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Much of our thinking about nanoparticles stems from 
our knowledge of traffic-related particulate matter 

(EPA, 2004) 
• The four polydisperse modes of 

traffic-related ambient particulate 
matter span approximately 4 
orders of magnitude from below 1 
nm to above 10 μm.  

• Nucleation and Aitken mode 
particles are defined as ultrafine 
particles (<~100 nm).  

• Source-dependent chemical 
composition is not well controlled 
and varies considerably.  

• In contrast engineered 
nanoparticles (1-100 nm) have 
well controlled chemistry and are 
generally monodispersed. 

• The particles < 10 nm have 
surface properties that are 
quantum dominated and may 
represent a separate class of 
materials. 
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Black and Brown Carbon Aerosols are 
Important Constituents of PM2.5 and UFP 

• Black carbon (BC) is the most strongly light-absorbing component of 
particulate matter (PM), and is formed by the incomplete 
combustion of fossil fuels, biofuels, and biomass. 

• BC is emitted directly into the atmosphere in the form of fine 
particles (PM2.5) and ultrafine particles (PM0.1).   These are also 
considered nanoparticles. 

• BC is the most effective form of PM, by mass, at absorbing solar 
energy: per unit of mass in the atmosphere, BC can absorb a million 
times more energy than carbon dioxide (CO2).   

• BC is a major component of “soot”, a complex light-absorbing 
mixture that comprised of a mixture of Elemental Carbon (EC) and 
Particulate Organic Carbon (OC).    

• Organic carbon aerosols are a significant absorber of solar radiation. 
The absorbing part of organic aerosols is referred to as "brown" 
carbon (BrC).  
 

http://www.epa.gov/blackcarbon/basic.html 



Understanding How Inhaled Particles 

can Affect Health Begins With 

Understanding the Respiratory System
• Particles can deposit in the 

head and the chest.

• The human lung is a 

complex, branching 

structure.

• The structure is also 

complex at the cellular 

level .

• This complexity means 

that different parts of the 

lung have different 

sensitivities to particles.



From Where Does Black Carbon 
Come? 

http://www.epa.gov/blackcarbon/basic.html 



BC Emissions Have Been Trending 
Down! 

http://www.epa.gov/blackcarbon/basic.html 
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Particles of Different Size Deposit in Different 

Places in the Respiratory System .  Size 

Influences Target Sites in the Lung
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While Soluble Particles Distribute into Lung Fluids, 

Insoluble Particles can be Retained For Long Periods









Typical Ambient Black Carbon 
Nanoparticles vs. Engineered Particles 



Do Ambient UFP Play a Role in 
Cardiovascular Disease? 

• An increase in air pollutants leads to increased mortality and 
hospital admissions because of cardiovascular diseases (Analitis 
A. et al. 2006, Zanobetti et al. 2003, Dominici et al. 2006, Peel et al. 2007) 

 
• Exposure to elevated levels of particulate matter (PM) in 

ambient air leads to an increased heart rate (HR) and a 
decreased heart rate variability (HRV) in elderly patients 
(Dubowsky Adar S. et al. 2007, Luttmann-Gibson et al. 2006) 

 
• Individuals in the >65 year-old age bracket are more 

susceptible to air pollution-associated heart-related morbidity 
and mortality 

• Black and Brown Carbon are important constituents of 
ambient UFP. 

• The role of the organic constituents of ambient PM may be 
associated with the effects of UFP on the heart. 



Recent Findings and Implications of Air Quality-
Related Health Research at UC Irvine 

• Nearly 50% of deaths are 
associated with heart disease. 

• Ultrafine PM (UFP) is more 
effective than Fine PM in 
promoting atherosclerosis. 

• Biomarkers of heart disease are 
associated with organic (OC) 
and elemental carbon (EC) 
components of UFP. 

• UFP may be important because 
large surface area may act as a 
“carrier” that brings chemicals 
into areas that they couldn’t 
ordinarily reach. 

 
 

 

Epidemiology 
• Delfino – Cardiovascular effects 

of UFP, association of 
biomarkers with adverse effects 

• Wu -  Land use regression for 
traffic related adverse responses 

• Edwards -  Exposure and risk 
assessments. 

• AirUCI – ongoing characterization  
of ambient aerosols. 

• UCLA -  in vitro toxicology assays. 
• USC -  Characterization of ambient 

PM organics. 
 

• APHEL – Near road exposures 
promote airway allergies; PM 
exposure accelerates 
atherosclerosis. 



