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INTRODUCTION  
 
In order to integrate the current knowledge base regarding motor vehicle air pollution emissions into an 
assessment of the potential health effects of air pollution exposure from proximity to high-density traffic, 
we need further data on the complex inter-relationships among vehicle types, traffic conditions, and 
vehicle emission levels. The current on-road U.S. vehicle fleet is composed of a variety of makes and 
models, ranging from motorcycles to heavy-duty trucks. Atmospheric emissions from motor vehicles are 
influenced by ambient conditions, vehicle functional status, driving conditions, and fuel type. These 
emissions consist of gaseous chemicals, semi-volatile liquids, and particulate matter (PM). The wide 
range of vehicle technologies, combined with different operating, traffic, and ambient conditions, results 
in emission profiles that are complex to characterize and difficult to quantify with any certainty. The 
reduction of motor vehicle emissions through technology improvements continues to be an area of active 
research and development, largely due to the adoption of progressively tighter emission standards 
worldwide. Although quantifying vehicular emissions poses logistical and technical challenges, the use of 
inventory modeling shows promise as a tool for estimating and comparing vehicular emissions, as well as 
evaluating the impact of improvements. This section presents the major issues surrounding motor 
vehicular emissions, first in the context of U.S. experience, followed by a global perspective. It 
summarizes gaps in our knowledge base and identifies areas where we can improve public health through 
an accelerated exchange of information. 
 
 
MOTOR VEHICULAR EMISSIONS ISSUES – U.S. CONTEXT 
 
Variability in Fuel and Vehicle Conditions 
Vehicles release exhaust and evaporative emissions. Exhaust (or tailpipe) emissions are measured in 
terms of carbon monoxide (CO), hydrocarbons (HC), and oxides of nitrogen (NOx). Evaporative losses 
consist of HC and CO releases that occur directly from the unburned fuel when the vehicle is in operation, 
at rest on a warm day, or during shutoff. On-road light-duty gasoline vehicles emission profiles are very 
different from heavy-duty diesel fleets. Exhaust emissions from light-duty gasoline vehicles have 
decreased significantly due to improvements in fuel composition and engine technology. Reductions, if 
any, in evaporative emissions are not known due to the lack of in-use evaporative emissions data. 
Emissions of HC and CO from diesel engines are inherently low compared to gasoline engines, while 
NOx and PM emissions are comparatively higher. Evaporative emissions are not a major issue for diesel 
engines due to the low vapor pressure of this fuel compared to gasoline. Fleet turnover and diversification 
of both gasoline- and diesel-fueled vehicles is expected to continue emissions reduction.  
 
Multiple Factors That Influence Vehicular Emissions 
On-road traffic includes vehicles that function as intended and those that require maintenance. Several 
external factors influence emissions from properly functioning vehicles, including driving cycle, ambient 
conditions, fuel, and lubricant type. Intrinsic factors include vehicle maintenance, especially for high-
emission diesel and gasoline vehicles. Effects of the driving cycle include emissions during off-cycle 
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driving modes, i.e., under conditions that differ from those used to test vehicles in accordance with the 
Federal Test Protocol (FTP). Effects of ambient conditions primarily refer to the cold start, i.e., with the 
engine starting at low ambient temperatures. Fuel and lubricant type refers to the chemical composition 
and associated properties that affect production and release of atmospheric emissions. Poorly maintained 
vehicles and tampered emission control systems make potentially significant contributions to overall 
emissions. Each of these factors is discussed below. 
 
Ambient conditions, especially variations in temperature and humidity, affect emission rates. For gasoline 
vehicles, the biggest factor is the cold start, when the engine is at ambient temperatures. A large emissions 
spike at the outset is followed by minimal emissions thereafter. Low ambient temperatures increase the 
time it takes the oxidation catalyst to activate, effecting greater emissions of CO, HC, and PM from 
gasoline vehicles. High temperatures augment emissions in two ways. First, they increase air conditioning 
requirements. Under these high load conditions, engine and exhaust temperatures reach levels that 
damage the catalyst and engine, which in turn, increase exhaust emissions (Welstand et al., 2003). 
Second, they increase evaporative emissions for gasoline-fueled vehicles. Relative humidity affects NOx 
emissions. Solar load increases air conditioning use. Atmospheric pressure has less impact on functional 
gasoline vehicles and more on diesel-fueled vehicles. Data on all these effects is limited. 
 
