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Background Background 
• PM2.5 standards based on evidence from Epi. studies

• consistent associations between outdoor PM 
concentrations and adverse health effects

• National Research Council, 1997; Research priorities for airborne 
particulate matter (PM)

• Uncertainty due to limited scientific information about
• specific types of particles and composition causing 

adverse health effects
• contributions of particles of outdoor origin to actual 

human exposures 
• underlying mechanisms (pulmonary, vascular, cardiac) 

that can explain the epidemiological findings of mortality 
and morbidity associated with exposure to ambient 
particulate matter
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Summary of Our PM Center Findings Summary of Our PM Center Findings 

• A wider range of target tissues and health endpoints are 
associated with PM exposure than was known in 1997

• Mobile sources are highly relevant to the risks posed by 
ambient PM

• Improved mechanistic understanding of PM toxicity 

Ultrafine particles have an important role in toxicity



4

Health Effects Associated with PM ExposureHealth Effects Associated with PM Exposure

• CNS and autonomic nervous system

• Development:  Low birth weight/preterm birth

• Increase in asthma and other respiratory disease in 
children

• Decrease in lung development and function in children

• Cardiovascular disease including atherosclerosis in 
adults

• Cancer
All Airborne PM is toxic to some degree; potency is 

based on physical and chemical characteristics
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• Characteristics of  ultrafine PM

• Some mechanistic features of ultrafine toxicity

• Health effects identified to date

• Central Hypothesis:  The high number 
concentration of UFPs will be of major 
toxicologic/health significance when these particles 
interact with cells and subcellular components

Objectives of this Objectives of this UltrafineUltrafine Presentation Presentation 
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Model for the Formation of Airborne Model for the Formation of Airborne 
Particulate MatterParticulate Matter

• Combustion of organic materials produce a variety of 
compounds. 

• Particles generated during combustion of organics will 
become rapidly coated with gas-phase adsorbates/condensates 
which will be strongly retained by the surface

• Release dependent on the polarity of the physiological media 
(membrane vs. aqueous) 

• The toxic potential of UFPs is greatly enhanced by their 
free location and movement within cells which promote 
interactions with proteins, organelles and DNA
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Translocation, cont.Translocation, cont.

Oberdorster et al., EHP, 2005
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Source: Nel et al., Science, 2006

Particle number concentrations have been found as high 1.5 million/cc 
with an average of 300,000-400,000 on a freeway near Long Beach
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Inverse Relationship between Particle Size and Inverse Relationship between Particle Size and 
Number of Particles on the surfaceNumber of Particles on the surface

Size nm % on surface

30 10%

10 20%

3 50%Source: Oberdorster et al., EHP, 2005

Sixty years ago-
viruses translocate
along axons and 
across epithelia
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Deposition and Pathways of Particle Translocation Within and Deposition and Pathways of Particle Translocation Within and 
Outside Respiratory TractOutside Respiratory Tract----Main Mechanism for UFP is DiffusionMain Mechanism for UFP is Diffusion

•Translocation of UFP to
interstitium, capillaries, heart

•Uptake by endothelium; platelets

Alveolar inflammation

Translocation of UFP from
NP and TB region along sensory
neurons to CNS (neurodegeneration)
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Source: Li, et al, 2003

Mitochondria: An Important Subcellular Target of Mitochondria: An Important Subcellular Target of 
PM and a Source of ROS GenerationPM and a Source of ROS Generation
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UltrafineUltrafine Particles Cross Cellular Membranes in Particles Cross Cellular Membranes in 
Lungs and Cultured CellsLungs and Cultured Cells

• Ultrastructural analysis of lung tissue found inhaled ultrafine
particles were located within and beyond the epithelial 
barrier, in the main lung tissue compartments, cytoplasm and 
the nucleus of cells

• Particle uptake appears to occur via diffusion or passive 
uptake

• Particles within cells are not membrane bound and have 
direct access to intracellular proteins, organelles, and DNA 
which may greatly enhance their toxic potential