Cardiovascular Study 

• Methods 



Testing a Specific Mechanism by which PM 
Exposure Exacerbates Heart Disease 

• Human biomarker study (Delfino) indicated importance of UFP organic carbon (OC) 
constituents  related to coronary artery disease. 

• We had previously shown that UFP accelerates atherosclerosis in mice. 
• We have also shown that PM is less reactive, in vitro, when we remove the organic 

constituents from UFP using a denuder (which works analogously to modern diesel 
afterburner emission controls). 

• So we tested the hypothesis that removal of the OC from UFP would block the 
acceleration of atherosclerosis. 
 
 
 

1. We exposed mice in LA to  air, 
denuded and undenuded PM. 

2. We characterized the PM. 
3. We examined serum biomarkers  

and arteries 
4. We analyzed changes in heart 

rate and heart rate variability 
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Particle Concentrator (VACES) 



Thermodenuder 



W mode V mode 
Reflectron 

(W mode) 

• AMS provides real time high resolution mass spectra of particles as well as particle size 
distributions (aerodynamic diameter). 



Scanning Mobility Particle Size Spectrometer 

(SMPS) 

• SMPS measures electrical mobility 
diameter of polydisperse aerosol samples. 

• Size distributions and particle 
concentrations were measured before and 
after the particle concentrator. 

 

 

• AMS data collected of ambient air and 
particles concentrated by particle 
concentrator. 

to CPC for 

counting 



Mice were exposed 

to Purified Air, 

undenuded CAPs or 

denuded CAPs in 

Sealed Chambers 

The Sealed Chambers 

Can Be Placed Onto 

Racks and Transported 

to USC for the 

Exposures 

ECG Telemetry Transponders were Implanted to provide physiology data 
before, during and after exposures over the 8 week exposure period. 



Exposure Protocol 

• ApoE-/- mice were surgically implanted with ECG 
telemetry devices. 

• Mice were transported to the exposure site while 
breathing purified air. 

• Mice were exposed 6 hr per day (8AM to 2 PM) 4 days 
per week  for 8 weeks at a site near US110. 

• Mice were transported to UC Irvine and housed in 
filtered air-supplied caging systems. 

• ECG data were monitored during exposures and while 
the mice were in housing (21 hr / day). 

• All animal protocols were approved by the Institutional 
Animal Care and Use Committee. 
 



The Exposure Site was Proximal to 
Heavily Trafficked Highways 





Cardiovascular Study 

• Methods 

• Results 
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Ambient PM Exposure Causes Reduced 
Heart Rate Variability – Removing the 
Organic Constituents Blocks The Effect 
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Exposure raises cholesterol but 
the organic fraction oxidizes the 
lipids promoting atherosclerosis 

0

50

100

150

200

250

Air Undenuded Denuded

Li
p

id
 P

e
ro

xi
d

at
io

n
 (

n
m

o
l M

D
A

/m
g 

p
ro

te
in

) 

Lipid Peroxidation 

8

10

12

14

Air Undenuded Denuded

Se
ru

m
 L

D
L 

(m
M

) 

 Serum LDL 



Particle Free Organics had an Independent Effect  







Cardiovascular Study 

• Methods 

• Results 

• Conclusions 



Conclusions 
• The VACES and the Dekati Thermodenuder can be used in tandem to 

deliver undenuded ultrafine ambient PM (UFP, dp ≤ 0.18 µm), denuded 
UFP and Particle Free Organic Vapor (PFO; consisting of organic 
compounds stripped from the PM by the denuder) to genetically 
modified, apoE-/-, mice in a mobile rodent exposure system;  

• Exposures to undenuded PM accelerated the development of 
atherosclerotic plaques;  

• Exposures to undenuded PM or to PFO induced decreases in heart rate 
variability;  

• The organic constituents of UFP are important contributors to 
atherosclerotic plaque development and significantly accelerate the 
growth of arterial plaques after an 8 week exposure; 



Conclusions 
• Exposure to both organic and inorganic constituents of UFP raise serum 

concentrations of cholesterol and low density lipoprotein-cholesterol 
(LDL), but  

• Exposures to denuded UFP (PM denuded of most organic constituents) 
did not promote serum lipid peroxidation while exposures to 
undenuded UFP or to PFO did promote serum lipid peroxidation. 

• Progressive losses in HRV were seen with CAPs but not with denuded 
CAPs. 

•  This study has demonstrated that the semi-volatile PM fraction of 
ambient ultrafine particulate matter is an important contributor to the 
development of atherosclerosis and heart disease.  

• Thermal denuding  technology such as afterburner emission controls  
not only reduce pollution but reduce the toxicity of the residual 
particles. 
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