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Air pollution: a complex mixture

Particles and gases

Major pollutants with air 

quality standards in the U.S.

 Numerous, diverse, widespread 

sources

 Particulate matter, ozone, 

nitrogen dioxide, sulfur dioxide, 

carbon monoxide, lead

Hazardous pollutants

 Can cause cancer, other serious 

health effects

 Benzene, metals, formaldehyde

Los Angeles – 1988



Diverse sources of air pollution

Direct emissions of particles and gases Reactions with some 

form ozone

https://deq.utah.gov/Pollutants/O/ozone/



Wintertime inversions increase air 

pollution levels 

Sarajevo from Trebevic Mountain, 7 December 2017

Courtesy of U.S. Embassy Sarajevo Science Fellow



Fine particles (PM2.5): indicator of general 

air quality

http://sphweb.bumc.bu.edu/otlt/

MPH-Modules/PH/RespiratoryHealth/RespiratoryHealth7.html

Diverse sources

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

basics

Diverse chemical species

https://www.londonair.org.uk/london/asp/news.asp?NewsId=C

amden1&StartIndex=430



Inhaled PM2.5 can reach deep lungs and 

affect other organs



Air pollutants and associated health 

risks
PM2.5 Ozone Nitrogen 

Dioxide

Sulfur 

Dioxide

Carbon 

Monoxide

Short-term exposure: minutes to 1 month

Respiratory + ++ ++ ++ +/–

Cardiovascular ++ + +/– ? +

Mortality ++ + +/– +/– +/–

Long-term exposure: months to years

Respiratory + + + +/– ?

Cardiovascular ++ +/– +/– ? ?

Reproductive/ 

Developmental

+/– +/– +/– ? +/–

Mortality ++ +/– +/– ? +/–

Cancer ++ ? +/– ? Not evaluated

Derived from U.S. Environmental Protection Agency’s Integrated Science Assessments (https://www.epa.gov/isa) and International Agency 

for Research on Cancer (http://www.iarc.fr/en/publications/books/sp161/index.php)

++ Evidence of causal relationship, + Evidence of likely causal relationship, 

+/– Suggestive evidence of a relationship, ? Uncertain relationship 



Groups at increased risk for air 

pollution-related health effects

U.S. EPA’s Integrated Science Assessments, https://www.epa.gov/isa

Children Older adults People with asthma

People with obesity

People with heart or 

vascular disease People of low 

socioeconomic status

Evidence is less clear for sex, genetic factors, race/ethnicity, smoking, diet



Scientific uncertainties remain

 Is there a zero-risk level of air pollution below which 

health risks are not increased?

How do risks compare for a single air pollutant versus a 

pollutant mixture?

What time windows, durations, patterns of air pollution 

exposure are associated with the highest risk of health 

effects?

What is the persistence of air pollution-related health 

effects in childhood to adulthood?



*As of October 2017, https://www.epa.gov/criteria-air-pollutants/naaqs-table

U.S. National Ambient Air Quality Standards*: 

informed by the science

Pollutant
Primary/ 

Secondary

Averaging 

Time
Level Form

Carbon Monoxide (CO) primary
8-hour 9 ppm

Not to be exceeded more than once per year
1-hour 35 ppm

Lead (Pb)
primary and 

secondary

Rolling 

3-month 

average

0.15 μg/m3 Not to be exceeded

Nitrogen Dioxide (NO2)

primary 1-hour 100 ppb
98th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years

primary and

secondary
Annual 53 ppb Annual Mean

Ozone (O3)
primary and 

secondary
8-hour 0.070 ppm

Annual fourth-highest daily maximum 8-hr 

concentration, averaged over 3 years

Particulate Matter (PM)
PM2.5

primary Annual 12 μg/m3 Annual mean, averaged over 3 years

secondary Annual 15 μg/m3 Annual mean, averaged over 3 years

primary and 

secondary
24-hour 35 μg/m3 98th percentile, averaged over 3 years

PM10 primary and

secondary
24-hour 150 μg/m3 Not to be exceeded more than once per year on 

average over 3 years

Sulfur Dioxide (SO2)
primary 1-hour 75 ppb

99th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years

secondary 3-hour 0.5 ppm Not to be exceeded more than once per year



U.S. air standards and science inform 

public health messaging

• U.S. Environmental Protection 

Agency’s Air Quality Index (AQI)

