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Accomplishments Reviewed In this Presentation

VVaraton /i SeUIce, SeAasor.ana. aliosprientc
DIOCESSEs Alernce Chemical ana ioxicological
CHaracteristics oJ: Paltic/es

PIVIFseurces; and particle characterstics
Ereeway/imenile seurce asseciated health effects

PIVIFteXICIty. Infrelation’ to; mechanistic: hypotheses
o Oxidative stress and catalytic ROS generation

o Cellular uptake off ultrafines
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Key accomplishments and future research guestions
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Studies of PM Sources and
Atmoespheric Chemistry.

Three Zenes of PMIExposure:
Zone of influence: adjacent to primary: emissions SeUKces
Source sites: nfluenced by a variety of sources
Receptor sites: Influenced by transport and atmospheric chemistry,

\West —————— East

Prevailing winds inithe Los Angeles Basin

Transformation
Dispersion Chemical
reaction
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Spatial Distrbution of Particle Phase
Phenanthreguinene in the LA Basin

 Particle-phase
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Effect ofi Transpoert on PAH! Size

Distribution (Source/Receptor)

Eiguren-Eermandez A., Miguel A.H, Jagues, P. and Sieutas, C. Aerosol Sciernce and_Jechno/oqy; 2003
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Use ofi Source Tracers in PV Exposure and
Toxicelogy Research

Which seurces pose the greatest risks to public health?

= Characterize physical/chemical charactenstics including seurce: thacers

= Conduct texicelegical studies te) differentiate texicity,

= Analyze asseciations hetween toxicity, and Source: tracers teor determine relative
source texicity.

Hoew: de seurce contributions tor ambienit PMisamples vany frem:

s Site to site?
= Over the course of the day? Seasens?
= Between) size firactions?

Appreach: Evaluate concentrations/size distribuition of individual
organic compounds te trace primary and secondary sources of PM:
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Markers have been developed for vehicles, cooking, weed smoke and
photochemistry.

Fine, P.M., Chakrabarti, B, Krudysz M., Schauer J.J. and Sioutas", C. Envirenmental Scierce and Technology, 2004.
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Mobile Source Studies

o Particle mass remains; relatively.
constant with: distance: fiem firceway;
Size distributien chianges
considerally.

= Concentrations ofi nanoparticles
(<20 nm) are: muchi higher Infwinter
tham summer, suggesting that these
particles are volatile, formeadr by,
COndensauion eif erganic Vapoers akter;
they: leave the tallpipe:

e Zhu, Y., Hinds, W.C., Kim, S., Shen, S. and Sioutas™,
C. “Aerosol Science anad. feclirnology;, 38, 5-13, 2004.

sHighway: study found “Most o the
particles censisted of velatile
matemal.”

o Kittleson et al., Inhal. Tex.-16, 2004:




Recent Studies frem PM Centers and EPA:
Ereeway Exposures and Mobile Source Effects

Studiesiin mice, rats and hunians; have reported effects: ofi ealtn
endpoeints In| severalitarget tissues/ergan systems:

1. Cardievascular effects in aged rats; (2 studies) and in humans; (3
studies)

Allergic airnways responses In sensitized mice

Children’s Healtih Study: asthima prevalence

Children’s Health Study lung development

Traffic density study: of effects on human fetall development
Brain inflammation respenses infmice
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Expesure to Traffic and
the Onset ofi Myoecardial linfarction

Resulits: An association hetween exposure te) trafficiand
myocandial infarction Gnset ene MeUr Iater Was 6laserved
(odds ratio: 2.9; 95% coenfidence mterval: 2.2 to 3.8,
P=0.001).

ime spentin:cars;, public transpoert and e PICYCIES Was
consistently’ connected with an Inecreased risk for myocardial
Infarction.

Conclusions: Transient exposure: te traffic might pese a
FISK 1N’ persons vulneranle ter myocardial infarctions.

