
Station wildfire, southern California, September, 2009 
Photo by Todd Hoefen, USGS 
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Airborne particulate matter (PM) 

•  Dusts and other solid and liquid particles that are 
transported in the atmosphere 

•  Generated by/from:  
–  natural processes/natural sources - “geogenic” 
–  natural processes/sources that are modified or 

enhanced by human activities - “geoanthropogenic” 
–  human activities/sources - “anthropogenic”  

•  PM is of concern for its potential to adversely 
effect the environment and human health 
–  scales from local to intercontinental 

PM 
Examples 



PM is regularly in the news 





Potential acute and chronic health effects of PM 

•  Increased respiratory problems such as 
asthma, allergies 

•  Cardiovascular problems—increased risk of 
heart attack, stroke, due to inflammation of 
lungs, increased blood clotting  

•  Physical or chemical irritation of respiratory 
and gastrointestinal (GI) tracts, eyes 

•  Diseases from contained pathogens (Valley 
Fever, anthrax, etc.) 

Potential health effects of PM 

•  Pneumoconioses 
–  fibrotic diseases of the lungs such as silicosis, 

asbestosis, coal workers’ pneumoconiosis  
– secondary congestive heart failure, increased 

suceptibility to pathogens (i.e., tuberculosis  
•  Lung cancer; mesothelioma; possible 

laryngeal, GI cancers; others? 
•  Toxicity from uptake of bioaccessible heavy 

metals, organic chemicals 



Toxicity effects of PM depend on 

Particle size / shape 
play a role 

Particles cleared from the 
respiratory tract by mucociliary 
action are either expectorated 
or swallowed 



PM in a biodurability, biosolubility and 
bioreactivity context 

•  Biosolubility, bioaccessibility – Some particles are 
soluble in the body’s fluids and can readily release 
their contained toxicants 

•  Bioreactivity – Some PM can react with the body’s 
fluids and tissues to cause adverse chemical 
consequences 
–  Acute (ie caustic tissue damage) versus chronic (ie 

oxidative stress)  
•  Biodurability –PM that are biodurable (insoluble) 

can persist in the body for years 

PM in a biosolubility and bioreactivity context 

•  Many PM types are 
complex mixtures of 
biodurable, 
biosoluble, and/or 
bioreactive particles 



Geotoxicology  

•  The study of the toxicological 
characteristics and potential health 
effects of earth materials such as 
geogenic and geoanthropogenic PM.  

•  Best accomplished collaboratively by 
earth and health scientists 

Interdisciplinary geotoxicology methods used to study 
the potential health effects of PM and other earth materials 



•  A complex mixture of materials from many natural 
and anthropogenic sources 





El Dorado County, California 

Many aspects of asbestos toxicity are still debated 



Station wildfire, southern CA, Sept. 2010, photo by NASA/JPL? 

Station wildfire, southern California, August, 2009. Photo by Genaro Molina, LA Times 



Human health concerns 
•  Impacts of wildfire 

smoke, airfall ash on 
firefighters, general 
public 





Airfall, residual ash produce caustic alkalinity 

Bulk chemical composition, extent of 
combustion 
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Toxicants in playas or dry lake beds? 

Potential human health effects of dry lake bed dusts? 





Kandahar Airbase, Afghanistan 7-14-06  
Photo by Jared Abraham, USGS 



Kandahar settled dust 



Kandahar settled dust 

Multiple geogenic and geoanthropogenic sources 
of dust create a complex mix of exposures 



Regional impacts of dust? 

Intercontinental dust transport 



Summary 
•  There are many different types of PM 

–  Spectrum from natural (geogenic) to anthropogenic 

•  PM is at the core of diverse policy issues that link  
–  Air quality, workplace safety, public health, and 

environmental security 
–  At scales from local to global 

•  Earth science characterization methods can help 
public health experts better understand the types, 
sources, and potential toxicity of PM and better 
evaluate the potential risks posed by PM from 
diverse sources (ie, the exposure and the dose) 



Summary 

•  There are significant and growing 
opportunities for collaboration between the 
earth and health science communities to 
study the environmental and health effects 
of earth materials such as PM 