Source: Geiser et al., EHP, 2005
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Exposure to PM (Exposure to PM (BaPBaP))

Source: Sun et al., 1984

•Exposure involves two phases, a rapidly decaying one and one that 
persists for a long time

•Metabolic processes are also present that convert protoxins to toxins
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PM characteristicsPM characteristics
• Elemental carbon and PM in the lung increases with 

age.  The load in secondary targets as well 
(clearance half life can be as great as 700 days in 
humans)

• PM participates in odd electron or radical chemistry 

• PM capable of accepting electrons from reducing 
agents and pass them on to O2 to generate toxic, 
reactive oxygen species

• PM is then capable of oxidative chemistry that is 
responsible downstream for health effects.



17

Characteristics of PM continuedCharacteristics of PM continued
• The reactive chemical species in PM can be organic or inorganic 

and act via two chemical mechanisms, redox (formation of 
reactive oxygen species (ROS) and electrophilic reactions

• The most common functional group associated with PM 
toxicity in the cell are thiol groups on proteins

• Chemical assays have been used to demonstrate that PM can 
generate reactive oxygen species and thiol chemistry

• Ability of PM to participate in chemical/biochemical reactions 
can be used to group/rank PM sources in health outcomes
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HYPOTHESIS: Organic chemical components 
and transition metals associated with PM 

contribute to adverse cardiorespiratory effects 
based on their ability to induce oxidative stress. 

Oxidative stress is responsible for the 
development of inflammation in the lung and 

cardiovascular system, 

UFP have large surface area and therefore 
adsorbed chemicals are bioavailable for redox or 

electrophilic chemistry.
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(A) Dose dependent induction of the antioxidant enzyme, hemeoxygenase-1 by 
ambient PM. Ultrafine PM most active.
(C) Change in GSH/GSSG ratios with different size fractions. Ultrafine most 
potent.
(D) Correlation of HO-1 induction with PM redox activity, assayed by 
consumption of the dithiol, DTT, a measure of redox activity. 

Ambient PM Causes Oxidative StressAmbient PM Causes Oxidative Stress
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DTT Activity and CarbonDTT Activity and Carbon
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Compounds Capable of Catalytic Compounds Capable of Catalytic RedoxRedox Activity Activity 
and Oxidative Stress Productionand Oxidative Stress Production
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Source: Li, et al., 2003

Particle Size and CompositionParticle Size and Composition
Relation to ToxicityRelation to Toxicity

(sampled at source site)
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Does PM Affect other Organ Systems?Does PM Affect other Organ Systems?
Labeled ultrafine particles are translocated to the lung and to specific regions of 

the brain, where they stimulate brains cells to produce pro-inflammatory markers: 
the particles appear to be preferentially located in the mitochondria: redox active
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Potential Effects of PM on the Pulmonary SystemPotential Effects of PM on the Pulmonary System

Lung InjuryLung Injury Altered Lung FunctionAltered Lung Function

Exacerbation of Exacerbation of 
Pulmonary DiseasePulmonary Disease

Altered Pulmonary Altered Pulmonary 
Immune DefenseImmune Defense

Allergic airway 
disease including 

asthma
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European studies with better estimates of traffic 
exposure 

• Adverse respiratory health associated with exposure to 
nearby traffic 

• Truck traffic (diesel) may be more important

• Effects close to heavy motorways

• Effect may be more prominent in girls 

Respiratory Health and Traffic Respiratory Health and Traffic 
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Traffic Related Studies Traffic Related Studies 
• Cardiopulmonary mortality (Netherlands) and road 

proximity:  1.95 (1.09-3.52); black smoke: 1.71 (1.10-
2.67)

• Wheezing in school children (England):  1.08 (1.00-1.16) 
(Venn et al, Am J Crit Care Med, 2001) living within 
150m of a main road

• Lung function changes in children less than 300 m to 
freeway (Netherlands):  FVC –3.6; FEV1 –4.1(truck 
traffic density; FVC –2.7; FEV1 –3.7 (black smoke)

Netherlands:  Brunekreef and co-investigators
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Respiratory Effects and Respiratory Effects and UltrafineUltrafine Particles Particles 

• Peters: Study in asthmatics:  Decreases in peak expiratory flow, feeling ill 
during the day and cough were associated with the number concentration and 
the mass concentration of fine and ultrafine PM. Peters et al., Am J Crit Care 
Med, 1997

• Models suggest the decrease in peak expiratory flow were most closely 
associated with 5 day means of ultrafines as well as health endpoints.

