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State is “in Attainment”State is “in Attainment”
NAAQS in most areasNAAQS in most areas

Spokane still has PM and CO problemSpokane still has PM and CO problem
WallulaWallula has maintenance plan submittedhas maintenance plan submitted
BUTBUT attainment does not mean “safe from attainment does not mean “safe from 
death and illness”death and illness”
Health effects (below annual standard of Health effects (below annual standard of 
1515μμ/m/m33 and and 2424--hr standard of 65 hr standard of 65 μμ/m/m33))
Clean Air Act:Clean Air Act: NAAQS to “be protective of NAAQS to “be protective of 
even sensitive populations with an adequate even sensitive populations with an adequate 
margin of safety”margin of safety”



The Air We BreatheThe Air We Breathe
Is aIs a mixturemixture of gases and particlesof gases and particles
Breathing this mixture affects usBreathing this mixture affects us 24 24 
hours a dayhours a day, indoors and outside, indoors and outside
The mixture is different indoors and The mixture is different indoors and 
outside; the time we are exposed outside; the time we are exposed 
differs; we are affected differentlydiffers; we are affected differently
The mixture depends on emissions The mixture depends on emissions 
from contributing sourcesfrom contributing sources



Air PollutionAir Pollution
Makes Beautiful SunsetsMakes Beautiful Sunsets

ImpairsImpairs VisibilityVisibility

Causes DeathCauses Death
And IllnessAnd Illness



Who is Affected?Who is Affected?

People are affectedPeople are affected
Because ofBecause of who they are:who they are:
age, state of health, genetic age, state of health, genetic 
predispositionpredisposition
Because of theBecause of the level of exposurelevel of exposure
higher level of exposure: greater higher level of exposure: greater 
effecteffect
(proximity to source may determine (proximity to source may determine 
level)level)



Children More ExposedChildren More Exposed
More SusceptibleMore Susceptible



ChildrenChildren
Breathe more airBreathe more air per body weight than per body weight than 
adultsadults
Tend to beTend to be activeactive, breathe more, breathe more
Mouth breatheMouth breathe when active, cryingwhen active, crying
Lungs still developingLungs still developing in infants, small in infants, small 
childrenchildren
Respiratory, immune, brainRespiratory, immune, brain defenses defenses 
not fully formednot fully formed



Older adultsOlder adults

LoseLose Immune, RespiratoryImmune, Respiratory Defenses Defenses 
with Agingwith Aging
May haveMay have Lung InjuryLung Injury
May haveMay have AtherosclerosisAtherosclerosis, other Heart , other Heart 
or Circulatory Illness,or Circulatory Illness, DiabetesDiabetes



Increased ExposureIncreased Exposure

ActivityActivity IncreasesIncreases Respiratory Rate, Respiratory Rate, 
VolumeVolume
Mouth BreathingMouth Breathing
Proximity to sources:Proximity to sources: higher levelshigher levels
Topography:Topography: those in valleys more those in valleys more 
exposed than those on ridgesexposed than those on ridges
TemperatureTemperature Inversions bottle up Inversions bottle up 
pollutantspollutants



Who are the Villains?Who are the Villains?

Combustion particlesCombustion particles and and products products (nitrogen (nitrogen 
oxides, sulfur oxides, aldehydes, polycyclic oxides, sulfur oxides, aldehydes, polycyclic 
aromatic hydrocarbons  and many thousand aromatic hydrocarbons  and many thousand 
others)others)
Gaseous solvents from industrial processes,Gaseous solvents from industrial processes,
combustion, combustion, productsproducts
Ozone:Ozone: formed whenformed when nitrogen oxidesnitrogen oxides, and , and 
gaseousgaseous solvents solvents are energized by UV in are energized by UV in 
sunlightsunlight



Particles: Vary in SizeParticles: Vary in Size

MeasuredMeasured by monitors asby monitors as
Large:Large: TTotalotal SSuspended uspended PParticulate: articulate: 
mostly mostly crustalcrustal dustdust
Small:Small: PMPM1010 = 10 microns and less= 10 microns and less
Fine and UltraFine and Ultra--finefine:: PMPM2.52.5 = 2.5 microns = 2.5 microns 
and less, and less, mostly smaller than one mostly smaller than one 
micronmicron = Combustion particles= Combustion particles



