM2.5 : fine inhalable particles, with diameters 2.5 micrometers and 

smaller
● Sources of PM

○ Construction sites, unpaved roads, fields, smokestacks, fires
● Harmful effects

○ Contains microscopic solids or liquid droplets that are easily inhaled
○ PM10 particles can get deep into the lungs or even the bloodstream
○ PM2.5 (fine particles) pose the greatest risk to health
○ Reduced visibility 



Caribbean countries with annual mean concentrations of PM2.5 in urban areas 
exceeding the WHO recommendation of 10 μg/m3 Source of data: WHO 
http://gamapserver.who.int/gho/interactive_charts/phe/oap_exposure/atlas.html

http://gamapserver.who.int/gho/interactive_charts/phe/oap_exposure/atlas.html


Locations of settlements with data on (A) PM2.5 and 
(B) PM10 concentrations, 2010–2019



Nitrogen Dioxide (NO2)

● Nitrogen Dioxide (NO2) is part of the highly reactive  NOx gases 
family (oxides of nitrogen or nitrogen oxides)
○ Used as the indicator for the larger group of NOx

● Primary source- burning of fuel
○ Emissions from cars, trucks and buses, power plants, and off-road 

equipment
● Exposure irritates airways in the human respiratory system

○ Short periods- aggravate respiratory diseases, particularly asthma 
(coughing, wheezing or difficulty breathing)

○ Longer periods- contribute to the development of asthma and 
potentially increase susceptibility to respiratory infections



Nitrogen Dioxide (NO2)

● NOx starts as mostly NO
● VOCs in atmosphere convert to NO2

● NO2 reacts with others to form nitric 
acid and PANs (peroxyacyl nitrates)

● Sunlight- NO2 convert back to NO 
and produce O3



Sulfur Dioxide (SO2)

● SO2 is used as the indicator for 
the larger group of gaseous 
sulfur oxides (SOx)

● Largest atmospheric source-
burning of fossil fuels by power 
plants and other industrial 
facilities

● Smaller sources- industrial 
processes; natural sources 
(volcanoes); and locomotives, 
ships and other vehicles and 
heavy equipment that burn 
fuel with a high sulfur content

Source: caricom.org 

Source: Virgin Islands Daily News



Sulfur Dioxide (SO2)

● Short-term exposure- irritates respiratory system and makes breathing 
difficult

● SO2 emissions that lead to high concentrations in the air generally also 
lead to the formation of other sulfur oxides (SOx)

● SOx can react with other compounds in the atmosphere to form small 
particles (contribute to PM)



Carbon Monoxide (CO)

● CO is a colorless, odorless gas that can be harmful when inhaled in 
large amounts
○ Released by combustion

● Exposure to high concentrations- reduces the oxygen that can be 
transported in the blood stream to critical organs 

● Indoor air quality- high concentrations can cause dizziness, 
confusion, unconsciousness and death

● Outdoor air quality (rarely compromised by CO)- elevated levels 
affect persons with some types of heart disease. 



Carbon Monoxide (CO)

● Outdoor sources- vehicles or machinery that burn fossil fuels
● Indoor sources- unvented kerosene and gas space heaters, leaking 

chimneys and furnaces, and gas stoves 

Source: https://phvfd227.org/carbon-monoxide-info/ Source: Jamaica Gleaner



Zoom Poll Question 1



How do you think Caribbean air quality
levels and the associated impacts
compare to those in the US?

● Lower
● Higher
● The same



Air Quality in the Caribbean
● Exposure to particulate matter in 26 cities 

across the Caribbean and Latin America is 
“more than twice the US standard” 
(Cifuentes et al, 2005)
○ Uncertainty about ground-level ozone due to 

lack of data
● Air pollution a major contributor to morbidity 

and mortality, especially in developing 
countries (including Caribbean countries) 
○ Lack of air quality regulations and 

enforcement 
○ Socioeconomic, geographic, and 

climatological factors



Air Quality in the Caribbean

Attributable mortality and disability adjusted life years (DALYs) due to 
outdoor air pollution

30 deaths and 307 DALYS per 1000 
Americas subregion B (includes the Caribbean) 

> 
28 deaths and 200 DALYs per 1000

Americas subregion A (includes Canada and the US)



Air Quality in the Caribbean

● Sources include:
○ Burning fossil and biomass fuels to generate electricity, for heating, 

cooking, and transportation (PM2.5, PM10, CO, NO2, Pb, SO2, ground-level 
O3, CO2)

○ Windblown dust
○ Wildfires
○ Gases and PM emitted from volcanic eruptions

● Origins
○ Local/regional sources
○ Distant/global sources

● Transportation of volcanic ash and dust across long distances, has been 
shown to contribute to air pollution and respiratory diseases in some 
Caribbean countries



Air Quality in the Caribbean

● Study of air pollution 
and respiratory 
health among 
elementary school 
children in 
Guadeloupe 
(Amadeo et al. 2015)
● Mean PM10 levels in 

over 70% of the 
schools exceeded 
the WHO AQG

● Saharan dust 
strongly suspected 2020 Godzilla dust event Photo credit: Alexander James



Air Quality in the Caribbean

● Humidity interacting with dust 
from the Sahara has been shown to 
produce PM in Barbados, Grenada, 
Trinidad and Tobago, and USVI
○ Increased visits to the emergency 

department due to exacerbated asthma 
in the Caribbean (Akpinar-Elci et al. 2015; 
Garrison et al. 2014; Gyan et al. 2005; 
Monteil 2008)

○ Note that particle size of Saharan dust 
varies from < 5 μm (as reported in 
studies from Barbados and Bermuda) to 
between 5 and 30 μm (Goudie and 
Middleton 2001)

Ragged/Deebles Points, Barbados Photo credit: CIMH 



Air Quality in the Caribbean

Barbados Daily Dust 

Concentrations: 2003-2004

Air Quality Issues

(Prof. Joseph Prospero, 

University of Miami)



Air Quality in the Caribbean
● Ash from the Soufriere volcano in Montserrat was linked to an increase in asthma 

admissions in Guadeloupe after it erupted in 2010 (Cadelis et al. 2013)
● Fine volcanic ash/dust (combination of PM, SO2 & other toxic gases, H2Ov) < 60 μm

Ash in Barbados after La Soufriere, St Vincent 2021 eruption Photo credit: Andrea Sealy



Indoor Air Quality

● Around 2.6 billion people cook using polluting open fires or simple 
stoves fueled by kerosene, biomass (wood, animal dung and crop 
waste) and coal.