Peters et al., NEJM, 2004, In press
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Recent Studies of
Ereeway: Exposures and Mebile Source Effects:

Cardiovascular effects

EXpPosUres te) on-read particles
proeduce effects on' the pulmenary
and cardievascular system: in
compromised aged rats;, including
olserved acute phase respense
and inflammateny’ cell activation
(Elder et al. /nfi 7ox 2004) asiwell
as changes in heart rate and bleod
pressure (Kleinman et al. /7.
Preparation)),

Study: of healthy menrexpoesed
during driving (the “Treeper
Study™) noted a significant
assoclation between in- vehicle PV
2.5 exposure levels and changes
In heart rate varmability (HRV) and
other cardiac endpoints. (Riediker
et al., AJRCCH2004)

Gongl et al. have completed the first ultrafine
ExpesuUres onlhuman sulbjects; (healthy: and
asthmatic) and have seenia significant
change inrheart rate variability:

SDNN (5 min rest):
Healthy (red line) & Asthmatic (blue line) Subjects

filtered air

4 Pre 0
Pre/Post Exposure (in Hrs)
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Recent Studies of

Ereeway Exposures and Mobile Seurce: Effects:
Pulmenary. and Allergic Alrways Respenses

Markers ofi allerqgic and mflammatery/ alnwvays respenses Inecreased in
sensitized mice sensitized expoesed to mohile source emissions short
distances frem a fheeway. kienman et a), 2004

» Greater responses at 50m compared o 150m firem the freeway

Asthma prevalence in the Children’s Health Study is associated with

residentiall distance: tos freeway, heth Within and acress communities,
Gauderman et al, 2004.

Current levels of air polluien: asseciated with molile sources: have: chrenic,
adverse efifects on lung develepment frem the age of 10-18/years
leading to clinically: significant deficits ini attained FEV1 as children reach
adulthooed. Gauderman et al, 2004
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Recent Studies; of

Ereeway: Expesures and Moebile Seurce Effects:
Children’s Health Study - Prevalence ofi Asthima by
Distance toe the Ereeway

[Distance to; the P SEICgs
INearest Ereeway/ Total Astiima

(Kilometers) N ) OR?
>0.5 104 (13.5) 210[0
05-1.0 169 (18.9) 2.92
1.0-15 146 (16.4) 2o

15-2.0 102 (10.8) 1.48
20-3.0 138 (15.9) 2.38

3.0-7.0 210 (7.6) 1.00
Trend test’ p=0.01

Odds ratio relative to the 3.0 — 7.0 km group, based on the combined model with
adjustment for sex, race, Hispanic ethnicity, and cohort
Test of trend In odds ratio acress distance groups
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Recent Studies; of

Ereeway Exposures and Moebile Seurce Effects:
Children’s Health Study - Lung Develepmenit and
Expoesure to Alr Pollution

Proportion
ol 18-year
olds with
FEVA
below 80%
off the
predicted
value

0.4 0.6 0.3 1.0 1.2 1.4
Elemental Carbon {ug/m?)

Gauderman, et al. 2004 New: Englanad Journal of Medicine



Recent Studies; of

Ereeway Exposures and Moebile Seurce Effects:
Residential Proximity te Ereeway Irruck Traffic
and Pre-term and LLBWW Babies
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INFantelborn between 199-7-20‘0-0 in Los Angeles County.

Number of freeway trucks passing Odds Ratio (95% Cl)
within 750 feet of a home per day

(n=4,346; 26,606)

> 13,290 trucks 1.23 (1.06-1.43)
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> 8,684 heavy-duty diesel vehicles 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




Distance Weighted Traffic Density: and
Preterm Birthiini LA: 1994-1996

(Case N=17,706; Control N=26,005)

All births Winter births

DWTD Quintiles DWTD Quintiles
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Wilhelmi M, Ritz B. Residential Proximity to Traffic and Adverse Birth Outcomes in LLesi Angeles County, California, 1994-1996.
Environ Health Perspect 2003 Feb; 111.(2):207-16.
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Mechanistic Hypotheses as a Basis for Studying
PVIETexicity andl Health Efifects

PVIFcontains pre-oxidative: chiemicals

Organic chiemicals and metals lecated on the PMEnmatix are
respoensikle for toxicity

PVl generates: reactive oxygen Species: = oxidative Stress
Oxidative stress > pro-inflammatory: effiects

Infiammatien: > adjuvant: effects In| asthma; cardiovascular
disease and other endpeints

Susceptibility ter exidative: stress-related healuh effects may.
e modulatedl By anti-exidant defenses
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Pathways: of Oxidative Stress

High o)
GSH/GSSG GS5H/GI5C
Ratio Ratio

_J

Cell response pathway: Normal, — Antl= [nflammation Tioxicity
exIdant

Defense

Dose e
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oxidative stress

Xiao, et al.
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Compounds Capable off Catalytic Redex ACtivity.

and Oxidative Stress Production

‘[\

Metal * Metal * Metal**

Electron Oxygen
Q Q Superoxide

Quinone Quinone™ Quinone SuperOX|de

SuperomdesulOerOXIde

Superoxide

Superoxide

Electron

Metal**
Superoxide —>  Hydrogen peroxide + Q Q

Quinone Quinone
Hyd roxyl
Hydroxyl
Hydroxyl Hydroxyl

Hydroxyl Hydroxyl

Metal *+*



Particle Size and Composition:
Relation| te Texicity.