Fuel composition, e.g., oxygenates and sulfur, significantly influences exhaust emissions. Areas out of 
compliance with air quality standards are required to use reformulated and/or oxygenated fuels to reduce 
emissions. Although these additives reduce overall emissions, the combustion gas composition changes, 
and the net impact of those changes is not known. Fuel sulfur poisons the catalyst and diminishes its 
effectiveness. Reducing sulfur increases catalyst performance and reduces emissions. In addition, since a 
small percentage of the sulfur is oxidized to sulfate, sulfur reduction is directly proportional to PM 
reduction. Sulfur reductions also prevent poisoning of the PM and NOx control devices. Fuel composition 
also affects resting loss emissions (permeation effects) and evaporative emissions (controlled by fuel 
volatility). The consequence of using alternative fuels, including liquefied gases, alcohols, and biodiesel 
are not fully understood. 
 
Emissions are a strong function of the driving mode, i.e., how a vehicle is operated. In some off-cycle 
modes of operation, i.e., outside the range of driving conditions specified by test protocols, exhaust 
emissions increase substantially. For gasoline-fueled engines, CO and HC emissions increase under high-
load conditions, when elevated engine and exhaust temperatures damage catalyst performance. For diesel-
fueled engines, NOx and PM emissions for heavy-duty trucks indicate significant concentration spikes in 
the transient portion of the cycle. Relatively little chassis dynamometer testing has been performed on 
diesel trucks. 
 
Lapses in vehicle maintenance and tampering of emission controls systems result in large emission 
increases. For example, emissions from a modern gasoline vehicle can change from essentially zero 
during stabilized driving to levels in excess of 200 g/mi CO and 20 g/mi HC without emission control 
systems. A relatively small number of high-emitting vehicles can have a major impact on fleet emissions. 
Identifying numbers, driving activity patterns, and emission rates of such vehicles is difficult. Many do 
not participate in volunteer emissions test, and random vehicle test data is limited. Remote sensing 
techniques provide the best high emitter data sets at this time. 
 
Limitations of Emissions Estimation Methods 
Historical light-duty gasoline vehicle emission standards, as shown in Figure 1, are based on the urban 
dynamometer driving cycle (UDDC) of the FTP. The FTP is a standardized framework for measuring 
emissions under prescribed driving conditions. Unfortunately, it is based on a driving cycle that represents 
Los Angeles driving in the 1960s,  
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with an average speed of 19.6 mph, a maximum speed of 56.7 mph, and acceleration limits of 3.3 
mph/second. Information on current standards and driving cycles has been developed to provide a more 
updated representation of driving conditions and vehicle emissions.  
 
Remote sensing methods provide a real-time estimate of combustion product emissions by shining a beam 
of light across the road, at the height of the exhaust plume. The ratios of HC, CO and NOx to the CO2 
provide relative fuel-based speciation. This test is performed for passing vehicles, preferably at locations 
that avoid vehicles in transient emission modes (e.g., cold start). A benefit of this method is its ability to 
collect measurements of thousands of vehicles per day and provide a representative measure of the on-
road fleet emissions for that location. With a few days of data, it can obtain a distribution of the high 
emitters. However, one limitation of this technique is that it relies on one second of real-time data to 
characterize vehicular emissions. At a freeway ramp site in Denver, Colorado in 2000, remote sensing 
data was used to determine the distribution of fleet vehicles and estimate the impact of high emitters. The 
data showed that 6% of the fleet was responsible for 50% of the CO emissions. At this location, the 
number of high emitters is decreasing over time, with an overall reduction in total emissions (Pokharel et 
al., 2003). 
 
