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Modes of Particles in Ambient Air
e from Different Processes.
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Effects [%6] of 10 }Iy,."m' PM increase (daily mean)

| Acute effects range
3 m mortality to

. exacerbation of
symptoms.

st The most sensitive
i _i_' are those with

Emergency department visits Chronlc pre—eXIStlng
disease.
Elderly people and

children are also
sensitive.

Hospital admissions



results in differential
sensitivity to
particles.
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Fig. 1. (A) Constricted airway often lound in aulopsy of
asthmatic lungs, giving an impression of oversiressed
muscular hyparirophy, HEE stain. » 33 (B) A schema
flustrating the morphometnic Ireaiment of bronchial mus-
cle. A sagmant with the basemant mambirans o parim-
aler length L and muscles of 1otal areas (i) is stan-
dardized into a circular stats (righf) with tha sama L and
5, whare the anatomic radius R and 1he muscular thick-
ness D are detarmined.
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Chemical Components of PM and Their Biologic Effects

Component Major Subcomponents Described Biologic Etfects
Metals [ron, vanedium, nickel, copper, platinum, and  Can trigger infammation, cause DNA damage, and
others alter cell parmeability by inducing production of
reactive oxygen species {particularly hydroxyl free
radicals) in tissues
Organic Many are adsorbed onto particles; some SO May Ccause mutations, some may CAuse CANCer;
Compounds volatile or semivolatile organic species torm others can act as irritants and can induce allergic
particles themselves reactions
Biologic Viruses, bacteria and their endotoxins Plant pollens can trigger allergic responses in the
origin {lipopolysaccharides), animal and plant airways of sansitive individuals; viruses and
dabris (such as pollen fragments), and fungal bacteria can provoke immune defense responses in
Sporas the airways
lons Sultate” [usually as ammonium sulfate], Sulturic scid at relatively high concentrations can

Heactive
Casas

Particle
COTE

nitrata® (usually ammonium or sodium
nitrata), and acidity {H')

Ozone, peroxides, aldehydes

Carbonpoeous matarial

impair mucociliary clearance and increase airway
resistance in paople with asthma; acidity may
change the solability {and availability] of metals and
other compounds adsorbed onto particles

May rdsorb onto particles and be transported into
lower airways, cauging injury

Carbon induces lung irritation, apithelial cell
proliferation, and fibrosis after long-term exposure

| Formead Trom the naaimalization of sulfnmno scd vapor, which s geseraed from the axidatbon of salier diccide amdtied fom conshestion ol el comtaining

salfar, smeh as thal used in eotar vebicles and obls and coal-buming prasaplants

b Formaed from nitric achd vapar. which is gameratesd in the almosphere frons the mactions of nilrogen oxldaes
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OConsequences can be gas-exchange compromise
and resolution can involve fibrogenesis leading to
permanent or progressive damage.






Cytekines

EiSmall gJ ycosylated prc ?"."'éo Da)

apetlte sleep patterns).

EIRoIe(s) in tissue Injury, infection and neoplasia are
complex.

LCan be “initiators” or “recruiters.”



of infection or

in non-immune cells
, epithelial and endothelial

i :

dPersistent expression of i

associated with chronic inflammatory or fibrotic lung
diseases (e.g. pulmonary granulomas and tissue
fibroses).







Release of

mokines

Particles
Oxidants
Bacteria \\

alveociar
macrophage

chemokines
(e.g.. MIP-2, MIP-1a, MCP-1)

@ inflammatory
cells

endothelial
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Acute Phase Response

f

Hepatocytes

Interleukin-1T Tumour Necrosis Factor |nterleukin- &

(IL-1) (TNF) (IL - &)

Activated Macrophage




e,

nvironmental Composition
 Characteristics

organic C, SO,, NO,,
- elemental C, metals

~ organic C, SO, NO,,

~ roads, industrial materials,

* brakelinings, tire residues,

| SO, NO,, elemental C,
i metals
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id ultrafine (< 0.1



before
and after 18

Inflated and fixed for histology.

Macrophages analyzed for free radical
production.
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; Systolic Blood Pressurein Young Adult Rats

. Heart Rate in'Y Adult Rat
Immediately and 24-hour s Post Exposure eart ~ae 1n Young AUl Rats
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Determines
lon and Dose

Particle Deposition in the Rat

Nasal
Bronchial

Pulmonary

gas exch ge region [ SR
of the lung increases T ottt
with decreasing B -
particle size.
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e Size Determines
factions and Sites

Figure 2. Estimated Regional Particle Deposition in the Rat

B Tota

A Bronchia

correcting for nasal

deposition.

Of the aerosol that
penetrates through
the URT, most
deposit in the gas
exchange region.
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ventilation from
observations or
scaling models.

We can calculate a
deposited dose.

Pre to Posi-Exposure Change in Blood Pressure (mm Hg)

Senescent Rats

Deposited Dose (ug)

b
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Pre to Post-Exposure Change in Blood Pressure (mm Hg}
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Luminescence (mV)

Relationship Between Exhaled NO and
Macrophage Respiratory Burst Activity
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200 r

100 [
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Air
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e

~raction.

Hypotension Is Associated with Pulmonary
Oxidative Stress.

NO data are consistent with above.




Holding compogltion constant, 0.2 u particles
were not more toxic than larger particles.

Studies with real-world and real UF particles are
needed






Orgamc and inorganic PM constituents
that can generate ROS will be
associated with responses.



_ Ovgiisiim

that Is not influenced by the freeway.

Particle mass concentrations will be
held constant at each exposure site.



Study Sites
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Organic and inorganic PM constituents
that can generate ROS will be
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_ Ovgiisiim

that Is not influenced by the freeway.

Particle mass concentrations will be
held constant at each exposure site.



Prevailing wind direction South to
Southwest.
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yed to any accessible site.

Use of facility approved by ARC



Relatwve Concentration

: Particle Mumber
Black Carbon

0.0t

Upwand -300 - -100 0 300 Dowrnwind

Dustance to the 405 Freeway (im)

Figure 1. Ambient carbon monoxide (CO) is highly correlated with the number of
ultrafine particles and black carbon but not to PM2.5 particle mass. Black carbon
Isawell accepted tracer for emissions from diesel engines. The concentrations of
CO and ultrafine particles are high near the edge of a heavily trafficked freeway
(U.S. 405) but the concentrations nearly 5-fold 50 to 100 m downwind.
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v Level -- Induce defenses (i.e. GSH and
heme oxygenase)

Intermediate Levels -- Antigent
presentation and T cell activation

High Levels -- Cytotoxicity (necrosis and
apoptosis)
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Responses of Mice Exposed ~50 Downwind of Freeway to CAPs and OVA

Group Sizes = 9 Bars Represent Mean £ SE
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ug/m? yielded
| eosinophils and

agré:és with the multiphasic mechanistic
model proposed by Nel.

Responses decreased with increasing
distance from freeway.



