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Hazardous Air Pollutants 

Hazardous air pollutants (HAPs) are air contaminants, frequently referred to as “air toxics,” that 
are known or suspected to cause serious human health effects or adverse environmental 
effects.1 The Clean Air Act identifies 187 substances as HAPs. Examples include benzene, 
trichloroethylene, mercury, chromium, and dioxin. The “criteria” air pollutants such as ozone 
and particulate matter are excluded from the HAPs list.i  

HAPs are emitted into ambient air from a diverse range of facilities, businesses, and vehicles 
that are grouped into three general categories: major sources, area sources, and mobile 
sources. Major sources typically are large industrial facilities such as chemical manufacturing 
plants, refineries, and waste incinerators. These sources may release air toxics from equipment 
leaks, when materials are transferred from one location to another, or during discharge 
through emission stacks or vents. Area sources typically are smaller stationary facilities such as 
dry cleaners, auto body repair shops, and small manufacturing operations. Though emissions 
from individual area sources often are relatively small, collectively they can be of concern—
particularly where large numbers of sources are located in heavily populated areas. Mobile 
sources include both on-road sources, such as cars, light trucks, large trucks, and buses, and 
non-road sources such as farm and construction equipment, lawn and garden equipment, 
marine engines, aircraft, and locomotives. Some HAPs are also emitted from natural sources 
such as volcanoes. Health effects associated with HAPs include cancer, asthma and other 
respiratory ailments, birth defects, reproductive effects, and neurodevelopmental effects.2-9  

In some cases, health concerns are based on studies of workers exposed to high levels of 
particular HAPs on the job. For example, EPA has determined that HAPs such as benzene; 1,3-
butadiene; chromium; nickel; and vinyl chloride are carcinogenic to humans, based on findings 
in occupational studies.10-14 Similarly, toluene diisocyanate exposure has been associated with 
effects on the lung, and manganese exposure with neurological effects, in occupational 
studies.15,16  

A limited number of HAPs have also been studied in human populations that have been 
exposed in their day-to-day lives. For examples, several studies have reported associations 
between formaldehyde exposure (usually indoors at home or at school) and childhood asthma.3 
In addition, a series of recent studies conducted in New York City reported that children of 
women who were exposed to increased levels of polycyclic aromatic hydrocarbons (PAHs, 
produced when gasoline and other materials are burned) during pregnancy are more likely to 
have experienced adverse effects on neurological development (such as reduced intelligence 
quotient (IQ) or behavioral problems6,7), as well as respiratory effects.17-19 

                                                      
i
 Lead is an exception: it is regulated as a criteria pollutant, and “lead compounds” are included on the list of HAPs. 
Note that criteria pollutants are discussed further in the Criteria Air Pollutants topic. 
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For the majority of HAPs, however, there are no human epidemiological studies, or very few, 
and concern for health effects is based on findings from animal studies. For example, many 
HAPs, such as PAHs,20 acetaldehyde21 and carbon tetrachloride22 are considered likely to be 
carcinogenic to human based primarily on evidence from long-term laboratory animal studies.  

Although many HAPs are of concern due to their potential to cause cancer, a substantial 
number of HAPs lack evidence of cancer—either because the relevant long-term studies have 
not been conducted, or because studies have been conducted and do not indicate carcinogenic 
potential. An example of a HAP that is not associated with cancer is acrolein; there are no 
appropriate human or animal studies with which to assess the carcinogenic potential of 
acrolein. However, acrolein has been identified as a HAP of particular concern for effects other 
than cancer.23,24 Health concerns for acrolein include respiratory effects and irritation of the 
eyes, nose, and throat, based on animal studies and on short-term studies of small groups of 
humans intentionally exposed to high levels of acrolein.25  

EPA relies on both monitoring and modeled data to characterize ambient air concentrations of 
HAPs, and to estimate potential human exposure and risk of adverse health effects associated 
with these toxics. EPA and state monitoring programs do not cover all the places where people 
live in the United States. For this reason, the following indicator relies on modeled data from 
the National Air Toxics Assessment.26 The indicator presents the percentage of children living in 
census tracts with estimated HAP concentrations greater than benchmark comparison levels 
derived from health effects information.  