Data on in-use heavy-duty diesel vehicle emissions is sparse. Although PM emissions have decreased 
over time, NOx emissions do not exhibit similar trends. It is not clear whether the few high emitters found 
in limited data sets are due to a lack of vehicle recruitment, an actual scarcity of high emitters, or chance. 
Unaccounted differences in activity patterns (e.g., weekday vs. weekend) between heavy-duty and light-
duty vehicles may further diminish the validity of emissions estimates. 
 
The mobile source air toxics database provides reasonable emissions data for the FTP. It includes data on 
benzene, 1,3-butadiene, formaldehyde, and acetaldehyde for properly functioning vehicles. However, 
since integrated rather than real-time measurement methods have been used, these emissions data are not 
useful for modal emission modeling. One major assumption is that these species are proportional to 
exhaust HC emissions. Fuel effects are not considered, particularly the impact of oxygenates on 
aldehydes, higher aromatic content on total benzene, and higher molecular weight compounds on 
polycyclic aromatic compound emissions. Air toxics data in its current form is extremely limited as a 
vehicular emissions inventory tool.  
 
Modeling across a range of geographic scales appears to be the preferred methodology to estimate 
vehicular emissions inventory. The U.S. Environmental Protection Agency’s (USEPA) national inventory 
model MOBILE6 and California model EMFAC can perform county and national level modeling, but are 
not suitable for microscale modeling. Research modal emission models are available, but their outputs are 
limited by the available input data. The MOVES model, commissioned by USEPA, is envisioned to 
include microscale to macroscale modeling capability. It relies on the collection of large amounts of in-
use data using two portable measurement systems for emission (PEMS) and activity (PAMS). Currently, 
PEMS is limited to regulated pollutants, and the addition of PM is a priority. A variety of research modal 
emissions models are available. MOVES will be released stepwise, with the first greenhouse gas version 
due in 2004. Criteria pollutants will be included in 2005. Additional information on modeling motor 
vehicle emissions is available at http://www.epa.gov/otaq/ngm.htm. 
 
Resolving Discrepancies and Reducing Vehicular Emissions 
Quantifying the in-use exhaust PM from high-emitting, light-duty gasoline vehicles is an area of active 
research. Exhaust PM emission rates from properly-functioning vehicles are generally on the order of 1 
mg/mi. Increased oil consumption or fuel-rich operations increase PM levels, with high emitters 
averaging around 400-500 mg/mi (Cadle et al., 1997). A Denver study found that gasoline vehicles were 
the major PM source (Watson et al., 1998), while studies in Los Angeles conclude that diesel vehicles 



  4 

accounted for the majority of PM emissions (Schauer et al., 1996). USEPA is commissioning a study to 
address the issue of in-use fleet exhaust PM source characterization. 
 
The production of nanoparticles is also under investigation for both diesel- and gasoline-fueled vehicles. 
These emissions contribute little to the total mass, dominate the particle number, and result in particle size 
distributions that are extremely sensitive to exhaust cooling and dilution methods. Mechanisms that 
generate large numbers of these small particles are being studied in the laboratory, but have not yet been 
scaled up to actual atmospheric conditions. 
 
 
EMERGING MVE STANDARDS AND TECHNOLOGIES – GLOBAL CONTEXT 
 
Emissions Reductions through Standards 
In recognition of the need to reduce vehicular emissions, many regions of the world have significantly 
tightened their motor vehicle and fuels regulations. In the U.S., California leads the effort in pursuit of 
zero or near zero emissions light-duty vehicles. The new vehicle emissions control programs of Europe, 
Japan, and U.S. are summarized in Figures 2 and 3 for light- and heavy-duty vehicles, respectively. 
Substantial emissions reductions are occurring from new vehicle use. NOx standards for passenger cars 
will reduce further by 2005. The shift to very low-sulfur gasoline is a key element in support of this 
move. However, each region uses different procedures to quantify emissions. The lack of standardized 
test methods worldwide makes it difficult to compare performance and progress. 
 
