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Health Effects of Diesel Exhaust Particulate Matter 
 
Diesel engines emit a complex mixture of air pollutants, composed of gaseous and solid 
material. The visible emissions in diesel exhaust are known as particulate matter or PM, 
which includes carbon particles or "soot." Diesel exhaust also contains a variety of 
harmful gases and over 40 other known cancer-causing substances. In 1998, California 
identified diesel PM as a toxic air contaminant based on its potential to cause cancer, 
premature death, and other health problems. Those most vulnerable are children whose 
lungs are still developing and the elderly who may have other serious health problems. 
Each year in California, diesel PM contributes to 2000 premature deaths and thousands 
of hospital admissions, asthma attacks and other respiratory symptoms, and lost 
workdays. Overall, diesel engine emissions are responsible for the majority of 
California's known cancer risk from outdoor air pollutants. In addition, diesel soot 
causes visibility reduction and is a potent greenhouse agent involved in global warming. 
 

Summary of the Health and Environmental Effects 
of Diesel PM Exposure for California* 

 
 Premature deaths (2000 per year) 
 Lung cancer (250 per year) 
 Decreased lung function in children 
 Chronic bronchitis 
 Increased respiratory and cardiovascular hospitalizations 
 Aggravated asthma 
 Increased respiratory symptoms 
 Lost workdays 
 Reduction in visibility (10 to 75% of total) 
 Global warming (2nd to carbon dioxide) 

 
*Except for lung cancer, the health effects are based on the assumption that diesel 
exhaust PM is approximately as toxic as the general ambient PM mixture. 
 
Diesel Particulate Matter (PM) Contributes to Premature Death 
PM is a contributing factor to premature death from heart and/or lung diseases, based 
on studies of over 500,000 people (Pope et al., 1995, 2002), and independently verified 
with a reanalysis requested by industry and the U.S. Congress (Krewski et al., 2001). 
Average life expectancy was reduced by about 1.5 years, comparing the cities with 
highest and lowest high PM levels (Brunekreef, 1997). This translates to a loss of about 
14 years of life for people who died from diseases associated with PM exposure 
(USEPA, 1999). These studies serve as the basis for PM air quality standards by ARB, 
U.S. EPA, the World Health Organization guidelines for Europe, and other countries. 
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Very few studies have investigated the responses of human subjects specifically 
exposed to diesel PM, and none of the available epidemiologic studies have measured 
the diesel PM content of the outdoor pollution mix. However, the extensive animal 
toxicology literature on the health impacts of diesel exhaust PM leads to the conclusion 
that diesel exhaust PM is at least as toxic as the general ambient PM mixture. ARB has 
made quantitative estimates of the public health impacts of diesel exhaust PM based on 
this equivalency assumption. We estimate that current Statewide levels of diesel PM 
contribute to 2,000 deaths (range: 970 to 3,000) annually, and that PM formed from 
diesel engine emissions of oxides of nitrogen (NOX) contributes to an additional 900 
deaths (range: 440 to 1,400) annually (Lloyd and Cackette, 2001). 
 
Specific studies that link motor vehicle-related PM exposure to premature death include: 
• Elderly people living near major roads had almost twice the risk of dying from 

cardiopulmonary causes (Hoek et al., 2000). 
• PM from motor vehicles was linked to increased mortality (Tsai et al., 2000). 
• Fine PM (PM2.5) from mobile sources accounted for three times the mortality as did 

PM2.5 from coal combustion sources (Laden et al., 2000). 
 
PM Contributes to Illness 
PM is also a contributing factor to hospital admissions and emergency room visits for 
cardiopulmonary causes (Pope, 1989; Schwartz et al., 2003; Sheppard, 2003; Zanobetti 
and Schwartz, 2003), asthma exacerbation (Whittemore and Korn, 1980), and lost work 
days (Ostro, 1987). We estimate thousands of hospital admissions for cardiopulmonary 
causes, emergency room visits, asthma attacks, and millions of lost work days each 
year in California due to PM (CARB, 2002). At least 10% of these impacts (see below) 
are related to diesel PM. In addition, preliminary evidence suggests that diesel PM 
exposure may facilitate development of new allergies (Diaz-Sanchez et al., 1999; 
Kleinman et al., 2005). By age 18, children exposed to higher levels of PM2.5, NOX, 
acid vapor, and elemental carbon (all products of fossil fuel combustion, especially 
diesel) are five times more likely (7.9% versus 1.6%) to have underdeveloped lungs 
(80% of normal, equivalent to 40-year olds) compared to teenagers living in 
communities with lower pollutant levels, and will likely never recover (Gauderman et al., 
2004). 
 
In addition, several “intervention” studies report significant reduction in the number of 
adverse health impacts following either removal or reduction of a PM emission source. 
For example, the Southern California Children's Health Study reported improved lung 
function growth rates for young children who relocated from a high PM area to a lower 
PM area (Avol et al., 2001). 
 
