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https://www.ucl.ac.uk/news/2021/feb/fossil-fuel-air-pollution-responsible-1-5-deaths-worldwide



Air Pollution Background 

https://earth.org/10-facts-about-air-pollution/ 

https://earth.org/10-facts-about-air-pollution/


A Chronology of Global Air Quality
Fowler D et al. 2020 A   royalsocietypublishing.org/journal/rsta

• Air pollution has been recognized as a threat health threat since the 
time of Hippocrates, ca 400 BC. 

• The industrial revolution accelerated the emissions of pollutants, 
culminating with the great smog of London in 1952.

• The 1952 London smog resulted in the premature mortality of 
approximately 12 000 people. 

• The public and political reaction led to the introduction of the Clean Air 
Act in 1956.

https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0314 

https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0314


A chronology of global air quality, Volume: 378, Issue: 2183, DOI: (10.1098/rsta.2019.0314) 

The decline in Sulfur dioxide (SO2 ) and smoke in London following the Clean Air Act (1956) 

Data from the ‘bubbler method’ sampling air through a peroxide solution in water and ultraviolet (UV) spectroscopy. 



The Donora Smog Revisited: 70 Years After the Event That Inspired the 
Clean Air Act. 

Elizabeth T. Jacobs, PhD, AJPH Supplement 2, 2018, Vol 108, No. S2

• In October 1948, the communities of Donora and Webster in 
Pennsylvania were visited by a smog that changed the face of 
environmental protection in the United States. 

• 20 individuals died, and about 5900, 43% of the population of 
Donora, were affected by the smog.

• The enactment of the Clean Air Act of 1970 (1970 CAA) 
resulted in a major shift in the federal government's role in air 
pollution control.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922205/#:~:text=At%20the%20end%20of%20October,were%20affected%20by%20the%20smog. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922205/#:%7E:text=At%20the%20end%20of%20October,were%20affected%20by%20the%20smog


NYC south view from the Empire State Building in 1966, one of the worst smog days. 

https://www.nytimes.com/2017/02/28/nyregion/new-york-city-smog.html 

“The dawning of 
environmental 
consciousness in the 
USA during the 1960s 
led to a national 
commitment to clean 
air and water with the 
creation, in 1970, of 
the Environmental 
Protection Agency.”

Credit...Neal Boenzi/The New York Times

https://www.nytimes.com/2017/02/28/nyregion/new-york-city-smog.html


Chicago, had some of 
the worst air quality in 
the world as wildfire 
smoke from Quebec, 
Canada, seeps into the 
Midwest. 

The fires impacted 
Chicago, Milwaukee 
and Detroit, and all 
three cities hit the 
purple zone of the AQI, 
or air quality index

https://www.cbsnews.com/news/chicago-worst-air-quality-canadian-wildfire-smoke-june-27-2023/ 

Chicago has the worst air quality in the world due to Canadian wildfire 
smoke   By Caitlin O'Kane, June 27, 2023, CBS News

https://www.cbsnews.com/news/chicago-worst-air-quality-canadian-wildfire-smoke-june-27-2023/


Air Quality Index (AQI).

https://earth.org/history-of-air-pollution/ 

Different countries have their own air quality indices, corresponding to different national air quality standards.

https://earth.org/history-of-air-pollution/


Air Pollution Today

https://earth.org/history-of-air-pollution/ 

WHO: 91% of the world’s 
population is living in places where 
air pollution levels exceed the WHO 
guideline limits.

The worst air quality in the world is 
in the Global South, especially in 
Africa, South America, and 
Southeast Asia.

Developing nations are rich in fossil 
fuels, and coal power plants are 
prevalent in these regions. 

They rely on wood, crop wastes, 
charcoal, coal and kerosene for 
cooking, heating, and lighting.The 10 most world’s polluted cities were in India, with a PM2.5 of 106.2

https://earth.org/history-of-air-pollution/


https://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database/2022 

PM10, PM2.5, NO2 Annual Means & Data Accessibility

https://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database/2022


EPA is strengthening the level of the annual standard for fine particles (PM2.5) to 9.0 µg/m3

https://www.epa.gov/system/files/documents/2024-02/2024-pm-naaqs-final-overview-presentation.pdf 

https://www.epa.gov/system/files/documents/2024-02/2024-pm-naaqs-final-overview-presentation.pdf


Air Pollutants
Most Dangerous and Widespread Outdoor Air Pollutants in the US



• Air pollutants can be composed 
of solid matter or gaseous 
particles. 

• The solid particles form 
particulate matter (PM) vary in 
size, ranging from ultrafine to 
coarse particles. 