In addition to their presence in ambient air, many HAPs also have indoor sources, and the 
indoor sources may frequently result in greater exposure than the presence of HAPs in ambient 
air. Sufficient data are not available to develop an indicator considering the combined exposure 
to HAPs from both indoor and outdoor sources; therefore the following indicator considers only 
levels of HAPs in ambient air.ii  

 

                                                      
ii
 Indoor sources of HAPs are further discussed in the Indoor Environments and Contaminants in Schools and Child 

Care Facilities topics, and in several of the biomonitoring topics. 
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Indicator E4: Percentage of children ages 0 to 17 years living in census tracts where 
estimated hazardous air pollutant concentrations were greater than health 
benchmarks in 2005 

 

National Air Toxics Assessment 

EPA’s National Air Toxics Assessment (NATA) provides estimated concentrations of 181 HAPs in 
ambient air for the year 2005. NATA is the most comprehensive resource on potential human 
exposure to and risk of adverse health effects from HAPs in the United States. Monitoring data 
are insufficient to characterize HAP concentrations across the country because of the limited 
number of monitors, and because concentrations of many HAPs may vary considerably within a 
metropolitan area or region.  

Under NATA, EPA develops modeled estimates of ambient concentrations of HAPs using 
estimated emissions data from major, area, onroad mobile, and non-road mobile sources. 
These emissions data are collected and updated periodically, and are maintained in an 
emissions inventory. The original NATA was developed using emissions data for the year 1996. 
Since the initial release, EPA has developed additional estimates of ambient air concentrations 
of HAPs using updated emissions inventories for 1999, 2002, and 2005. NATA’s computer 
modeling approach has the advantage of allowing estimation of HAP concentrations at 
locations throughout the United States, rather than in just those locations that have HAP 
monitors. However, compared with monitoring, the computer model requires estimating 
quantities of HAP emissions, estimating locations of HAP emissions sources, and modeling the 
dispersion of HAPs in the atmosphere after they have been emitted.  

The most recent assessment developed estimated ambient concentrations of 179 air toxics for 
the year 2005. A computer model provided estimates for every census tract in the United 
States. The modeled estimates generally are consistent with the limited set of ambient air 
toxics monitoring data, although at many locations the model estimates for some HAPs are 
lower than measured concentrations.27 The 2005 NATA estimates do not reflect any changes in 
emissions that may have occurred since 2005 due to new regulations, new technologies, 
changes in economic activity, or changes in the vehicle fleet and vehicle miles traveled.  

About the Indicator: Indicator E4 presents estimates of the percentage of children living in census 
tracts with ambient hazardous air pollutant (HAP) concentrations greater than benchmark values 
representing levels of concern for health effects. The HAP concentrations are computer model 
estimates for 2005, representing all identified sources of HAP emissions, including factories and 
motor vehicles. The health benchmarks are based on concerns for cancer and other adverse health 
effects that may be associated with HAP exposure. 
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Health Benchmarks for Hazardous Air Pollutants 

Indicator E4 presents comparisons of modeled concentrations of HAPs in ambient air for 2005 
with three health benchmark concentrations derived from scientific assessments conducted by 
EPA and other environmental agencies.28

 EPA uses the three benchmark risk levels to identify 
HAPs that are of priority concern.29  

Two benchmarks reflect potential cancer risks, at levels of 1-in-100,000 risk and 1-in-10,000 
risk. If a particular hazardous air pollutant is present in ambient air at a 1-in-100,000 benchmark 
concentration, for example, it is estimated that one additional case of cancer would occur in a 
population of 100,000 people exposed for a lifetime. The comparison to the cancer risk 
benchmark incorporates data for all HAPs considered carcinogenic to humans, likely 
carcinogenic to humans, or with suggestive evidence of carcinogenicity. The majority of HAPs 
included in the comparison to the cancer risk benchmarks are considered “carcinogenic to 
humans” or “likely carcinogenic to humans.”30 

The third benchmark concentration corresponds to the level at which exposure to the 
hazardous air pollutant is estimated to be of minimal risk for adverse non-cancer health effects; 
exposures above this benchmark may be associated with adverse health effects such as 
respiratory or neurological effects. Due to variation in human response to HAP exposure and 
uncertainty in the benchmark values, it is not necessarily the case that a person living in a 
location where this benchmark is exceeded will experience adverse effects. It is also possible 
that individuals may experience effects at levels below the benchmark level.  

The health benchmarks are generally derived from laboratory animal studies, although for 
some HAPs they are derived from human epidemiological studies of workers exposed on the 
job. For some HAPs, even the animal studies are very limited and no benchmark has been 
derived. Health benchmarks were available to assess 87 HAPs as cancer-causing agents and 105 
HAPs as agents that cause adverse health effects other than cancer. Some HAPs had 
benchmarks for both cancer and non-cancer health endpoints; a total of 141 air toxics were 
used in calculating the indicator. 