Diesel PM is a Significant Component of PM 
There is no unique marker for diesel PM, so directly measuring outdoor levels is difficult. 
However, we have estimated that the average Statewide exposure to diesel PM in 2000 
is 1.8 µg/m3 (CARB, 1998). Thus, using an average Statewide PM2.5 exposure of 18.5 
µg/m3 (CARB, 2002), diesel PM makes up about 10% of total PM2.5. 
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Calculations performed for an air pollution episode in Southern California show that NOX 
emitted from diesel engines could account for a significant fraction of the PM2.5 
measured at inland locations. When both these diesel contributions are considered, the 
diesel PM contribution could increase to an upper limit of 40% during a severe PM2.5 
episode (Mysliwiec and Kleeman, 2002). 
 
Diesel PM is Emitted in Urban Areas Resulting in High Exposure 
Many diesel emission sources are concentrated near densely populated areas such as 
ports, rail yards, and heavily traveled roadways. Thus, on average, every ton of diesel 
emissions in populated areas leads to higher exposures and greater health 
consequences than emission sources that are further removed from population centers. 
This point is illustrated by in-vehicle exposure studies conducted in California. Even 
though Californians average about 6% of their time on roadways, 30 to 55% of diesel 
PM exposures occurs in vehicles (Fruin et al., 2004). Moreover, self-pollution (i.e., 
pollution from the vehicle itself) has been observed on every school bus tested in 
California, regardless of the age of the bus. The cumulative exhaust inhaled by the 40 
or so kids on a self-polluting bus is comparable to, or in many cases larger than, the 
cumulative amount inhaled by all the other people in the South Coast Air Basin 
(Marshall and Behrentz, 2005). 
 
Diesel PM Deposits in the Lung and Components can be Absorbed in the Body 
The majority of diesel PM is less than 1 µm in diameter (1/70th the diameter of a human 
hair). In general, particles 10 µm or less in diameter can be inhaled into the lungs (U.S. 
EPA, 2004). Not all inhaled particles deposit in the lung, and many are exhaled. 
Particles about 0.5 µm in diameter are minimally deposited in the airways, with higher 
deposition rates for particles both smaller and larger than 0.5 µm in diameter, 
Chemicals adsorbed on particles can dissolve in the fluid lining the airways, and then be 
absorbed into the body. Insoluble particles are cleared by more complex mechanisms. 
 
Diesel PM Contains Compounds Known to Damage DNA and Cause Cancer 
Diesel PM contains toxic chemicals including compounds that are known to cause 
damage to genetic material (DNA) and are considered to cause cancer. For example, 
one class of compounds typically present on diesel PM is polycyclic aromatic 
hydrocarbons, or PAHs. Some PAHs have been classified as probable human 
carcinogens by the U.S. EPA and by the International Agency for Research on Cancer 
(IARC, 1989), a World Health Organization group. These compounds have also been 
shown to damage DNA and also be absorbed into the bloodstream after diesel PM 
exposure, and are therefore considered to be available to damage cells in tissues such 
as the lung (U.S. EPA, 2002). Benzene, the first toxic air contaminant listed by the 
State, and a known human cancer causing agent for leukemia, has been reported not 
only in the gaseous phase of diesel exhaust, but also is present on diesel PM itself 
(U.S. EPA, 2002). Other cancer causing compounds such as formaldehyde, 
acetaldehyde, acrolein, and 1,3-butadiene are present in diesel exhaust (IARC, 1989; 
U.S. EPA, 2002) primarily in the gas phase. Diesel exhaust is also considered to pose a 
respiratory hazard to humans based on extensive studies that show that inflammation is 
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present in many animals exposed to diesel exhaust (U.S. EPA, 2002). Diesel exhaust is 
a complex mixture of toxic chemicals, many of which remain unidentified. 
 
In addition to the health effects outlined above, it is estimated that exposure to diesel 
PM causes about 250 excess cancer cases per year in California (CARB, 2000). Over 
30 human epidemiologic studies have investigated the potential carcinogenicity of diesel 
exhaust. These studies, on average, found that long-term occupational exposures to 
diesel exhaust were associated with a 40% increase in the relative risk of lung cancer 
(SRP, 1998). Other organizations have evaluated the carcinogenicity of diesel exhaust. 
For example, IARC (1989) concluded that diesel engine exhaust is a probable human 
carcinogen, and based on these IARC findings, the State of California under the Safe 
Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) identified diesel 
exhaust as a chemical known to the State to cause cancer. The U.S. EPA (2002) 
similarly concluded that diesel exhaust be considered a “probable” human carcinogen 
by inhalation exposure. 
 
The Value of the Health Benefits of Reducing Diesel PM Exceed the Control Costs 
Air pollution has a serious impact on the State’s economy. The value of premature 
deaths resulting from exposure to direct diesel PM is estimated to be $16 billion per 
year (CARB, 2002; U.S. EPA. 1999). Further, an annual value of over $3.5 billion is 
associated with hospitalizations, the treatment of major and minor illnesses, and lost 
workdays each year (CARB, 2002; U.S. EPA. 1999).  ARB diesel PM control measures 
provide health benefits (by avoiding premature deaths, hospitalizations, etc.) that 
exceed the cost of control. The ratio of benefits to costs for recently adopted measures 
range from 3 to 80 (CARB, 2003a, 2003b, 2003c, 2004a, 2004b, 2004c).  Also, the U.S. 
EPA recently reported a ratio of 30 for off-road diesel vehicles (U.S. EPA, 2003). 
 