Human Hair (70 µm 
diameter)

Human Hair (70 Human Hair (70 µµm m 
diameter)diameter)

Hair cross section (70 mm)Hair cross section (70 mm)Hair cross section (70 mm)

PM2.5
(2.5 µm)

PMPM2.52.5
(2.5 (2.5 µµm)m)

PM10
(10µm)
PMPM1010

(10µm)(10µm)

M. Lipsett, California Office of Environmental Health Hazard Assessment

Airborne particles are a complex mixture of 
extremely small solids and liquid droplets

Airborne particles are a complex mixture of Airborne particles are a complex mixture of 
extremely small solids and liquid dropletsextremely small solids and liquid droplets

Particles: What Are They?Particles: What Are They?Particles: What Are They?



Combustion ParticlesCombustion Particles
Most closely related  to health effectsMost closely related  to health effects
(may act as surrogate for many air (may act as surrogate for many air 
pollution effects)pollution effects)
Very smallVery small (less than a tenth of a micron); (less than a tenth of a micron); 
distribute widely (NAAQS);distribute widely (NAAQS); go indoorsgo indoors
Adsorb and carryAdsorb and carry other toxic combustion other toxic combustion 
products on their surfaceproducts on their surface and and deep into deep into 
the lung.the lung.
Measured as and called PMMeasured as and called PM2.52.5



London Smog EpisodeLondon Smog Episode



Air Pollution Health EffectsAir Pollution Health Effects

London Smog StudiesLondon Smog Studies
Donora PennsylvaniaDonora Pennsylvania
Modern studies:Modern studies: Harvard Six CitiesHarvard Six Cities; ; 
American Cancer SocietyAmerican Cancer Society: prospective : prospective 
studies of  exposure to air pollutants; studies of  exposure to air pollutants; 
risk (particulate matter as surrogate);risk (particulate matter as surrogate);
more than 200 epidemiological studiesmore than 200 epidemiological studies, , 
various designsvarious designs



Factors in Evaluating Factors in Evaluating 
Epidemiological ResultsEpidemiological Results

Strength of association:Strength of association: Consistent Consistent 
and significant associations among and significant associations among 
studiesstudies
Coherency and ConsistencyCoherency and Consistency: similar : similar 
types of health effects across studiestypes of health effects across studies
From associationFrom association in individual studies in individual studies 
toto CAUSATION CAUSATION from body of studiesfrom body of studies



Studies of Fine Particle Studies of Fine Particle 
Health EffectsHealth Effects

Associations between fine Associations between fine 
particles andparticles and deathdeath
Associations between fine Associations between fine 
particles andparticles and illnessillness
From chronic exposure to low From chronic exposure to low 
levels levels and air pollution episodesand air pollution episodes



Health effectsHealth effects from from longlong--
term, low level exposuresterm, low level exposures

IllnessIllness
increase in chronic respiratory illnessincrease in chronic respiratory illness
decrease lung function in childrendecrease lung function in children
(predisposes children to Chronic (predisposes children to Chronic 
Obstructive Pulmonary Disease as Obstructive Pulmonary Disease as 
adults)adults)

DeathDeath
increases overall death rateincreases overall death rate (not just in (not just in 
individuals near death)individuals near death)





Observations of chronic Observations of chronic 
particle health effectsparticle health effects

aggravation of asthmaaggravation of asthma
inflammation of inflammation of 
respiratory membranesrespiratory membranes
bronchoconstrictionbronchoconstriction
impaired respiratory impaired respiratory 
defensedefense
decreased heart rate decreased heart rate 
variabilityvariability
accumulation of accumulation of 
particles in lungsparticles in lungs



Cardiovascular system effects
Changes in heart rate and heart rate 
variability
Blood component changes
Cardiac arrhythmias
Atherosclerosis (hardening 
of arteries)
Heart attacks

Cardiovascular system effectsCardiovascular system effects
Changes in heart rate and heart rate Changes in heart rate and heart rate 
variabilityvariability
Blood component changesBlood component changes
Cardiac arrhythmiasCardiac arrhythmias
Atherosclerosis (hardening Atherosclerosis (hardening 
of arteries)of arteries)
Heart attacksHeart attacks