• Pettinen: The present results (PEF) show that particle number 
concentrations (especially UF) are negatively associated with the respiratory 
health of adult asthmatics.

• Findings suggest that particle number concentrations in addition to mass 
measurements should be used in air quality monitoring. Pettinen et al, Eur
Resp J. 2001

• Brunekreef: Growing body of evidence incriminating traffic fumes and 
respiratory disease.  Brunekreef and Sunyer, Eur Resp. J, 2003

Source: Peters et al, 1997, Peters et al, 1997, PenttinenPenttinen et al, 2001, et al, 2001, BrunekreefBrunekreef and and SunyerSunyer, 2003, 2003
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Living within 300m of Major Roadways Living within 300m of Major Roadways 
Affects Lung FunctionAffects Lung Function
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PM Causes Changes in Lung FunctionPM Causes Changes in Lung Function

Humans exposed to 
ultrafine particles have 

decreased diffusing 
capacity, a measure of 

oxygen transfer from the 
lung to the blood 

(vasoconstrictive effect)
Baseline 21h 45h

-3

-2

-1

0

1

D
L C

O
(m

L/
m

in
/m

m
H

g)

Air
UFP

Source: Pietropaoli, et al., 2004



32

Traffic, Susceptibility and Childhood AsthmaTraffic, Susceptibility and Childhood Asthma
((McconnellMcconnell et al., EHP, May, 2006)et al., EHP, May, 2006)

• Asthma and wheeze were strongly associated with residential 
proximity to a major road (75m from a major road)

• These associations were strongest among children with no 
parental history of asthma who had lived at the same address since 
early in life

• In this group, the highest risk occurred adjacent to a major road 
and risk decreased to background rates at 150-200 m from the 
road

• Larger risks of asthma associated with long-term residence within 
75m of a major road were observed among girls than among boys
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Respiratory Toxicity and TrafficRespiratory Toxicity and Traffic

Study of exhaled nitric oxide (Delfino)
Hypothesis

• Airway inflammation in asthmatic children as measured by exhaled nitric oxide 
(eNO) will increase with exposure to fine PM  

Conclusion 
• eNO increased with higher concentrations of both personal and regional 

outdoor elemental carbon levels and outdoor organic carbon. Stronger 
association with EC suggests diesel exhaust exposure may lead to airway 
inflammation in children with asthma.

Clinical exposures to PM (Gong)
Hypothesis

• Short-term exposures to concentrated ambient ultrafine particles in Los 
Angeles cause acute cardiopulmonary responses

Conclusion 
• Reduction of O2 in arterial blood noted: clinical significance in susceptible 

individuals with compromised cardiorespiratory status
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Source Related Investigations Source Related Investigations ––
Freeway Studies/Traffic DensityFreeway Studies/Traffic Density

• Hypothesis 1:  Mobile source emissions will exacerbate airway inflammation and 
allergic airway disease and produce cardiopulmonary effects

• Hypothesis 2:  The magnitude of allergic airway disease and cardiovascular effects 
from mobile sources are a function of the size distribution of PM 

• Hypothesis 3:  Exposure to ultrafine particles at very close proximity to a freeway 
will result in the most severe effects

Conclusions 
• Allergic responses including enhancement of sensitization were seen in mice 

exposed at the site closest to the freeway
• Hypothesis of ultrafine particles as mediators of health effects is supported
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Exacerbation of Asthma by PM Components Exacerbation of Asthma by PM Components 
from Fossil Fuel Combustionfrom Fossil Fuel Combustion

