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Health Impacts of Motor Health Impacts of Motor 
Vehicle Emissions and the Vehicle Emissions and the 
Regulatory Response Regulatory Response 
WorldwideWorldwide

Michael P. WalshMichael P. Walsh
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OverviewOverview
nn Sources of Vehicle EmissionsSources of Vehicle Emissions
nn Serious Health and Other EffectsSerious Health and Other Effects
nn Progress is OccurringProgress is Occurring
nn Continued Effort Will Be NeededContinued Effort Will Be Needed
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Combustion EmissionsCombustion Emissions

nn LeadLead
nn HydrocarbonsHydrocarbons
nn Carbon MonoxideCarbon Monoxide
nn Oxides of Oxides of 

NitrogenNitrogen
nn Carbon DioxideCarbon Dioxide
nn ParticulatesParticulates
nn Other toxic Other toxic 

pollutantspollutants
nn Water VaporWater Vapor

Ambient Air Fuel

Engine/Emission
Technology

4

Other EmissionsOther Emissions

Evaporative Emissions
diurnal, running losses, hot soak

Crankcase Losses
due to "blow-by"

Refueling Losses
displaced vapors

nn Other Other 
EmissionsEmissions

nn brake linings, tire brake linings, tire 
wear, fluid leakswear, fluid leaks
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Ozone Isopleth Plot (EKMA Diagram)Ozone Isopleth Plot (EKMA Diagram)
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Health EffectsHealth Effects

nn Different Pollutants Have Different EffectsDifferent Pollutants Have Different Effects
–– CO CO –– Circulatory System, HeartCirculatory System, Heart
–– Ozone Ozone -- Respiratory System, LungRespiratory System, Lung
–– PM PM –– Lung, Potential Effects on HeartLung, Potential Effects on Heart
–– Diesel, Other Toxics Diesel, Other Toxics –– Cancer, respiratory EffectsCancer, respiratory Effects

nn Potential Effects of MixturesPotential Effects of Mixtures
nn Sensitive PopulationsSensitive Populations
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Ozone Health EffectsOzone Health Effects

Figure 1. Individual Response to Ozone 
Exposure (after Kulle, et al, Am. Rev.)
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nn Some humans have been shown to have reduced lung Some humans have been shown to have reduced lung 
function (measured as FEV1) after exposure to ozonefunction (measured as FEV1) after exposure to ozone
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PM Health EffectsPM Health Effects

nn High levels of PM (e.g. 500 High levels of PM (e.g. 500 µµ/m/m33) known to ) known to 
cause premature deathcause premature death
–– e.g. London 1952e.g. London 1952

nn Recent studies in US, Europe, Asia, South Recent studies in US, Europe, Asia, South 
America have found association of PM with America have found association of PM with 
death at much lower levelsdeath at much lower levels
–– no evidence of a “threshold” (safe level)no evidence of a “threshold” (safe level)

nn To date, a plausible biological mechanism for To date, a plausible biological mechanism for 
these effects has not been definitively these effects has not been definitively 
determineddetermined
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PM PM -- The Epidemiology StudiesThe Epidemiology Studies
nn A Number of Epidemiology StudiesA Number of Epidemiology Studies

nn Europe StudiesEurope Studies Harvard 6 Cities StudyHarvard 6 Cities Study
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PM10 Study in EuropePM10 Study in Europe
(Lancet Medical Journal (Lancet Medical Journal –– September 2, 2000)September 2, 2000)

nn ~6% of all deaths from PM10~6% of all deaths from PM10
nn ~40,000 deaths per year in Austria, France, ~40,000 deaths per year in Austria, France, 

Switzerland; 2 times traffic fatalitiesSwitzerland; 2 times traffic fatalities
nn Motor Vehicles Responsible For ~50%Motor Vehicles Responsible For ~50%
nn People in Cities Die ~18Months Earlier Than They People in Cities Die ~18Months Earlier Than They 

Otherwise WouldOtherwise Would
nn Over 300,000 cases of chronic bronchitis; 500,000 Over 300,000 cases of chronic bronchitis; 500,000 

asthma attacks; 16 million lost person days of activityasthma attacks; 16 million lost person days of activity
nn Health Costs From Traffic Pollution ~1.7% of total Health Costs From Traffic Pollution ~1.7% of total 

GDPGDP



AVECC 2001 Michael P. Walsh

6

11

Diesel Health EffectsDiesel Health Effects
nn Diesel Engines have substantial advantages:Diesel Engines have substantial advantages:

–– higher fuel efficiencyhigher fuel efficiency
–– lower CO and CO2 emissionslower CO and CO2 emissions

nn However, they also emit:However, they also emit:
–– high levels of particulate matter, NOx, and chemicals high levels of particulate matter, NOx, and chemicals 

attached to the particles (e.g. PAHs)attached to the particles (e.g. PAHs)
nn Two major types of health effects have been identified for Two major types of health effects have been identified for 

diesel:diesel:
–– acute effects (e.g. exacerbating asthma)acute effects (e.g. exacerbating asthma)
–– cancer effectscancer effects
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Diesel Effects on Childhood Illness Diesel Effects on Childhood Illness 
(Source: Brunekreef, Netherlands, 1999)(Source: Brunekreef, Netherlands, 1999)

nn Study Design:Study Design:
–– 24 schools, located near freeways with 24 schools, located near freeways with 

varying traffic density (i.e. diesel truck vs. varying traffic density (i.e. diesel truck vs. 
car)car)

–– monitoring of PM2.5, BS, NOmonitoring of PM2.5, BS, NO22, Benzene , Benzene 
indoors and outdoors; EC, PAH and indoors and outdoors; EC, PAH and 
elements (XRF) in selected sampleselements (XRF) in selected samples