Because they are typically based on studies of adults or mature laboratory animals, the three 
benchmarks generally reflect health risks to adults, rather than potential risks to children or 
risks in adulthood stemming from childhood exposure. Benchmarks for non-cancer effects 
incorporate assumptions that are based on adult respiratory physiology (i.e., breathing rates 
and lung structure); benchmarks for some HAPs would be lower if they were adjusted for 
children’s respiratory physiology.31  

Under a policy adopted in 2005, EPA adjusts risk estimates for certain carcinogens to account 
for increased risks associated with exposures during early life.32 This adjustment has been 
applied to the cancer benchmarks for PAHs, acrylamide, benzidine, and ethyl carbamate. 
Benchmark values for other HAPs that are suspected carcinogens receive no adjustment for 
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potential elevated risks from early-life exposures because they do not meet the criteria of the 
EPA policy or lack sufficient data to support application of the adjustment.  

Further, the benchmarks reflect risks of continuous exposure over the course of a lifetime. 
Potential risks from higher concentrations experienced over a short amount of time (one day, 
one hour, or less) may in some cases trigger immediate responses, such as asthma attacks or 
effects on the central nervous system are not addressed by these benchmarks.  

Finally, the benchmark values for HAP s are uncertain to varying degrees, due to data 
limitations and the lag in time between when new studies become available and the 
completion of updated assessments by EPA and other government agencies.  

Data Presented in the Indicator 

Indicator E4 presents the percentage of children living in census tracts where estimated 2005 
HAP concentrations exceeded benchmark levels for cancer (at levels of 1-in-100,000 risk and 1-
in-10,000 risk) and for other (non-cancer) adverse health effects. The indicator is calculated by 
comparing the estimated HAP concentrations for each U.S. census tract in 2005 to each of the 
benchmark concentrations. Census tracts are geographic areas within U.S. counties that vary in 
size and generally have 1,500 to 8,000 residents, with a typical population of 4,000 residents. 

The comparison to the cancer risk benchmark sums up data for all carcinogenic HAPs. The 
comparison to the benchmark for other adverse health effects considers only individual HAPs; 
that is, a county is considered to exceed this benchmark if the modeled concentration for any 
single HAP exceeds the corresponding non-cancer benchmark for that HAP, but it does not 
consider adverse effects of combinations of HAPs.  

Available information indicates that the NATA estimates of ambient HAP concentrations tend to 
be similar to or lower than actual HAP concentrations.27 To the extent that underestimation 
occurs, the percentage of children living in census tracts exceeding the benchmark levels may 
be understated. In addition, the indicator does not differentiate between census tracts in which 
the benchmarks are exceeded by a large margin and those in which estimated HAP 
concentrations are just above the benchmark concentrations. The indicator presents results 
only for 2005, and does not compare results across assessment years, such as between 1999 
and 2005, because each update of the assessment brings new improvements to methods. For 
example, improvements to the emissions estimation methodologies made in the 2005 
assessment were not applied to the earlier versions, so the ambient concentration estimates 
are not entirely comparable between years. 

Actual exposures may differ from ambient concentrations. Indoor concentrations of HAPs from 
outdoor sources may be slightly lower than ambient concentrations, although they can be 
significantly higher if any indoor sources are present.33-36 Levels of some hazardous pollutants 
may be substantially higher inside cars and school buses,37-39 and those higher levels would 
increase the risks. 
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In addition, this indicator only considers exposures to air toxics that occur by inhalation. For 
many air toxics, dietary exposures are also important. Air toxics that are persistent in the 
environment settle out of the atmosphere onto land and water, and then may accumulate in 
fish and other animals in the food web. For HAPs that are persistent in the environment and 
accumulate significantly in food, exposures through food consumption typically are greater 
than inhalation exposures. HAPs for which food chain exposures are important include mercury, 
dioxins, and PCBs.40-42  

The comparison of ambient HAP concentrations in 2005 to the health benchmarks is not 
equivalent to an estimate of risk to the population from chronic HAP exposure. Actual risks to 
health depend on concentrations of HAPs in many environments over an extended period of 
time. Ambient concentrations will change over time as the mix of sources changes (e.g., due to 
businesses opening and closing), vehicle use changes (e.g., more cars and trucks traveling 
longer distances), and regulatory controls are applied. In addition, children spend most of their 
time indoors at home, at school, or at child care centers, and pollutant concentrations in indoor 
environments may be greater or lesser than the modeled ambient concentrations.  

In addition to the indicator presented in the figure, which is based on where children live, the 
same statistics are calculated based on where children’s schools are located (see data tables). 
Exposures at school are an important consideration, as children spend an average of 33 hours 
per week in school.43 The data tables also provide indicator values by race/ethnicity and 
income, based on where children live. 
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 In 2005, nearly all children lived in census tracts in which HAP concentrations combined to 
exceed the 1-in-100,000 cancer risk benchmark. 