Table 5
Contrasting features of coarse, fine, and ultrafine particles®

Parameters Particle mode

Coarse (PM,,) Fine (PM, ) Ultrafine

Size 2.5-10 pm 2.5-0.15 um <0.15

_ i
Organic carbon content + . 4=+ +++
Elemental carbon content + 4+ b e
Metals as % of total elements + + +
PAH content + s
Redox activity (DTT assay) ++ +++
HO-1 induction + + i s ol
GSH depletion o e + 4+
Mitochondrial damage Some Extensive
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2 [85].

(sampled at source site)

From: LI, N., Hae, M., Phalen, R., Hinds, W., Nel, A. (2003). “Particulate air pellutants and asthma: A paradigmi for the
role off oxidative stress in PM-induced adverse health effects.™ Clinical Immunoloay 109: 250-265.




Redox Activity: off Ambient PIV:
Effect ofi Location and Size Fraction

Redox activity

M C
[ F/UF

Redox activity/ug
o
H

Freeway Source Receptor
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Mitechoendria: An Important Subcellular Target
of PMiand a Seurce off ROS Generation

Viag. x 6000 Mag. x 21000 Miag. x 6000 Mag. x 21000
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RAW 264.7

Li, N., Sieutas S, Choe A, Schmitz D, Misra C, Sempf'J, Wang M, Oberly T, Froines J, NellA (2003). “Ultrafine Particulate
Pollutants Induce Oxidative Stress and Mitechondrial Damage.” Envirenmental IHealth Perspectives 111.(4): 455-460.
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Hypothesis:

Differentiall Cytotexic Effects ofi Diesel Exhaust
Particulate Eractiens Are Caused by Selective
Perturpation ofi Mitechondrall FURCHieRS

DEPR; ultrafing
PN fractions

Viitechenadrial funciienal assays Cellfaeatn

o Potential changes i the
mitochoendrial membrane

si\Viitechiondrial PP opening
-sywelling
~calCIum| retention; Capacity.
-OXy/gen uptake
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Recent Findings firom the PM Centers Augment the
Literature that Asseciates PV and Reactive Oxygen
Species/Oxidative Stress

ROS activity infambient PMisamples:

» Vary by location and time-ef-year.

\/any: by size fraction: Smaller PM fractions (10-56/ nm ) had dramatically: higher
ROS concenitirations. Venkatachari et al, Atm. Cherm. 2004

Biologicall markers off ROS production:

» lncreased oxidative: stress markers and mflammatory: effects; in rat lung after
exposure to concentrated ambient particles (CAPS)L. Rhoden. et al, Tox: Sci 2004

Oxidative damage (TBARS) was correlated withi the metall content ofi CAPS.
RHodern. et al, 1ox Scit2004.

Increased ROS in heart and Iung| of rats with shert term CAPS exposure.
Gurguerra et al, 2002
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Summary ofi PV Center Accomplishimenits

Atmoespheric chhemistry has a significant efifect on; PV
compesition.

A wider range: ofi target tissues and health endpoeints are
asseclated with PV expesure tham Was knewn ik 1997,

Results firem diverse types ofi studies has strengthened! the evidence
that moebile seurces are highly relevant te the pulklic healih
rISkS pesed by ambient PM.

Impreved mechanistic Understanding off PVl texicity has
evelved:

Ultrafine particles
Mitchendriall uptake

- Organic compounds and metalsi capable ofi catalytically generating
oxidative stress has been shown.
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Key Questions for Future Work

Which sources pose the greatest risks te public health?

— Need for studies of the: relationships, ameng Specific Seurces, Including mokile
sources, atmosphericichemistry: preducts;, Weod smoke, coeking and others,
and texicity~healths effects

What are critical characteristics of PM 1n/ relation to texIcrty?
—  Eurther evaluation| ofi sizel fractions needed; implicatiens fior PM regulation

— Relationship hetween toxic mechanisms and SPECIfic toXic Compenents

Which health efifects are most sensitive te low levels off P2
— More quantitative exposure-response data are needed

— Role ofi susceptibility: findings including gene-environment Interactions In
determining most sensitive endpoeints

EPA Particulate Viatter Research centers Prograri