• Color‐coded tool for telling the 

public how clean or polluted the air 

is

• Calculated for each of 5 criteria 

pollutants (PM, O3, NO2, SO2, CO)

• Pollutant concentrations converted 

to a number 0 to 500 

• One value reported: pollutant with 

highest index

• Recommends steps people can 

take to reduce their daily exposure 

to air pollution

• Forecasts can be used to plan 

outdoor activities

https://airnow.gov/index.cfm?action=pubs.aqguidepart



Educating patients on using the AQI:  

awareness of air quality information

 Hydro-metrological Institute of FBIH (http://www.fhmzbih.gov.ba/latinica/ZRAK/index.php)

 Federation of BiH measurement data

 Current pollutant concentrations and air quality index (different than U.S.)

 Annual reports with statistics, days or hours above allowable level

 BiH air quality data (http://zrak.ekoakcija.org/)

 Compiled by Eko Akcija

 Current pollutant concentrations and air quality index (different than U.S.)

 Trends for the year

 CityOS (http://cityos.io/air)

 Open-source platform with data from personal low-cost air sensors

 aqicn.org (www.aqicn.org)

 Organization based in Beijing, China

 Pulls data from local government sources (does not validate quality of data)

 Current air quality index (local method)

 Forecasts for air quality



Real-time air quality information from 

aqicn.org

• Current air quality and forecasts for next four days

• Also available for Goradze, Zenica, Jajce

Sarajevo Tuzla

www.aqicn.org: April 3, 2018, 15:45



Resources for health care 

providers



Handouts for patients

https://www3.epa.gov/airnow/health-

prof/common-air-pollutants-2011-high.pdf

https://www3.epa.gov/airnow/asthma-

flyer.pdf
https://www3.epa.gov/airnow/heartflye

r.pdf

What are the health effects? Who is at risk? What steps can one take to reduce risk?



Pollutant-specific education

 Science education

 How to advise patients

 Exposure, health 

impacts

 Using the AQI

 How to address patient 

questions about air 

pollution and health 

risks

 Examples of patient 

encounters and 

provider response

https://www.epa.gov/pmcourse

https://www.epa.gov/ozone-pollution-and-your-patients-health

Older male with hypertension, has discomfort 

when walking



Cardiovascular health resources

 Focus on people with 
cardiovascular 
disease

 Promote health 
protective behaviors

 Resources for health 
care providers

 Goal: reduce vascular 
and arrhythmic 
events, improve 
cardiovascular 
health, save health 
care resources

https://www.epa.gov/air-research/healthy-heart-toolkit-and-research



Asthma resources

 Education for families

 Education for health care 

providers

 Developing asthma action 

plan

 List of triggers

 Instructions of taking 

medication

 What to during asthma 

episode

https://www.epa.gov/asthma/

resources-about-

asthma#action



Education has been effective

 U.S.-wide survey: people with lifetime asthma were almost twice as 

likely to report a change in activity based on an air quality alert if they 

had been advised by a healthcare professional 
(Wen XJ, BalluzL, MokdadA. 2009. J Community Health. 34(1):40-6.)

 In the U.S. state of Kansas, people were almost four times as likely 

to change outdoor activity levels if they were advised by a healthcare 

professional (Kansas Department of Health and Environment, 2006)

 BUT, only a small percentage of people in groups considered to be 

at increased risk from particle pollution reported that healthcare 

professionals had advised them to pay attention to the AQI
(Kansas Department of Health and Environment, 2006)