• PM also varies in composition, 
making it important to measure, 
especially toxic PM such as black 
carbon.  

• A variety of air pollutants 
include: ground-level ozone, 
nitrogen dioxide, volatile organic 
compounds (VOCs).

Air pollutant classification

https://www.clarity.io/blog/how-measuring-different-types-of-air-pollutants-creates-a-more-holistic-picture-of-air-pollution https://www.nps.gov/subjects/air/sources.htm

https://www.clarity.io/blog/how-measuring-different-types-of-air-pollutants-creates-a-more-holistic-picture-of-air-pollution


• Coarse particles, called PM10, can 
include wind-blown dust, ash, pollen 
and smoke.

• Fine particles, PM2.5, are most often a 
by-product of burning wood or fossil 
fuels.

• The tiniest are called ultrafine 
particles, or PM0.1, which are also 
produced by combustion.

Particulate Matter – PM10, PM2.5, PM0.1

Source: https://www.epa.gov/pm-pollution 

https://www.epa.gov/pm-pollution


The 2020 demolition of a smokestack at the Crawford power plant sent dust billowing through Little Village.
Tyler Pasciak LaRiviere/Sun-Times file

Hilco to pay $12.25 million in class-action lawsuit over dust 
cloud debacle in Little Village

Particle Matter Pollution 
(PM) occurs when tiny 
particles from dirty power 
plants, construction and 
demolition activities, 
wood and fuel burning, 
wildfires, road dust, and 
vehicle emissions enter 
the air.

http://www.stateoftheair.org/https://chicago.suntimes.com/2024/1/17/24041324/hilco-smokestack-demolition-2020-settlement-little-village-12-million

http://www.stateoftheair.org/


http://www.stateoftheair.org/

PM2.5 Explained

• Particulate Matter (PM) is a mixture of solid and liquid particles suspended in the 
air. 

• PM2.5 are fine particles with a diameter less than 2.5 µ remain suspended in the air 
for longer durations. 

• Health risk with PM2.5: Can travel into the lungs and the blood stream.
• PM2.5 is used to describe pollutant levels, from exposure of PM2.5 over a 24-hour 

period.
• PM2.5 at or below 12 μg/m3 is considered healthy with little to no risk from 

exposure. 
• Levels at or above 35 μg/m3 during a 24-hour period, the air is considered 

unhealthy for people with breathing issues.
•  Prolonged exposure to levels above 50 μg/m3 can lead to sever health issues and 

premature mortality.

https://www.indoorairhygiene.org/pm2-5-explained/#:~:text=If%20the%20level%20goes%20to,health%20issues%20and%20premature%20mortality. 

http://www.stateoftheair.org/
https://www.indoorairhygiene.org/pm2-5-explained/#:%7E:text=If%20the%20level%20goes%20to,health%20issues%20and%20premature%20mortality


https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics 

Ozone is a gas composed of three atoms of 
oxygen. Ozone occurs both in the Earth's upper 
atmosphere and at ground level. Ozone can be 
good or bad, depending on where it is found.

Stratospheric ozone is “good” because it 
protects living things from ultraviolet radiation 
from the sun. 

Ground-level ozone is “bad” because it can 
trigger health problems, particularly for 
children, the elderly, and people with lung 
diseases.

Ground-level Ozone (or Smog, O3) forms when 
emissions from vehicles, refineries, chemical 
plants, paint and solvents react with heat and 
sunlight.

Ground-level Ozone Pollution

https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics


Other Outdoor Air Pollutants

• Nitrogen Oxides (NO2/NOx) from burning fuels, 
It contributes to ozone pollution.

• Carbon Monoxide (CO) a by-product of 
combustion.

• Sulfur Dioxide (SO2) from power plants and 
refineries

• Air Toxics from power plants.

• Lead (Pb) from incinerators and contaminated 
materials

(Image source: Sompornrattanaphan et al.)

https://www.researchgate.net/publication/339567258_The_contribution_of_particulate_matter_to_respiratory_allergy_A_review_of_current_evidence


Indoor Air Pollutants

• Asbestos: microscopic mineral fibers that can be 
inhaled into the lungs.

• Biological Pollutants: Viruses, Bacteria, Fungi, Mold, 
Dust Mites, Cockroaches.

• Carbon Monoxide (CO) and Nitrogen Dioxide (NO2), 
odorless, colorless gases

• Lead: toxic metal once common in household products 
and paint

• Radon: naturally occurring radioactive gas that is 
colorless and odorless.