–– health measurements in approx. 2,500 health measurements in approx. 2,500 
children (7children (7--12 yrs old)12 yrs old)
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Preliminary ResultsPreliminary Results: Association between : Association between 
truck traffic and symptomstruck traffic and symptoms
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Increased Symptoms comparing High Truck Traffic (>10,000) to 
Low Truck Traffic
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Assessing Diesel Cancer RiskAssessing Diesel Cancer Risk

nn In general, some 30 studies of effects on In general, some 30 studies of effects on 
workers have provided best dataworkers have provided best data

nn Consistent small (20Consistent small (20--40%) increase in  40%) increase in  
lung cancer associated with exposurelung cancer associated with exposure

nn Some questions about each studySome questions about each study
nn It is a challenge to quantify the riskIt is a challenge to quantify the risk
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Studies in Railroad Workers Studies in Railroad Workers HEI,1995HEI,1995
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Air Toxics Health EffectsAir Toxics Health Effects

nn BenzeneBenzene
–– a “known human a “known human 

carcinogen”carcinogen”
–– studies in U.S., and studies in U.S., and 

Chinese workers have Chinese workers have 
shown link between shown link between 
exposure and exposure and 
increased leukemiaincreased leukemia

–– levels of exposure a levels of exposure a 
function of how much function of how much 
benzene in the fuelbenzene in the fuel

nn 1,3 Butadiene1,3 Butadiene
–– a “probable human a “probable human 

carcinogencarcinogen
–– studies in laboratory studies in laboratory 

animals and US and animals and US and 
Czech workers have Czech workers have 
shown effectsshown effects

–– a product of a product of 
combustioncombustion

–– vehicles the major vehicles the major 
environmental sourceenvironmental source
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Air Toxics Health Effects IIAir Toxics Health Effects II

nn AldehydesAldehydes
–– Many different aldehydes Many different aldehydes 

(acetaldehyde, formaldehyde, (acetaldehyde, formaldehyde, 
others)others)

–– emitted from vehicles and emitted from vehicles and 
other sources; also formed in other sources; also formed in 
the airthe air

–– most are probable human most are probable human 
carcinogenscarcinogens

–– also can be nose and also can be nose and 
respiratory irritantsrespiratory irritants

nn MethanolMethanol
–– can be used as can be used as 

alternate fuel, additivealternate fuel, additive
–– fatal at high levels of fatal at high levels of 

ingestioningestion
–– some risk of misusesome risk of misuse
–– does not appear to does not appear to 

have serious health have serious health 
effects at lower inhaled effects at lower inhaled 
levelslevels
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Los Angeles 1955: Los Angeles 1955: 
Unbearable air and no Unbearable air and no 
solutions.solutions.
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Reduction of OzoneReduction of Ozone
in Los Angelesin Los Angeles
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Leaded Gasoline Sales in 2000Leaded Gasoline Sales in 2000

World Countries
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New Vehicle Emissions New Vehicle Emissions 
ControlsControls

Emissions Controls
Light Duty Gasoline Vehicles 2000

No Controls

Engine Modifications

Three Way Catalysts

Tier 1/Euro 1

LEV/Euro 3
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Average Los Angeles Basin Average Los Angeles Basin 
Cancer Risk ApportionmentCancer Risk Apportionment

Diesel PM
71%

1,3 Butadiene
8%

Benzene
7%

Carbonyl
3%

Other
11%
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Global Trends in the Total Vehicle Global Trends in the Total Vehicle 
Population (Excluding Motorcycles)Population (Excluding Motorcycles)
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•• Motor vehicle pollution, a serious cause of lung Motor vehicle pollution, a serious cause of lung 
disease and breathing disorders in  Asian cities;disease and breathing disorders in  Asian cities;

•• In Delhi about 10,000 premature deaths due to air In Delhi about 10,000 premature deaths due to air 
pollution in Delhi and hundreds of thousands of pollution in Delhi and hundreds of thousands of 
cases of respiratory illnesses;   cases of respiratory illnesses;   

•• In Thailand Bangkok has higher incidence of In Thailand Bangkok has higher incidence of 
pollutionpollution--related respiratory diseases related respiratory diseases ----19%, 19%, 
compared to secondary cities with lower air pollution compared to secondary cities with lower air pollution 
levelslevels----8%.8%.

Health Impact of Air Pollution in Health Impact of Air Pollution in 
Asian CitiesAsian Cities
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Light Duty Vehicle NOx Light Duty Vehicle NOx 
Standards (g/km)Standards (g/km)
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Durability Requirements Are Durability Requirements Are 
Increasing (km)Increasing (km)
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Heavy Duty PM Standards Heavy Duty PM Standards 
Around The World (g/kWAround The World (g/kW--hr)hr)
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Diesel Fuel Sulfur Levels Diesel Fuel Sulfur Levels 
DecliningDeclining
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ConclusionsConclusions

nn Vehicle Related Air Pollution Problems Cause Vehicle Related Air Pollution Problems Cause 
Serious Adverse Effects Including Premature Serious Adverse Effects Including Premature 
DeathDeath

nn Pollution Controls on Vehicles & Cleaner Fuels Pollution Controls on Vehicles & Cleaner Fuels 
Have Led To Much Cleaner Air in Many PlacesHave Led To Much Cleaner Air in Many Places

nn Continued Growth Offsetting Some GainsContinued Growth Offsetting Some Gains
nn Even Tighter Controls Being IntroducedEven Tighter Controls Being Introduced
nn Challenge Is To Get State of the Art Controls Challenge Is To Get State of the Art Controls 

Wherever NeededWherever Needed
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http://walshcarlines.comhttp://walshcarlines.com


