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Environmental Health Paradigm

https://www.epa.gov/report-environment/human-exposure-and-health
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Regulation or 
Monitoring of Emissions
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Locations of PM2.5 Monitors

Ambient

Indoor

Personal

Ecologic

What do we mean by “Exposure”?

https://epa.maps.arcgis.com/home/index.html

Exposure

Ecological estimates: 
exposure assessment 
for groups of people 
based on a common 
location/activity/source

My house

This presentation was developed under Assistance Agreement No. RD835871 awarded by the US EPA to Yale  University. It has not been formally reviewed  by EPA. The views expressed in this  document  are solely those of the  authors and do not necessarily 
reflect those of the agency. EPA does not endorse any products or commercial  services mentioned in this presentation.



Density of Monitoring Networks
Philadelphia: 6.1 M in metro area Atlanta: 6.0 M in metro area

Opportunity: Low-cost sensor networks



Zhu et al. Atmos. Env. 36 (2002) 4323-4335
doi.org/10.1016/S1352-2310(02)00354-0

Large Gradients in Concentrations Around Sources

https://doi.org/10.1016/S1352-2310(02)00354-0
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What do we mean by “Exposure”?

Exposure

Ecological estimates: 
exposure assessment 
for groups of people 
based on a common 
location/activity/source

Personal sampling: often 
considered “gold standard”.



Time Scales of Exposure

annual

daily

hourly

• Regulations
• Acute or chronic health impact
• Time between exposure and 

onset of health outcome
• Ability to estimate with personal 

and ecologic approaches



Example: Personal Exposure with GPS



Variability: By Person, Day, Microenvironment
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Not all Particles Sizes Penetrate the 
Respiratory Tract

Image credits:
https://www.skcltd.com/knowledge-library/product-selection-guides/particulate-sampler-selection-guide.html
https://portal.ct.gov/lib/deep/air_monitoring/instrumentation/frm.jpg
https://www.skcltd.com/products2/sampling-heads/iom-sampler.html
https://www.skcinc.com/products/aluminum-respirable-dust-cyclone-37-mm
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In occupational settings estimating personal 
exposures as an intake fraction, either 
inhalable or respirable, is common.

Inhalable Sampler Respirable Sampler

https://ir.una.edu/cgi/viewcontent.cgi?article=1039&context=scholarsweek2019
https://portal.ct.gov/lib/deep/air_monitoring/instrumentation/frm.jpg
https://portal.ct.gov/lib/deep/air_monitoring/instrumentation/frm.jpg
https://www.skcltd.com/products2/sampling-heads/iom-sampler.html
https://www.skcinc.com/products/aluminum-respirable-dust-cyclone-37-mm


Common aerosol sampling metrics

DOI: 10.1080/02786820903045141 
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Where Particles Deposit Matters

Inhalable
Thoracic
Respirable
Total

18

Exhaled



Lung Deposition Sampler

Inhalable

Deposition

Koehler et al. Annal Occup Hyg, 53 731-738. (2009)



Why Polyurethane Foam?

Human Lung Cast Aleveoli

DOI: 10.5320/wjr.v9.i2.8
DOI: 10.1115/1.1504445

Polyurethane Foam?

DOI:10.1016/j.jaerosci.2009.02.005



Comparing Intake & Deposition With Dose 
Example: Stainless Steel Welders

Inhalable (IOM) Sampler

New (lung-deposited) Sampler

Personal Sampling

Two non-consecutive Mondays

Questionnaires Urinary estimate of Dose

Funding:
NIOSH T42 OH 008428
NIOSH R21 OH 010661

Newton et al. (2021)



Only Lung-Deposited Metals Predictive of 
Urinary Concentrations




