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Impacts of Air Pollution

• Human Health
– Acute and Chronic 

impacts
• Human Welfare 

– Visibility
– Material damage

• Ecosystem Impacts
– Nutrients
– Toxics

• Climate Change 
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The London Smog Disaster of 1952
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Health Impacts of Air Pollution
• Observed associations with, and impacts of, 

exposure to atmospheric PM continue to increase
– Respiratory Disease
– Cardiovascular Disease
– Cancer
– Auto-Immune Disorders
– Metabolic Syndrome
– Reproductive Impacts

• Unlikely that same components and sources 
impact all pathways of injury
– Oxidative stress is an important pathway for many 

impacts  
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Challenges to Understand Impacts

• Complex mixture of sources with very 
complex chemistry
– Large spatial variability - Sources
– Large temporal variability – Meteorology

• Human activity patterns impact exposure
• Human susceptibility differs as a function 

of age, health and genetics
• Concerned with short-term and long-term 

exposures 
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Sources of Air Pollution
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Exposure Assessment
• Most people spend considerable time 

indoors that impact exposure
– Indoor sources
– Infiltration of outdoor pollution indoors

• Some micro-environments have very high 
exposure
– Commuting on roadways

• Impossible to measure for large cohorts
• Some progress in models based on time-

activity data
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Regulating Air Concentrations
• Ambient Air Pollution

– Regulatory authority lies with EPA
– Outdoor concentrations away from sources

• Indoor Air Pollution
– Regulated indirectly by building codes and 

consumer product regulations
• Occupational Air Pollution

– Regulated by OSHA and NIOSH
• Personal Exposure

– Not Regulated
– Most important for human health
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EPA (NAAQS)      NIOSH (PEL)
• Sulfur Dioxide

– Annual Average: 30 ppb
– 24-Hour Average: 80 ppb

• Ozone
– 8-Hour Average: 80 ppb

• Nitrogen Dioxide
– Annual Average: 53 ppb

• Carbon Monoxide
– 8-Hour Average: 9 ppm 
– 1-Hour Average: 35 ppm

• Particulate Matter
– PM10 and PM2.5 

• Lead
– Quarterly Average: 1.5 g m-3

• Sulfur Dioxide
– 8-Hour Average: 9 ppm

• Ozone
– 8-Hour Average: 100 ppb

• Nitrogen Dioxide
– 8-Hour Average: 3 ppm

• Carbon Monoxide
– 8-Hour Average: 25 ppm 

• Particulate Matter
– Regulated by component

• Lead
– 8-Hour Average: 50 g m-3
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Approaches to Health Studies
• Epidemiological studies

– Usually use central monitoring sites to 
assess associations with outdoor air 
pollution

– Increase use of panel studies to examine 
sub-clinical outcomes

• Toxicological Studies
– In-Vivo Studies
– In-Vitro Studies
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• Epidemiological evidence that adverse health 
effects are associated with increased 
particulate matter concentrations is very strong

• Epidemiological studies are beginning to 
elucidate
– Biological pathways of adverse health effects 

associated with exposure to PM
– Source categories that are most biologically relevant

• Still exists a very large disconnect between 
potential changes in emissions of air pollution 
and expected health benefits
– Requires Integrations of very complex systems 
– Sources, Atmospheric Transport, and Biological Effects  

Epidemiological Studies
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Epidemiological Results
US EPA ISA for PM, 2009
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Exposure measurement design & methods
Baumgartner et al. (EHP, 2011)

 Women: Integrated gravimetric 
PM2.5 for 24-hr (n=280)
 196 women completed summer and 

winter phases; 66 in winter only; 18 in 
summer only
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Average SBP by age and exposure level

Adjusted association between PM2.5 exposure and SBP 
for women by age (exposure-by-age interaction p=0.03)

∆ SBP = 4.1 (1.5, 6.6) mmHg; p=0.002

∆ SBP = 0.7 (-0.8, 2.1) mmHg; p=0.35
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Example: Lung Transplantation
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• Need a basis to prioritize the control of sources or 
PM mass will be reduced without optimizing for the 
public health benefit
– Important in the context of climate mitigation

• We are likely to draw wrong conclusions about 
biological importance of sources and controls
– Example: Health Effects on Distance to Roadways