NapthoquinoneNapthoquinone (NQ) and other (NQ) and other 
reactive compounds in PMreactive compounds in PM

BronchiaBronchia

Reduction in Reduction in 
Airway diameterAirway diameter

Epithelial Epithelial 
cellcell

Protective enzymesProtective enzymes
InactivationInactivation

Bronchial Bronchial 
smooth musclesmooth muscle

ContractionContraction

Sensory Sensory 
neuronneuron

Capsaicin receptorCapsaicin receptor
ActivationActivation

Naphthalene is most 
prevalent PAH in LAB; it is 
transformed to NQ in the air

Effects are cumulative and irreversible.  In 
LA the implications are that exposure 
could be as high as 0.1 nmole/day. 
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UltrafinesUltrafines and Surface Areaand Surface Area

• Quantitative comparison of acute adverse effects of 
different UFPs at a dose range causing a moderate 
inflammatory response in lungs in mice. 

• Study confirms the surface area concept is a valuable 
reference for the assessment of causative health effects 
for carbonaceous UFPs.

• Particle surface area may be most appropriate 
parameter to evaluate inflammatory potential and 
predict adverse effects of UFP

*Source: Stoeger et al., 2006
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Potential Effects of PM on the Cardiovascular SystemPotential Effects of PM on the Cardiovascular System

Ambient PM

Pulmonary Nerves

Sudden Cardiac Death

Autonomic Nervous System

Cardiac RhythmHeart Rate

Clotting Factors

Pulmonary Inflammation

Systemic Inflammation

Thrombosis

Atherosclerotic Plaques 

Hypothesis: High UFP exposures lead to systemic inflammation Hypothesis: High UFP exposures lead to systemic inflammation 
through oxidative stress and promote the progression of atheroscthrough oxidative stress and promote the progression of atherosclerosis?lerosis?



38

In Vivo StudiesIn Vivo Studies----The Geriatric Rat The Geriatric Rat 

Blood pressure and heart rate were increased after CAPs exposures
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Panel Studies of Cardiovascular Health Panel Studies of Cardiovascular Health 

Panel studies with repeated measures show 
associations between PM and risk of:

• Cardiac ischemia and arrhythmias
• Increased blood pressure
• Decreased heart rate variability
• Increased circulating markers of thrombosis and 

inflammation 
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UltrafineUltrafine StudiesStudies
• Wichmann et al., 2000:  Associations between ambient 

UFPs and mortality

• Pekankanen et al., 2002:  Cardiac ischemia in relation to 
UF particles.  Odds ratio – 2.84 and 10,000 ufp/cm3

• Chan et al., 2004:  Personal exposure to UFP was 
associated with decreases in heart rate variability-
autonomic control of cardiac rhythm associated with 
increased mortality after MI and related to sudden 
arrythmic death

• Devlin et al., 2003:  Significant decreases in HRV in 10 
elderly adults exposed to CAPs from mobile sources
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Traffic StudiesTraffic Studies
• Riediker et al., 2004:  Potential physiologic effects 

of in-vehicle roadside exposures were investigated 
in North Carolina Highway Patrol troopers

• Findings:  decreased lymphocytes, increased red 
blood cell indices, von Willebrand factor, next 
morning heart beat cycle length, next morning 
HRV and ectopic beats

“In vehicle exposure may cause pathophysiological
changes that involve inflammation, coagulation and 

cardiac rhythm.” 
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Exposure to Traffic and Exposure to Traffic and 
the Onset of Myocardial Infarctionthe Onset of Myocardial Infarction

• Study intent:  Assess whether exposure to traffic can trigger 
myocardial infarction

• Results: An association between exposure to traffic and 
myocardial infarction onset one hour later was observed (odds 
ratio: 2.9; 95% confidence interval: 2.2 to 3.8, p<0.001)

• Time spent in cars, public transport and on bicycles was 
consistently connected with an increased risk for myocardial 
infarction