Diesel PM Causes Visibility Reduction 
The impact of diesel PM on visibility occurs at a wide range of scales, from large scale 
impacts, such as near-continental regional haze, to the small-scale impacts that occur 
from an individual vehicle’s exhaust plume. Diesels constitute only about 5% of road 
vehicles; however, they could contribute from 10% to 75% of visibility degradation in 
urban areas, depending on surrounding source characteristics (Eldering and Cass, 
1996). The peculiar composition of “conventional” diesel exhaust gives it an ability to 
reduce visibility nearly double that of most other particle sources. The net result is that 
the visibility impacts of the existing diesel fleet, though variable in time and location, are 
consistently far greater than their proportional fraction of vehicle mileage, and it is 
anticipated significant visibility benefits will accompany future reductions in diesel PM 
and NOX emissions (Kleeman et al., 2001). 
 
Diesel PM is a Potent Global Warming Agent 
PM is an important component of the earth’s climate system. Diesel engines emit soot, 
or black carbon particles which then become airborne. Diesel is responsible for more 
than half of black carbon emissions in the U.S. (Battye et al., 2002), and about 30% 
globally (Bond et al., 2004). Black carbon is a strong absorber of solar radiation. 
Scientists have known for many years that when black carbon particles combine with 
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dust and chemicals in air they become more efficient in absorbing solar radiation. These 
black carbon mixtures may be the second biggest contributor to global warming – about 
60% of the global warming effects of carbon dioxide (Roberts and Jones, 2004). 
 
Research on Diesel PM Health Effects 
Several recent research publications have added to concerns regarding adverse health 
effects from exposure to diesel exhaust.  First, a study of railroad workers employed 
between 1959 and 1996 found that lung cancer mortality was elevated in jobs 
associated with work on trains powered by diesel locomotives, suggesting that diesel 
exhaust contributed to lung cancer mortality in this study group. However, lung cancer 
mortality did not increase with increasing years of work in these jobs (Garshick and 
Laden, 2004). 
 
A second study investigated transient exposures to diesel exhaust and their effects on 
cardiovascular function.  Previous studies found a link between traffic-related pollution 
and cardiovascular effects, such as acute myocardial infarction (heart attacks).  Mills 
and colleagues (2005) exposed 30 healthy men to diluted diesel exhaust in exposure 
chambers.  The investigators found that inhalation of diesel exhaust at the levels found 
in urban environments impaired two important aspects of vascular function in humans:  
the regulation of vascular tone and endogenous fibrinolysis. This finding provides a 
potential mechanism that links air pollution to heart disease including heart attacks.  
(Mills et al., 2005) 
 
The ARB has conducted a number of studies on the emissions from heavy-duty diesel 
engines.  In one set of studies, toxic pollutant emissions were measured from an in-use 
1998 model year diesel transit bus equipped with either an oxidative muffler or a 
catalyzed particulate filter (DPF) (Ayala et al., 2002; Kado et al., 2005).  The emission 
rates of the measured PM-associated toxic compounds (micrograms per mile) were 
much lower for the DPF-equipped engine compared to the emission rate from the same 
diesel engine equipped with the oxidative muffler.  The genetic toxicity of the emissions 
was similar in the two configurations above, both fueled with low sulfur diesel fuel, and 
depending on the test cycle used. In another related study, the toxicity for a similar 
engine (1998 model year), but with no aftertreatment (tested with CARB fuel) or with 
DPF (tested with low or ultraflow sulfur fuel) was determined (Kado and Kuzmicky, 
2003). This was part of a larger multi-investigator project (Lev-On, et al. 2002).  The 
highest relative toxicity was observed with the CARB-fueled diesel with no after-
treatment, followed by the low sulfur fuel (in the diesel without after-treatment), followed 
by the low and ultralow sulfur diesel-fueled vehicles equipped with DPF.  
 
Currently, a multi-disciplinary cooperative research effort to characterize and evaluate 
the health effects of advanced diesel engine systems and fuels is currently being 
developed by the Health Effects Institute (HEI) and the Coordinating Research Council 
(CRC). The Program entitled the “Advanced Collaborative Emissions Study” (ACES) is 
an eight-year, multi-million dollar research project for evaluating the health effects of 
new 2007 and 2010 engine emissions and is sponsored by several entities. Central to 
the health effects evaluation will be a chronic animal inhalation study initially modeled 
after the National Toxicology Program bioassay analyses. The bioassay is conducted 
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using two rodent species exposed over their lifetime to engine emissions, and they will 
be evaluated for carcinogenicity and for non-cancer endpoints. The engine emissions 
will also be chemically characterized in detail for toxic and criteria air pollutants. 
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