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Issues and problems

• Learning from the past  (e.g., asbestos, MTBE) 

• Particles and other emissions (including nanotechnology 
issues)

• Transformation of emissions (what you breathe/eat may 
not be what was emitted)

• Health effects endpoints (lung cancer, water pollution, 
global warming



Total Electricity Use,  per capita, 1960 - 2001
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Art Rosenfeld, Lawrence Berkeley Lab and 
UC Berkeley turns his attention to the 

energy problem
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California standard is a 
proposed limit on CO 2

emissions.

New US 
standard



Helios: Lawrence Berkeley Laboratory and 
UC Berkeley’s attack on the energy problem
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High Tech: Cleansing the Air at the 
Expense of Waterways 

New York Times  Oct. 13, 2009



Firepit in Hesse Hall, UC Berkeley

Firepit in Xuan Wei County, China

Low Tech Burning of Fuels



Why are particles different?

• Particles may be linked to more than 10 million 
premature deaths (tobacco, solid fuel burning, air 
pollution)

• 70% of airborne fine particles are from combustion

• Their physical and chemical properties can change with 
their dimensions (unlike molecular species)

• They are often mixtures, with surfaces that differ from 
the bulk properties (adsorbed species). 

• They can change in the environment – oxidation, 
agglomeration, fragmentation, solubility, etc.  
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Aerosol compared to suspended particles 
(unoxidized soot)

Nanoparticles in biological
fluids can also rapidly 
agglomerate 

Nanoparticles in biological
fluids can also rapidly 
agglomerate 



NOx + VOC � O3

NO2

NO2 + VOC 

O3 + VOC

O3 & NO2

Oxidized nanoparticles exist in the environment

New fuels (biofuels)

New control technologies

New 1-2 nm mode of 
particles? 

NO2

Soot Surface

Direct acting mutagens
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Oxidized soot resulted in a 
clear dose response

Unoxidized soot had no dose 
response with viability ~ 90% 
for all doses



Emissions change with fuel, but that’s not the 
only factor

Fuel type 

Engine conditions (technology, speed, load, temperature, 
lubricating oils)

Post-combustion technology (converters, traps, exhaust gas 
recirculation)

Fuel components (hoses, seals)

Ambient/atmospheric conditions

Endpoints of health effects, dose, exposure 

Predictive modeling conditions 

Local vs. global effects



Issues and problems 1/3

• Learning from the past 

– Methanol? Butanol? 
– Ethanol in Brazil
– Diesel blends – ethanol in diesel. What kind of fuel is 

it?

• Transformations in the exhaust and in the atmosphere

• Direct vs. indirect health effects (lung cancer vs. global 
warming)



Issues and problems 2/3

• Testing new fuel blends
– Epi too long term
– Animal studies expensive 
– In vitro studies not the best 
– Can we screen for some things? Use baseline 

fuels/engines?
– New fuels, new issues – comingling, vapor pressure, 

water contamination
– Air liquid interface exposure vs installation



Issues and problems 3/3

– Are we controlling the correct parameter (particle 
mass)?

– Should we control surface area, surface chemistry, 
size distribution? What about synergistic effects? 

– How to measure effects in workers? Blood tests? 
What should we look for?
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Concern for DOE LabsConcern for DOE Labs

Unknown 
potential for  
ecological 

harm

+
Materials 
already 

entering the 
environment

Vocal 
public & 
activists

+
• Future regulations 
and legal liabilities 

• Potential loss of 
markets

• Potential loss of 
funding

• It might be 
dangerous

=

Why manage nano? – Protect yourself, 
Protect your work

Michel Gangne/Agence France-Presse
— Getty Images
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� The intent was to encourage Waste Management 
(RCRA) professionals to think about what treatment 
technologies best limited potential nano-related hazards.

� Options to consider:
• Landfill (hazardous waste)��
• Encapsulate and landfill
• Incineration
• Others?

Waste Management, cont…Waste Management, cont…
• Section 6.3:  “Send otherwise non-hazardous 

nanomaterial-bearing waste to an RCRA-permitted treatment, 
storage and disposal facility (TSD). Direct the TSD as to the 
selected treatment method best suited to controlling hazards 
associated with the waste.”



DOE Drivers
• Spring 2008: DOE reviewed nanomaterial 

use at all DOE labs
– Noted no environmental monitoring for 

nanoparticles at LBNL

• January 2009: DOE came out with new 
regulations that require
– Exposure assessments

• worker/environment not specified
• Must assess need for HEPA filtration

– Air monitoring program



Roadblocks

• No established monitoring methodology
• No established hazard levels
• Anthropogenic and natural occurring 

nanoparticles



Handling Nanoparticles at LBNL



Handling Nanoparticles at LBNL



Handling Nanoparticles at LBNL



Case Study

• Are there 
nanoparticles/nanostructures on 
the workplace filter sample? 

• Do the particles on the 
workplace sample match a 
source material (size, 
morphology, chemistry)?

• What is the concentration 
(#/cc)?



Background
Secondary Electron Image

Bulk/Source Sample
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