• Secondhand Smoke: tobacco smoke; includes benzene, 
formaldehyde and CO.

• Volatile Organic Compounds (VOCs): chemicals in 
household products, formaldehyde, and benzene from 
gas stoves.



https://evidence.nejm.org/doi/full/10.1056/EVIDra2200068 

Health Implications of Air Pollution

https://evidence.nejm.org/doi/full/10.1056/EVIDra2200068


Fossil fuel air pollution responsible for deaths 
worldwide  (University College London, 9 February 2021)

• An estimated 1 in 5 deaths (18 to 21.5%) every year can be attributed to 
fossil fuel pollution.

• More than 8 million people around the globe die each year as a result of 
air containing particles from burning fuels like coal, petrol and diesel.

• Aggravating respiratory conditions, and can lead to lung cancer, 
coronary heart disease, strokes and early death.

https://www.ucl.ac.uk/news/2021/feb/fossil-fuel-air-pollution-responsible-1-5-deaths-worldwide



https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution


https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution


https://diabetesjournals.org/diabetes/article/61/12/3037/33738/Air-Pollution-and-Type-2-DiabetesMechanistic 

Air Pollution, including PM2.5, Ozone (O3), and nitrogen dioxide 
(NO2), can enter the bloodstream, impacting organs, including 
the ones involved in glucose metabolism. 

•Exposure to air pollution for long time, may lead to systemic 
inflammation, disruption of insulin production and insulin 
resistance and, raising the risk for Type 2 Diabetes.

•The pollutants generate oxidative stress, damaging pancreatic 
cells, which are responsible for insulin production and secretion.

•The Gut Microbiome is vital to regulating glucose metabolism, 
and air pollution can leading to an increased risk of Diabetes.

https://diabetesjournals.org/diabetes/article/61/12/3037/33738/Air-Pollution-and-Type-2-DiabetesMechanistic


Health Effects of Ozone Pollution
• Ozone can be harmful, especially on hot sunny days when ozone can reach unhealthy 

levels. 

• People most at risk include people with asthma, children, older adults, and people who 
are active outdoors, especially outdoor workers.

• Depending on the level of exposure, ozone can:
•Cause coughing and sore throat, difficult to breathe, pain with deep breath and 
damage the airways. Make the lungs more susceptible to infection and worsening 
asthma, emphysema, and chronic bronchitis.

• Some of these effects have been found even in healthy people.

• Long-term exposure to ozone is associated with increase deaths from respiratory 
causes.

https://www.epa.gov/ground-level-ozone-pollution/health-effects-ozone-pollution



The Mechanism of Air Pollutants for Airway Disease.

• Ozone is highly reactive, and oxidizes 
proteins and lipids in the lung. This increases 
lung permeability, via pro-inflammatory 
cytokines.

• Allergic airway diseases are linked to 
exposure to atmospheric pollutants. This may 
be a factor in the increasing prevalence of 
asthma. 

• The combined effect of ozone and diesel 
exhaust particles (DEPs) may develop and 
exacerbate asthma

https://www.mdpi.com/1660-4601/18/18/9905



https://ww2.arb.ca.gov/resources/fact-sheets/air-pollution-and-brain/printable/print

Exposed animals to UFPM < 0.1 µ showed:

•Inhaled particles can travel through the nasal 
nerve from the nasal cavity into the brain.

•UFPM carried in the bloodstream can pass 
through the barrier that normally protects the 
brain

•Chemical markers of brain inflammation can 
increase.

A Canadian study found that risk of dementia 
increased the closer people lived to major roadways.

A  U.S. study showed higher risk of cognitive decline 
and dementia when exposed to levels of PM2.5, and 
< 2.5 µ above the national standard.

Air Pollution and the BrainParticulate Matter – PM2.5, PM0.1



https://www.mdpi.com/2079-4991/12/15/2656 

• Studies showed high risk of cardiovascular 
events with long-and short-term exposure to air 
pollutants.

• The MESA study determined that long-term 
exposure to PM2.5, NOx, and ozone was 
associated with the progression of coronary artery 
calcification and atherosclerosis.

• Higher levels of air pollutants are associated with 
hypertension and higher risk of mortality from 
ischemic heart disease, arrhythmias, and heart 
failure.

• Numerous studies worldwide have corroborated 
these findings since that time

https://evidence.nejm.org/doi/full/10.1056/EVIDra2200068 

Air Pollution and Heart Disease

https://www.mdpi.com/2079-4991/12/15/2656
https://evidence.nejm.org/doi/full/10.1056/EVIDra2200068


Air Quality in Your Community



The State of the Air 

• State of the Air is a website published 
by the American Lung Association. 