• Conclusions: Transient exposure to traffic might pose a risk in 
persons vulnerable to myocardial infarctions

Source: Peters et al., NEJM, 
2004
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ConclusionsConclusions––Role of Role of UltrafinesUltrafines

• The role of ultrafine particles have not been fully 
investigated due to lack of data

• Data from epidemiological studies indirectly link 
implicate traffic and other combusion related pollutants 
which include ultrafines

• Evidence shows inflammation and oxidative stress are 
related to both acute and chronic processes in 
cardiovascular health including atherosclerosis

• Redox active components of ultrafine particles reach 
target sites in the lungs, vasculature and heart to induce 
inflammation and oxidative stress*

*Source: Delfino et al., 2005
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UltrafineUltrafine Particles and DNA DamageParticles and DNA Damage

Source: Vinzents, et al. 2005

Oxidative DNA Base Damage was Associated with 
Personal Exposure To UFPs
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Four Main Properties of Diesel ParticlesFour Main Properties of Diesel Particles

• High proportion of Elemental Carbon

• Large surface area (a carbon core)

• Enrichment of PAHs

• Most diesel particles (50-90%) are SMALL
(~.005 to 0.05um)

Source: USEPA , EPA/600/8-90/057F/May2002
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Nov. 2004, Environmental Health Perspectives
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Occupational Diesel Exposure and Lung CancerOccupational Diesel Exposure and Lung Cancer

• “Our observation of lung cancer risk [in railroad 
workers] is similar to the risk noted by others in the 
literature.  In more than 35 studies of workers with 
occupational exposure to diesel exhaust, excess risk 
of lung cancer is consistently elevated by 20–50%.”

• “These results indicate that the association between 
diesel exhaust exposure and lung cancer is real.”

Source: Garshick et al., 2004
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Residential Proximity to Freeway Truck Traffic Residential Proximity to Freeway Truck Traffic 
and Preterm & LBW babiesand Preterm & LBW babies

Number of freeway trucks passing 
within 750 feet of a home per day 

Odds Ratio (95% Cl) 

 
 
≥ 13,290 trucks  
 
≥ 8,684 heavy-duty diesel vehicles 

(n=4,346; 26,606) 
 
1.23 (1.06-1.43) 
 
1.18 (1.02-1.37) 

Model adjusted for all maternal risk factors as covariates, background air pollution 
concentrations and census block-group level socio-economic status 

Infants born between 1997Infants born between 1997--2000 in Los Angeles County2000 in Los Angeles County



49

Key Issues for Future WorkKey Issues for Future Work

• Key finding to date:  UFP:  Particle surface area may be the best 
measure of toxicity over that of mass or particle number*

• Good toxicological evidence that UFP cause inflammation in the 
lungs

• What are critical characteristics of PM in relation to toxicity?

• Further evaluation of size fractions needed-Research on UFP 
should be a major priority given the data to date: focused 
research is a very high priority

• Additional studies on particle surface area vis a vis toxicity 

• Relationship between toxic mechanisms and specific toxic 
components 

*Source: Oberdorster et al., 2005



50

Research CollaboratorsResearch Collaborators

• Constantinos Sioutas, USC

• Arthur Cho, UCLA

• Elinor Fanning, UCLA

• John Fukuto, UCLA

• Andre Nel, UCLA

• Yoshito Kumagai, Tsukuba University, Japan

• Michael Kleinman, UC Irvine

• Henry Gong, Rancho Los Amigos Rehab Ctr
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Source: Peters, et al. 2004
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Traffic, Susceptibility and Childhood AsthmaTraffic, Susceptibility and Childhood Asthma
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Statistical AnalysesStatistical Analyses
• 2-way ANOVA on Site vs. Exposure

• IL-5     Significant increase BH1 CAPs exposed vs. other exposed or
controls

• IgG1    Significant increase BH1 CAPs exposed vs. other exposed 
or controls

• EOS    Significant increase BH1 CAPs exposed vs. other exposed