  Seven percent of children lived in census tracts in which HAPs combined to exceed the 1-in-
10,000 cancer risk benchmark. The pollutants that contributed most to this result were 
formaldehyde, benzene, acetaldehyde, carbon tetrachloride, and hexavalent chromium. 
Formaldehyde, benzene, and hexavalent chromium are considered to be carcinogenic to 

Data characterization 
- Data for this indicator are obtained from EPA’s National Air Toxics Assessment computer model predictions 

of hazardous air pollutant (HAP) concentrations in outdoor air.  
- The model produces estimates of HAP concentrations from emissions data for all census tracts in the 

United States (census tracts typically have about 4000 residents each). 
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humans,5,10,13 and acetaldehyde and carbon tetrachloride are considered likely to be 
carcinogenic to humans.21,22  

 Fifty-six percent of children lived in census tracts in which at least one HAP exceeded the 
benchmark for health effects other than cancer. In almost all cases, this result was 
attributable to the pollutant acrolein, which is a respiratory irritant. More than 90% of 
acrolein emissions are from wood-burning fires and mobile sources such as cars, trucks, 
buses, planes, and construction equipment.  

 Exposures to diesel particulate matter from diesel engine emissions are not included in this 
indicator due to uncertainty regarding the appropriate values to use as cancer benchmarks. 
Some studies have found that cancer risks from diesel particulate matter exceed those of 
the HAPs considered in this indicator.44 Although EPA does not endorse any particular 
cancer benchmark value for diesel particulate matter, if the State of California’s benchmark 
for diesel particulate matter were used in this analysis, 73% of children would live in census 
tracts where HAP estimates combined to exceed the 1-in-10,000 cancer risk benchmark. 

 In 2005, all children’s schools were located in census tracts where HAPs concentrations 
combined to exceed the 1-in-100,000 cancer risk benchmark. Six percent of children 
attended schools in census tracts where the HAPs concentrations exceeded the higher 1-in-
10,000 cancer risk benchmark.  

 Fifty-seven percent of children attended schools that were located in census tracts where at 
least one HAP exceeded the benchmark for health effects other than cancer. 
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Table E4: Percentage of children ages 0 to 17 years living in census tracts where estimated hazardous 
air pollutant concentrations were greater than health benchmarks in 2005 

Health Benchmark   
Cancer, one in 100,000 99.9 

Cancer, one in 10,000 6.6 

Other health effects 56.4 

DATA: U.S. Environmental Protection Agency, National Air Toxics Assessment 

Table E4a: Percentage of schoolchildren attending schools in census tracts where estimated hazardous 
air pollutant concentrations were greater than health benchmarks in 2005 

Health Benchmark   
Cancer, one in 100,000 100.0 

Cancer, one in 10,000 6.2 

Other health effects 56.6 

DATA: U.S. Environmental Protection Agency, National Air Toxics Assessment 

Table E4b: Percentage of children ages 0 to 17 years living in census tracts where the cancer risk from 
estimated hazardous air pollutant concentrations was at least one in 10,000 in 2005, by race/ethnicity 
and family income 

Race / Ethnicity All Incomes < Poverty Level ≥ Poverty Level 
All Races/Ethnicities 6.6 9.3 5.9 

White  4.1 6.5 3.7 

Black  7.2 7.4 7.0 

Asian  14.4 21.1 13.5 

American Indian/Alaska Native  4.1 3.5 4.4 

Native Hawaiian or Other Pacific Islander 8.2 9.1 7.8 

Hispanic 16.2 16.9 15.9 

All Other Races† 17.0 19.9 16.0 

DATA: U.S. Environmental Protection Agency, National Air Toxics Assessment 

NOTE: Race categories include children of Hispanic ethnicity. Hispanic children may be of any race. 

† The “All Other Races” category includes all other races not specified, together with those individuals who report more than 
one race. 

Table E4c: Percentage of children ages 0 to 17 years living in census tracts where the non-cancer risk 
from estimated hazardous air pollutant concentrations exceeded health benchmarks in 2005, by 
race/ethnicity and family income 

Race / Ethnicity All Incomes < Poverty Level ≥ Poverty Level 
All Races/Ethnicities 56.4 57.3 56.2 

White  49.3 46.0 50.0 

Black  72.9 71.8 73.5 

Asian  81.4 84.4 81.0 

American Indian/Alaska Native  32.1 28.0 34.2 

Native Hawaiian or Other Pacific Islander 57.2 57.1 57.3 

Hispanic 68.7 63.8 70.8 

All Other Races† 70.3 68.5 71.0 
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DATA: U.S. Environmental Protection Agency, National Air Toxics Assessment 

NOTE: Race categories include children of Hispanic ethnicity. Hispanic children may be of any race. 

† The “All Other Races” category includes all other races not specified, together with those individuals who report more than 
one race. 
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