• The State of the Air looks at two of the 
most widespread and dangerous 
pollutants ozone and particulate 
pollution based on EPA measurements 

http://www.stateoftheair.org/  

http://www.stateoftheair.org/


• Cities with high power 
plant emissions and 
industrial infrastructures, 
with sources of year-round 
PM pollution.

• These included 
Indianapolis, Detroit, 
Pittsburgh, Cincinnati and 
Chicago-Naperville.

https://www.lung.org/research/sota

25 Cities Most Polluted 
by Annual PM



People at Risk in Cities Most 
Polluted by Year-Round 

Particle Pollution 
(Annual PM2.5)

https://www.lung.org/research/sota



The State of the Air
In Illinois 

https://www.lung.org/research/sota



https://www.epa.gov/ejscre



https://ejscreen.epa.gov/mapper/



https://ejscreen.epa.gov/mapper/ 

EJScreen 
Community 
Report

This report 
provides 
environmental 
and 
socioeconomic 
information

https://ejscreen.epa.gov/mapper/


https://ejscreen.epa.gov/mapper/ejscreen_SOE.aspx 

Report for the City of Westchesterhttps://ejscreen.epa.gov/mapper/

https://ejscreen.epa.gov/mapper/ejscreen_SOE.aspx


US EPA EJScreen for Westchester
Variables Value IL Avg IL %ile US Avg US %ile

PM (µg/m3)  recommended < 8 (WHO 5) 10.3 9.44 93 8.08 95

Ozone (ppb) recommended < 60 65.6 63.6 69 61.6 78

Diesel PM (µg/m3) 0.476 0.358 75 0.261 89

Toxic Releases to Air 7,800 6,000 78 4,600 91

Traffic Proximity (daily traffic count/distance to 
road)

440 200 92 210 89

RMP Facility Proximity (facility count/km distance) 0.92 0.72 76 0.43 87

Hazardous Waste Proximity (facility count/km
distance)

3.3 1.7 84 1.9 82

Underground Storage Tanks (count/km2) 9.5 8.6 67 3.9 88

https://www.epa.gov/ejscreen 

https://www.epa.gov/ejscreen


What's the State of Your Air? Report Card: Illinois

https://www.lung.org/research/sota/city-rankings/states/illinois



What You Can do About Air Pollution



Call to action: reducing air pollution. Local government

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution


Air pollution is a concern for all of us

• There are many activities that can have 
adverse effects on the air we breathe. 

• Driving cars, trucks and buses; burning coal, 
oil, and wood; and manufacturing chemicals. 

• Air pollution can even come from smaller, 
everyday activities such as filling your car with 
gas, painting operations and dry cleaning.

https://portal.ct.gov/DPH/Environmental-Health/Environmental-and-Occupational-Health-Assessment/Air-
Pollution#:~:text=These%20activities%20include%20driving%20cars,and%20degreasing%20and%20painting%20operations. 

https://environmentaldefence.ca/wp-
content/uploads/2016/01/Environmental-Defence-Dry-Cleaning-Report.pdf 

PERC (perchloroethylene) 

https://portal.ct.gov/DPH/Environmental-Health/Environmental-and-Occupational-Health-Assessment/Air-Pollution#:%7E:text=These%20activities%20include%20driving%20cars,and%20degreasing%20and%20painting%20operations
https://portal.ct.gov/DPH/Environmental-Health/Environmental-and-Occupational-Health-Assessment/Air-Pollution#:%7E:text=These%20activities%20include%20driving%20cars,and%20degreasing%20and%20painting%20operations
https://environmentaldefence.ca/wp-content/uploads/2016/01/Environmental-Defence-Dry-Cleaning-Report.pdf
https://environmentaldefence.ca/wp-content/uploads/2016/01/Environmental-Defence-Dry-Cleaning-Report.pdf


PERC (perchloroethylene) 

https://environmentaldefence.ca/wp-content/uploads/2016/01/Environmental-Defence-Dry-Cleaning-Report.pdf 

• OSHA has set up a limit concentration of 
PERC’s at 0.1 mg/m3 

• In addition to phasing out PERC, all dry 
cleaning using PERC must meet stricter 
equipment standards. 

• All dry cleaners are required to have vapor 
barriers and carbon absorbers to address 
potential leaks.

• EPA offered a Dry Cleaner Removal 
Reimbursement Program, to remove PERC dry 
cleaning machines, it is a financial incentive for 
replacing a PERC system with a wet cleaning 
system

https://environmentaldefence.ca/wp-content/uploads/2016/01/Environmental-Defence-Dry-Cleaning-Report.pdf


If the journey is less than a mile, walking or cycling are 
preferable, these activities have additional benefits of 
improving physical and mental health and quality of life.