… and the Heart…… and the Heartand the Heart



Health effectsHealth effects from from 
Air Pollution EpisodesAir Pollution Episodes
Death: CardiopulmonaryDeath: Cardiopulmonary
Illness:Illness: respiratory and heartrespiratory and heart

increase in respiratoryincrease in respiratory symptomssymptoms
increase ER visitsincrease ER visits
increase inincrease in hospitalizationshospitalizations
decreasedecrease lung function (children)lung function (children)
decreaseddecreased lung growth (children)lung growth (children)
increasedincreased medication usemedication use



When you can’t breathe, When you can’t breathe, 
nothing else mattersnothing else matters



Measured “ancillary” effects Measured “ancillary” effects 
(from short(from short--term exposures)term exposures)

restricted activity daysrestricted activity days
school absencesschool absences
lost work dayslost work days
health care costshealth care costs



Data forData for DeathDeath//IllnessIllness from shortfrom short--
term exposure to PMterm exposure to PM2.52.5

clear, consistent, significant associationclear, consistent, significant association
when mean 24when mean 24--hr PMhr PM2.52.5 concentrations are:concentrations are:

20 �g/m20 �g/m33:: increased mortality : heart and increased mortality : heart and 
respiratory patientsrespiratory patients
between 15between 15--21 �g/m21 �g/m33:: increased hospital increased hospital 
admissions, respiratory symptoms  admissions, respiratory symptoms  
Current  “healthCurrent  “health--based”based”

2424--hrhr NAAQS NAAQS == 65 �g/m65 �g/m33











“Pyramid of Effects”““Pyramid of Effects”Pyramid of Effects”

lung function changes, immune cell responses, 
heart rate or heart rate variability responses 

Asthma attacks, medication use, 
symptoms

Doctor visits

Hospital 
Admissions

Death



WhoWho diesdies from shortfrom short--term term 
exposures to fine particles?exposures to fine particles?

individuals withindividuals with chronic pulmonary chronic pulmonary 
diseasedisease
-- bronchitis, emphysema, asthmabronchitis, emphysema, asthma
individuals withindividuals with cardiovascular diseasecardiovascular disease
individuals withindividuals with infectionsinfections
-- flu, pneumoniaflu, pneumonia
elderlyelderly
infantsinfants



Health EffectsHealth Effects
Can range from those that Can range from those that 
areare transient and only affect transient and only affect 
productivityproductivity to those that to those that 
areare long termlong term,, produce produce 
chronic or severe effects or chronic or severe effects or 
eveneven disabilitydisability,, and deathand death



Options for Proposed Revision Options for Proposed Revision 
of Fine PM 24of Fine PM 24--hour NAQQS hour NAQQS 

Index:Index: PMPM2.52.5
ConcentrationsConcentrations::
** 3030--25 25 μμg/mg/m33 ((with annual remaining with annual remaining 

@ 15 @ 15 μμg/mg/m33)  OR)  OR
** 4040--35 35 μμg/mg/m33 ((with annual changed to with annual changed to 

1313--12 12 μμg/mg/m33 rangerange))
Form:Form: 9999thth percentile 3percentile 3--year arithmetic year arithmetic 
averageaverage
(greater risk reduction than 98(greater risk reduction than 98thth percentile)percentile)
use highest monitor averages: use highest monitor averages: eliminating eliminating 

spatial averagingspatial averaging across monitors across monitors 
in an area gives greater risk reductionin an area gives greater risk reduction



Options for Proposed Revision Options for Proposed Revision 
of Annual Fine PM NAAQSof Annual Fine PM NAAQS

Index:Index: PMPM2.5 2.5 

Concentration:Concentration:
**Retain Retain 15 15 μμg/mg/m33 annual PMannual PM2.5 2.5 ((with 24with 24--hour        hour        
standard revisedstandard revised toto 3535--2525 μμg/mg/m33 andand withwith 9999thth

percentile form for 24percentile form for 24--hr standard hr standard (24(24--hr hr 
standard controlling) OR: standard controlling) OR: 
**Revise annual PMRevise annual PM2.52.5 to 14to 14--12 12 μμg/mg/m33 range range 
(with  24(with  24--hour standard @ 40hour standard @ 40--3535 μμg/mg/m33)  )  
(annual standard controlling)(annual standard controlling)
Form:  Form:  9999thth percentilepercentile