For diesel-fueled passenger vehicles, Europe and Japan maintain substantially weaker NOx requirements 
than for gasoline-fueled vehicles, unlike U.S. standards. Also, the diesel car particulate requirements in 
Europe are substantially more lenient than in the U.S. Only the heavier diesel cars require PM filters. 
Smaller cars that generate large numbers of ultrafine particles are compliant with the absence of filters. 
There is marked progress in reducing heavy-duty vehicle and engine emissions through truck pollution 
controls and post-combustion technology. However, as Figure 3 illustrates, again the U.S. is leaning to 
more stringent NOx standards than both Europe and Japan. 
 
The transition to low-sulfur diesel fuel is a necessary prerequisite for emission reduction to allow the use 
of advanced control technologies. Figure 4 shows how low-sulfur fuel use is spreading worldwide. 
Similar vehicle and fuel requirements are being phased in by other developing countries, including South 
Korea, Taiwan, Hong Kong, the Philippines, Brazil, Mexico, and Chile, among others. 
 
Supplemental Emissions Reduction Efforts 
Two additional efforts that are underway to lower total emissions from the transportation sector include 
greenhouse gas emission reduction, and heavy-duty truck and bus retrofit programs. The United States, 
Western Europe, and Japan are addressing the common objective of improving fuel efficiency to reduce 
greenhouse gas emissions using very different approaches. In the 1970s and 1980s, the U.S. government 
focused on the Corporate Average Fuel Economy (CAFÉ) standards, and more recently, emphasized 
shared research and development and tax incentives for high-efficiency vehicles. Europe has accepted a 
voluntary agreement from car manufacturers, and Japan has established a series of weight-class fuel 
economy standards that require performance improvement. All three regions expect a 25-33% reduction 
in greenhouse gas emissions. Active heavy-duty retrofit programs are presently underway in several 
countries, including Sweden, Japan, London, Germany, Switzerland, Hong Kong, the U.S., and India, 
among others. The retrofit of existing bus and truck fleets include combinations of PM filters and/or 
oxidation catalysts. In the U.S., EPA has targeted 100,000 units and California is planning up to one 
million retrofits. The Tokyo Metropolitan government anticipates that more than 40,000 vehicles will be 
retrofitted, and surrounding areas will follow Tokyo’s lead. Hong Kong is subsidizing 40,000 oxidation 
catalyst retrofits. 
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Emerging Vehicle and Engine Technologies 
The newest gasoline-fueled vehicles, designed to meet stricter emission standards, are approaching very 
high-efficiency operation as precise electronic control of air, fuel, and spark management systems 
continue to advance. Improved catalyst formulations allow for efficient conversion of CO and HC during 
fuel-rich periods of operation. Regulations are stipulating over 98% HC control, even towards the end of a 
vehicle’s lifetime, defined as 100,000 km in Europe, and over 100,000 miles in the U.S. Two notable 
technologies include NOx storage traps and gasoline-electric hybrid vehicles. 
 
NOx storage traps refer to after-treatment technology for the control of NOx emissions in gasoline 
vehicles. With an increased pressure to increase fuel economy, the development of lean-burn engines 
provide an automatic benefit for CO and HC control, but an added challenge related to NOx production in 
an oxygen-rich environment. Since combustion temperatures can be more easily controlled in gasoline 
engines than in diesel engines, NOx storage traps demonstrate over 90% efficiency in storage and 
conversion of NOx, using controlled release of NO2 for oxidation of CO and HC during transient fuel-rich 
conditions. 
 
Hybrid vehicles can be powered by gasoline or electricity, with the major advantage that the combustion 
engine can be turned off during major segments of urban driving. This results in truly zero tailpipe 
emissions under those conditions. Japanese manufacturers first introduced these hybrid vehicles into the 
marketplace, and other manufacturers have followed suit.  
 
Diesel-fueled vehicles offer various performance advantages, including 70% fuel usage compared to 
gasoline, reduction in CO2 emissions per mile, low CO and HC, and low volatility, which virtually 
eliminates evaporative HC emissions. Average CO emissions from in-use diesel vehicles are an order of 
magnitude less, and total HC emissions are nearly one-third those of their gasoline counterparts. 
However, the primary concerns for diesel-powered engines remain NOx and PM emissions. With tighter 
standards, major changes in diesel technologies will include improvements in the fuel combustion system 
and in the after-treatment emission control devices.  
 