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

Call to action: AIR POLLUTION IS A CONCERN FOR ALL OF US

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution


https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

Using public transportation reduces the number of cars on 
the road. Public transport reduces polluted routes, such as 
main roads, improving health and reducing exposure.

AIR POLLUTION IS A CONCERN FOR ALL OF US

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution


https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

If driving: try carpooling and avoid rush hours. 
Driving economically: accelerating gently, adhering to speed limits, 
Correct tire pressures: saves money by using less fuel, reduces road 
collisions and air pollution. Turning off engines when waiting.

AIR POLLUTION IS A CONCERN FOR ALL OF US

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution


https://dnr.mo.gov/air/get-involved/help-improve-air-quality 

AIR POLLUTION IS A CONCERN FOR ALL OF US

Don't burn your trash.

Plant and care for trees.

Switch to electric or hand-
powered lawn equipment Efficient appliances 

and heating systems

Fuel efficient vehicles

Renewable energy to 
power your home

https://dnr.mo.gov/air/get-involved/help-improve-air-quality


Conclusion

The American Lung Association slogan is: “When you can’t breathe, nothing else 
matters.”
Together, through collective action, we can all help improve air quality and address 
climate change. 
Everyone has a role to play, and simple individual steps can make a collective difference. 
The more people stand up, the bigger our impact will be.



Questions

Adapted from: E. Wiseman
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• https://www.ucl.ac.uk/news/2021/feb/fossil-fuel-air-pollution-responsible-1-5-deaths-worldwide

• https://www.sciencedirect.com/science/article/abs/pii/S0013935121000487
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https://www.cmap.illinois.gov/documents/10180/59692/draft%20Westchester%20ECR.pdf/936cada5-f573-407f-ae8b-4bb7a4f2247a#:%7E:text=Westchester%20is%20located%20directly%20west,County%2C%20it%20borders%20DuPage%20County
https://www.cmap.illinois.gov/documents/10180/59692/draft%20Westchester%20ECR.pdf/936cada5-f573-407f-ae8b-4bb7a4f2247a#:%7E:text=Westchester%20is%20located%20directly%20west,County%2C%20it%20borders%20DuPage%20County
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https://www.clarity.io/blog/how-measuring-different-types-of-air-pollutants-creates-a-more-holistic-picture-of-air-pollution
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https://portal.ct.gov/DPH/Environmental-Health/Environmental-and-Occupational-Health-Assessment/Air-Pollution#:%7E:text=These%20activities%20include%20driving%20cars,and%20degreasing%20and%20painting%20operations
https://www.pca.state.mn.us/news-and-stories/what-you-can-do-about-air-pollution
http://www.stateoftheair.org/


1) In through the nose
Breathed through the nose, they have direct 
contact with the olfactory bulb forebrain.  PM < 
2.5 µ can reach the brain regions via this route.

2) Inhaled into the lungs
Most gases can traverse the lungs into the 
bloodstream, and PM can do the same. Circulating 
contaminants may cross the blood/brain barrier to 
interact with the brain.

3) Via the gut
Pollutants entering the gut in swallowed air, 
absorbed into the bloodstream, where they travel 
to the brain. 

Pollution is associated with altered gut 
microbiomes in humans. Microbiome changes are 
linked to cognitive function, suggesting air 
pollution act on the brain via this indirect pathway.

https://www.the-scientist.com/infographics/infographic--how-air-pollution-could-affect-the-brain-66478 

Pollutants Penetration to the Body

https://www.the-scientist.com/infographics/infographic--how-air-pollution-could-affect-the-brain-66478


“Earlier this summer, 
Chicago was clocking in the 
worst air quality in the 
world as a result of wildfire 
smoke drifting down from 
Canada”
According to the EPA, air 
quality that exceeds 35 
µg/m3 (measurement of 
PM 2.5) is considered 
unhealthy, The air quality 
index that day was 175 
µg/m3 

https://blockclubchicago.org/2023/07/27/chicagos-bad-air-quality-might-be-around-for-awhile-heres-what-you-should-know/ (Francesca Mathewes July 27, 2023, Block Club Chicago)

https://blockclubchicago.org/2023/07/27/chicagos-bad-air-quality-might-be-around-for-awhile-heres-what-you-should-know/


https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution 

https://www.gov.uk/government/publications/health-matters-air-pollution/health-matters-air-pollution
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