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Today, we are at a classic glass half-
full or half-empty stage. The evidence 
for concern [about ultrafine particle 
pollution] has grown substantially, 
but falls short of being convincing to 
regulators for enacting general 
policies, especially at the national 
level
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Do ultrafine particles fit in? 

Update

❑ New set of morbidity and 
mortality outcomes
❑ hospitalizations

❑ emergency room visits

❑missed work and school days 

❑ other burdens

Quantification of Health Benefits of California’s Air 
Quality Regulations, Plans, and Programs

Traditional approach
❑ Small subset of morbidity 
and mortality outcomes
❑ premature cardiopulmonary mortality

❑ hospital admissions for cardiovascular 
illness

❑ hospital admissions for respiratory 
illnesses 

❑ emergency room visits for asthma 
attacks
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Policy Forcers at Play
• Ozone and PM pollution reductions still sorely needed in many parts of the US
• Meeting the National Ambient Air Quality Standards (NAAQS) for Ozone and PM is 

priority [but no explicit emphasis on ultrafine particles]
• California heavily focused on decarbonization and electrification

• Not paying enough attention to conventional pollution
• New federal review of O3 and PM NAAQS underway [unknown if or how ultrafine 

particles will be treated]
• Extensive research continues [particularly modelling, exposure assessment, and 

micro-environments]
• The Precautionary Principle
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U.S. EPA. Integrated Science Assessment (ISA) 
for Particulate Matter (Final Report, Dec 2019). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R-19/188, 2019.

• Trump EPA: evidence still 
inadequate or insufficient to 
determine causality of 
morbidity or mortality 
outcomes and exposure to 
ultrafine particle pollution

• Biden EPA: PM standards review 
underway

• What will EPA do about ultrafine 
particles?

• “preliminary conclusion to stick 
with PM2.5 mass”
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• There is evidence of translocation of 
ultrafine particle outside respiratory 
tract to the circulatory and brain 
systems via the olfactory nerve and 
others pathways

• We have observed neurological effects 
that are attributable to ultrafine particle 
pollution exposure

• There is animal toxicological evidence linking long-term ultrafine particle 
exposure to nervous system effects

The Knowns

Open Source
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We can “check the box” on PM and NOX emissions 
thanks to high-efficiency post-combustion devices

……as long as they work as intended in the real world 
through useful life and there no more cheating….

PM and NOx 
Emissions

DOC + DPF +SCR + 
Better Systems 

Coming

Oxidation, 
Filtration, and 

Reductions

99.9% reductions in 
PM emissions 

possible

PM Control from 
ICEs
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• New heavy-duty inspection and maintenance program (1/1/23)
• Remote OBD and opacity for non-OBD trucks
• Roadside monitoring 

• Malfunctioning trucks responsible for majority of PM and NOx 
emissions (7% of HD Trucks emit 56% of statewide emissions)

• Screen a large number of trucks
• Quickly identify vehicles producing excess emissions
• Portable Emissions Acquisition System (PEAQS) – CO2, NOx, BC
• Other systems available (i.e., RSD, UC Berkeley Overpass, U of 

Denver “tent”)
• PEAQS installed on mobile trailer or existing fixtures

• Does ultrafine particle counter have role?

State going after malfunctioning HD diesel trucks



Why did California abandon Euro UFP 
standards?
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…Because of exclusion of 
toxicologically-relevant volatile 

fraction of particle emissions, and…

Euro Standard
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DPF has demonstrated PM and total PN 
(volatile and solid) control?

Conceptual model of formation of UFP emissions in 
catalyzed aftertreatment devices
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Strong inter-correlations among six alternative metrics, suggesting that 
adopting strategies to control one parameter may incidentally reduce the 

signal from any other metric of suspended PM

Xue, J., Li, Y., Quiros, D., Hu, 
S., Huai, T., Ayala, A. 
Investigation of Alternative 
Metrics to Quantify PM Mass 
Emissions from Light-duty 
Vehicles. CRC Real World 
Emission Workshop. 2017
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Euro 7/VII Developments

• “safeguard measures against non-compliant vehicles”
• Commission with teeth: “compliance and conformity checks in 

laboratories or on the road” [looking for defeat devices and] 
“Comission can order recalls and impose sanctions”

• RDE and ultrafine particle monitoring and control?
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Today, we are at a classic glass half-
full or half-empty stage. The evidence 
for concern [about ultrafine particle 
pollution] has grown substantially, 
but falls short of being convincing to 
regulators for enacting general 
policies, especially at the national 
level

Final Remarks
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