Options for New 24Options for New 24--hourThoracic hourThoracic 
Coarse Particle StandardCoarse Particle Standard

Replace current PMReplace current PM1010 2424--hr standard so as to protect hr standard so as to protect 
against respiratory health effectsagainst respiratory health effects

Index: Index: PMPM1010--2.5 2.5 (10 (10 μμ as upper cutas upper cut--point; 2.5 point; 2.5 μμ as lower as lower 
cutcut--point; not include fine particles)point; not include fine particles)
Concentration and Form: Concentration and Form: 
-- 6565--70 70 μμg/mg/m33 @ @ 9898thth percentilepercentile OR OR 
-- 7575--85 85 μμg/mg/m33 @ @ 9999thth percentilepercentile;;
possible consideration of:possible consideration of:
-- 30 30 μμg/mg/m33 @ @ 9898thth percentilepercentile OROR
-- 35 35 μμg/mg/m33 @ @ 9999thth percentilepercentile



Diesel Particle Emissions:Diesel Particle Emissions:
More ToxicMore Toxic



Diesel:Diesel:
More Toxic Fine ParticlesMore Toxic Fine Particles
Small Small ((~0.2 ~0.2 μμ)), large surface area, large surface area ((90 90 
mm22/ gram/ gram diesel soot)diesel soot)
High temperature combustion High temperature combustion 
produces nitrated PAH, arene produces nitrated PAH, arene 
compounds:compounds: highly carcinogenichighly carcinogenic
Type of fuelType of fuel (high vs low sulfur); (high vs low sulfur); 
more particles, depending onmore particles, depending on engine engine 
technologytechnology; metals, other ; metals, other 
contaminantscontaminants



Carcinogenic EffectsCarcinogenic Effects

Causal for Causal for lung cancerlung cancer (fulfills (fulfills 
epidemiological criteria for causality)epidemiological criteria for causality)
3 more lung cancers per 10,000 3 more lung cancers per 10,000 
exposed (California EPA unit risk exposed (California EPA unit risk 
factor)factor)
Other cancers probable:Other cancers probable: bladder, liver, bladder, liver, 
blood and lymphatic cancersblood and lymphatic cancers



Other Health Effects Other Health Effects 
from Diesel Exhaustfrom Diesel Exhaust

Increase inIncrease in chronic respiratory chronic respiratory 
symptoms:symptoms:
bronchitis      bronchitis      coughcough
wheezing        wheezing        phlegmphlegm
Decreased lung functionDecreased lung function
Causes allergy, immune,Causes allergy, immune, reproductivereproductive
andand developmental effectsdevelopmental effects



OzoneOzone

Formed in airFormed in air fromfrom HydrocarbonHydrocarbon andand
Nitrogen Oxide Nitrogen Oxide emissionsemissions energized by energized by 
UVUV
State near violation of standard  in State near violation of standard  in 
recent yearsrecent years



OzoneOzone
Deep lung irritantDeep lung irritant (at end of airways and (at end of airways and 
alveoli); causes lung swelling and fluid alveoli); causes lung swelling and fluid 
accumulation, loss of elasticity: harder to accumulation, loss of elasticity: harder to 
breathebreathe
Reduces lung functionReduces lung function: exertion increases : exertion increases 
ventilation and Oventilation and O33 effect; effect; 
Prematurely ages lungPrematurely ages lung

SymptomsSymptoms of cough, throat irritation, SOB, of cough, throat irritation, SOB, 
chest pain, nausea, makes asthma worse;chest pain, nausea, makes asthma worse; ↑↑
hospital admissions; ER visitshospital admissions; ER visits
New asthmaNew asthma and and asthma worseningasthma worsening with with 
exposureexposure



Air PollutionAir Pollution
Makes Beautiful SunsetsMakes Beautiful Sunsets

Impairs VisibilityImpairs Visibility
Hurts Our EcosystemHurts Our Ecosystem

Causes DeathCauses Death
And IllnessAnd Illness