Advanced technologies in the diesel fuel combustion system include combustion optimization, improved 
fuel injection, turbocharger geometry, and charge compression ignition conditions. After-treatment 
control devices diesel particulate filters, oxidation catalysts, selective catalytic reduction, NOx adsorbers, 
and exhaust gas recirculation, a process that allows a portion of the exhaust gases to modify the 
combustion process. Upcoming regulations will require integrated systems for both NOx and PM control. 
The pollution control systems needed to meet these regulations will necessitate the use of low-sulfur 
diesel fuels. One Japanese manufacturer has introduced a system that incorporates the NOx adsorber 
material into the particulate filter to reduce NOx, PM, HC, and CO emissions concurrently by more than 
80%. The system also includes a fuel injection nozzle in the exhaust port to create a reducing environment 
for conversion of NOx to N2. Other integrated systems are in various stages of development. 
 
 
PRIORITY AREAS TO ADDRESS 
 
Major gaps in the current knowledge base around motor vehicle emissions can be summarized in terms of 
four priority topics: high emitters, inventory estimates, testing procedures, and fuel formulations. Each of 
these is summarized below. 
 
Timely and accurate identification of high emitters is critical so that those fleet vehicles can be removed 
from road use for repair, retrofit, or replacement. However, it is unclear who will bear the associated cost. 
Enforcing compliance by the individual vehicle owner will only be possible if civil penalties exceed the 
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costs of mitigation. The vehicle manufacturer and fuel provider may point the finger at the owner for poor 
maintenance practices. Incentives will be necessary to recruit the high emitters and effect change. 
 
The emissions inventory data needs greatly exceed what is presently available to the scientific and policy-
making communities. The development and implementation of PEMS and PAMS emissions models will 
help fill in inventory and vehicle activity data needs. The diversity of vehicle types and factors that 
influence their emissions greatly complicates on-road emissions prediction. Since PM and air toxics data 
bases are limited in their capability to provide real-time data needed for modal models, other methods are 
needed to integrate traffic information with atmospheric conditions.  
 
The absence of standardized emissions test procedures makes global comparisons very difficult. Western 
Europe and Japan are making significant strides in emissions reduction and standard setting. Vehicle 
performance test methods (e.g., FTP) in the U.S. are outdated. In order to make meaningful comparisons 
of technology improvements, a common basis for testing is necessary worldwide.  
 
Emerging fuel technologies are encouraging, but may also bring unanticipated consequences and risks. 
With more stringent emissions standards and technologies developed to comply with greenhouse gas 
reduction and “conventional” pollutants, changes in fuel formulation may lead to increases in other, 
possibly more hazardous pollutants. Human health risks could be increased by use of new fuels, e.g., 
biodiesels. These need to be examined by the scientific community for their impact on the health and 
safety of the general population.  
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Figure 1.  Light-Duty Gasoline Emission Rate Standards 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Source: Cadle, S. 2004. On-Road Motor Vehicle Emissions Research. Workshop on Traffic, Health, and 
Infrastructure Planning workshop document. 
 
 
Figure 2. Light-Duty Vehicle Emissions Standards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Walsh, M. 2004. Motor Vehicle Emissions: Current Requirements and Implications of Emerging 
Technologies. Workshop on Traffic, Health, and Infrastructure Planning workshop document. 



  8 

Figure 3. Heavy Duty Vehicle Emissions Standards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Source: Walsh, M. 2004. Motor Vehicle Emissions: Current Requirements and Implications of Emerging 
Technologies. Workshop on Traffic, Health, and Infrastructure Planning workshop document. 
 
 
Figure 4: Low Sulfur Fuel Requirements Worldwide 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Walsh, M. 2004. Motor Vehicle Emissions: Current Requirements and Implications of Emerging 
Technologies. Workshop on Traffic, Health, and Infrastructure Planning workshop document. 