● Each year, close to 4 million people die prematurely from illness 
attributable to household air pollution from inefficient cooking 
practices using polluting stoves paired with solid fuels and kerosene.
○ 27% are due to pneumonia
○ 18% from stroke
○ 27% from IHD
○ 20% from COPD
○ 8% from lung cancer



Indoor Air Quality

Source: https://m.facebook.com/caribbeanindustrialresearchinstitute/

Almost 50% of deaths due to 

pneumonia among children under 5 

years of age are caused by 

particulate matter (soot) inhaled 

from household air pollution



Zoom Poll Question 2



Wildfires are predicted to increase under
all future climate scenarios.

● TRUE
● FALSE



Climate Change and Wildfires

● Wildfires significantly affect the global carbon cycle
○ Occurrence in ecosystems which store large amounts of terrestrial carbon 

releases vast quantities of CO2

○ May accelerate the positive feedback loop in the carbon cycle - rising 
temperatures

● Wildfire smoke contains particulates and toxic combustion
○ Respiratory harm 
○ Cardiovascular impacts
○ Increased risk of neurological disorders

● Sustained exposure to smoke PM can be fatal (esp. persons with impaired 
lung function or other pre-existing health problems)

● Exposure to smoke particulates above safe levels can cause chronic impacts 
that reduce life expectancy and increase pressure on public health systems



Climate Change and Wildfires



Climate Change and Wildfires

● The numerical values of the RCPs 
refer to the possible range of 
radiative forcing values in the year 
2100. 

● RCPs are used to build future 
climate scenarios based on 
greenhouse gas emissions from 
human activities, depending on the 
efforts taken to limit greenhouse gas 
emissions (high efforts taken under 
RCP2.6, low efforts under RCP8.5)

● RCP2.6 is the scenario that will likely 
keep global warming below 2°C by 
2100 – significant impact on 
reducing wildfire occurrence



Climate change will directly affect the 
frequency and magnitude of extreme 
weather conducive to the outbreak 
and spread of wildfires. It will also lead 
to longer wildfire seasons where the 
fire season may begin earlier and end 
later. 

Increased wildfire activity can 
positively impact greenhouse gas 
emissions that reinforce climate 
change drivers. (UNEP, 2022)

(Illustration by Andrew Sullivan/CSIRO, 2021)



Climate Change and Air Quality
Climate change favoring atmospheric temperature increase 

(natural or anthropogenic) 

Increased demand for air conditioning 
(mean daily minimum temperature  > 18 °C, Trewin 2014)

Increased energy consumption 

Increased air pollutant concentration 
(e.g., PM such as black carbon) and GHG



Climate Change and Air Quality
• The long-term cumulative effects of GHG

• Global warming, an important indicator of climate change 
• Climate change expected to alter the concentration of airborne respiratory 

allergens because of CO2 and temperature impact on plant growth 
• Impacts health burden of meteorological events such as windblown dust and mold



Climate Change and Air Quality



Climate Change and Air Quality



Climate Change and Air Quality

● Predicted to impact air quality by altering the concentration and 
distribution of major air pollutants particularly CO2, O3, fine PM , and 
aeroallergens

● Extreme weather (hurricanes, heavy precipitation, and flooding) create 
environments conducive for mold, mildew, and other bioaerosols (Ivey et 
al. 2003; Milia´n and Dı´az 2004)

● Climate change will have a major impact on terrestrial ecosystems of small 
islands, hence increasing atmospheric carbon concentration via a 
reduction in natural carbon sinks 

● Aggravated by poor land use management, indiscriminate forest and bush 
burning practices, urbanization and industrialization, rapid population 
growth, and an increase in energy demand by citizens and tourists



Climate Change and Air Quality

● Expected increases in environmental exposure to PM (e.g., 
black carbon, soot, and Saharan dust), pollens, mold, other 
bioaerosols, and ground-level ozone

● Increased atmospheric CO2 levels associated with increase in 
ragweed (flourishes in tropical and subtropical climates and 
native to Guadeloupe, Jamaica, and Martinique; CABI 2016, 
Ziska et al. 2011)

● Aeroallergens from pollen producing  plants are expected to 
increase (Richter et al. 2013).



Zoom Poll Question 3



Which of these do you think is useful in 
preparing for an air pollution event and 
protecting those most vulnerable? 

● Observations
● Predictions
● Advisories
● All of the above



Who is vulnerable?



Who is vulnerable?



Who is vulnerable?



How can we prepare and protect?

● Observations
● Predictions
● Advisories (short term and seasonal)
● WMO Caribbean Regional Climate Center 

https://rcc.cimh.edu.bb/
● CIMH Dust and Air Quality Forecasting Centre 

http://dafc.cimh.edu.bb/
● Other mitigation strategies

https://rcc.cimh.edu.bb/
http://dafc.cimh.edu.bb/


How can we prepare and protect?



How can we prepare and protect?



How can we prepare and protect?



Open-ended question



How can health professionals 
protect the vulnerable 
persons in our communities ?
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