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Issues and problems

Particles and other emissions
Transformations in the exhaust and in the atmosphere

Different health end points involved

— e.g., lung cancer and other direct health effects, water
pollution, global warming

Learning from the past:. MTBE and other oxygenates

Testing new fuel blends

— What are the appropriate baseline fuels, and
engineering, biological, and environmental systems?



Combustion particle research

* Primary soot particles are nanosized (15 — 30 nm);
particles as small as 1 nm have been measured

« Combustion particles (e.g., from diesel soot, coal)
produce cancer and other health effects

e Combustion mixtures are complex, and it is still
not clear what properties lead to their toxicity

* Physical and chemical properties change as they are formed
In hig-temperature combustion systems

e The entire combustion system, exposure routes, and
experimental design are important factors



Why are particles different?
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, solubllity, etc.

The smaller the particle the longer they last in the
atmosphere.



Soot may result in adverse health effects by
causing oxidative stress in a cellular
environment

Oxidative stress = generation of reactive oxygen
species (-O,, H,0O, or -OH) that damage the cell

Potential sources of oxidative stress:
Particles
Transition metals
Polycyclic aromatic hydrocarbons (PAH)
Mixtures or other chemicals
Lube oil should not be ignored!
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Oxidized nanoparticles exist
In the environment
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“Clean” soot

Downflow CH,/air
non-premixed burner:

e Controlled, variable
size particles

* Very high EC/OC ratio:
elemental/organic carbon

e C/O ratio similar to
hexane soot

*Ability to add/remove
CO'pO”UtaﬂtSiggins, Chris Stipe



Dose response to oxidized soot

Oxidized soot resulted in a
clear dose response
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Carbon black respiratory exposure:
Does size matter?

* |ARC (Int'l Agency for Research on
Cancer) deems carbon black a
group 2B carcinogen

 Nanosize carbon instilled in mice
causes more inflammation than
larger size carbon black particles
(Heyder et al. EHP 114:328-333)

* Inflammation enhanced by reactive
chemicals (e.g., transition metals)
on their surfaces (Brown, et al.
Occup Environ Med. 57:685-691,
Wilson, et al. Toxicol Appl
Pharmacol. 184:172-179)



Aerosol compared to suspended particles

(unoxidized soot)

Aerosol

Particles in biological
fluids can also rapidly
agglomerate

Suspension



Costar '™ Transwell:
Air-liquid interface or suspension exposures

 Human bronchial epithelial
cell line 1l6HBE140 (SV40
immortalized)

e Minimum essential medium
and 10 % fetal calf serum PR

o Cytokine secretion
measured with ELISA kit —

o Cell viability measured with
MTT assay



Air-liquid interface (ALI) compared to suspension

Exposure using the air-
liquid interface produces
a similar response at a
dose 20,000 times lower!



Learning from past experience?

Water soluble fuels (alcohols, ethers) will eventually
appear in the water supply

Should we mandate the composition of fuels, or only
their physical properties and emissions?

The mass of particle emitted may not be the right metric

How can we combine biological testing with
combustion emissions testing?

Who bears the responsibility for testing, especially when
the existing test methods are not appropriate?

Can we combine forces with the nanotechnology issues?



Testing new fuel blends: Additional issues

Epidemiological studies very difficult
Animal studies expensive; human studies very expensive
In vitro studies not universally accepted

Can we screen for some biomarkers using new
analytical methods? Which ones?

Can we reach consensus on baseline fuels/engines/

test cycles?

Can we do a better job combining engineering and health
effects researchers?

New fuels, new issues:

e.g., comingling , vapor pressure, water contamination
Inhalation vs. installation, aging and atmospheric
transformations



Issues and problems

Particles

 Transformations in the exhaust and in the atmosphere
« Direct vs. indirect health effects (lung cancer vs global warming)
 Don't forget lube oll

 Learning from the past — the MTBE story

 Methanol? Butanol?
— Diesel blends — ethanol in diesel. What kind of fuel is it?

« Testing new fuel blends
— Epi too long term’
— Animal studies expensive
— In vitro studies not the best
— Can we sceen for some things? Use baseline fuels/engines?
— New fuels, new issues — comingling , vapor pressure, water contamination
— Air liquid interface exposure vs installation



Nanoparticles exist in the environment

New fuels (biofuels)

3 New control technologies
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Absorbance

“Clean” soot oxidized with ozone/NOX
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Iron oxide/iron
particles change
rapidly in H,
synthesis flame
Interior

Bing Gao and lan Kennedy
UC Davis



Cell Exposure: 24 Well Plate

 Exhaust flow rate into the exposure chamber 1300
cm3/min

« Turbulence levels similar to those in the tracheal-
bronchial regions of the lung (laminar flow, Re =1

* Nanoparticles deposit mainly by diffusion; larger
agglomerates also gravitationally settle

Diesel Exhaust Inlet

Outlet to Pump
» Pairticle size deposition can be measured [
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Observations

* Nanoparticles can change when they are released into
the environment

* Nanoparticles can co-exist with other pollutants

* Nanoparticle properties can change when they are Iin
biological fluids

 Toxicity can vary significantly depending on experimental
conditions

* No single system currently exists that can easily
determine all of the toxic properties of nanomaterials