• Does an association with roadway emissions and 
health really mean that tailpipe emissions are 
causing adverse health effects

• Brake Dust, Tire Wear, Resuspended Road Dust
• Are all engine operating conditions equally 

important
• Huge implications for co-benefits (climate 

mitigation and ecosystem), interventions, and 
unintended consequences

Policy Implications
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Toxicological Results
• Toxicological results have made important 

contributions to understanding the biological 
pathways associated with adverse impact of 
PM exposures

• Toxicological studies often use fresh source 
emissions or a “typical” PM sample
– Do not represent the diversity of PM exposures
– Source samples do not include secondary aerosol 

or atmospheric processing
– “Typical” samples do not address spatial and 

temporal variability in composition or sources 
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P. E. Schwarze et al., “Air Pollution.”  2010

elements.geoscienceworld.org
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Integrated Approach to PM Impacts

• Integrate tools and not just integrate knowledge
– Source Emissions
– Atmospheric Processing
– Toxicology
– Epidemiology

• Examples
– Epidemiology based on in-vitro assay measurements
– Direct comparison of in-vitro assays with sub-clinical 

end points
– Source apportionment of in-vitro biological activity
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Example: Lung Transplantation



ENVIRONMENTAL CHEMISTRY AND TECHNOLOGY PROGRAM
University of Wisconsin-Madison

Voorhis et al., 2014. Exposure to atmospheric particulate matter enhances 
Th17 differentiation through the aryl hydrocarbon receptor, Plos One.    

Examined the Fraction PM samples and examining
what components drive T-Cell Differentiation in a 

murine model 
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Bioassay Example:
Micro-Macrophage Assay

• 24-hour low volume PM2.5 samples collected 
on 47mm Teflon Filters

• Half of the filter extracted in 900 µL 
• Filtered through 0.2 µm filter to remove 

bacteria and/or particulates
• Extracts were combined with 10X 

salts/glucose media and used for exposure
• Rat Alveolar Macrophage (NR8383) 

Bioassays:
– Formation of Reactive Oxygen Species (ROS)
– Cell Viability-(LDH release)
– Cytokine Release
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Denver, Colorado ROS Study 2003

• Sample Collection
– Daily PM2.5 samplings in Denver for 2003
– Bulk Chemical Analysis – Not used in this analysis

• Water Soluble Elements Analysis
Method: ICP-MS
52 elements: Li, B, Na, …, Pb, Th, U

• 50 Randomly selected samples 
analyzed for ROS activity using a micro-
macrophage assay
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Leachable Sulfur

Sampling date in 2003
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Leachable Potassium

Sampling date in 2003
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Leachable Fe - Denver 

Sampling date in 2003
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Statistical Method

• PMF model

Source apportionment of metals 

measurements

• Multivariant Regression

Explore ability of metal sources to 

explain ROS activity
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Lahore, Pakistan
•The second biggest city of Pakistan 
•Location: 31°34' N, 74°20' E
•Sub-tropical and semi-arid region
•Population: 10,000,000
•Annual temperature: 17.8-30.8 C

Precipitation: 628.7 mm
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Water Soluble Aerosol ROS Activity
Comparison of Aerosol Populations and Size Fractions
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Metal Chelators
 Chelex ® ‐ iminodiacetate ligand immobilized on a styrene‐

divinylbenzene backbone. Removes a large suite of cationic 
metals, with preference for transition and divalent metals.

 Desferrioximine (DFO) – natural siderophore ligand with 
high specificity for iron.



ENVIRONMENTAL CHEMISTRY AND TECHNOLOGY PROGRAM
University of Wisconsin-Madison



ENVIRONMENTAL CHEMISTRY AND TECHNOLOGY PROGRAM
University of Wisconsin-Madison



ENVIRONMENTAL CHEMISTRY AND TECHNOLOGY PROGRAM
University of Wisconsin-Madison

Conclusions
• Reasonable well established that air 

pollution exposure is an important 
contributor to the burden of disease

• Protection of public health relies on the 
ability to control the air pollution sources 
that are the biggest contributors to 
adverse health effects

• The integration of tools for atmospheric 
sciences, epidemiology, and toxicology 
are needed to better determine the 
sources and components of air pollution 
that are most important to health


