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Hazardous Air Pollutants: Inside and Out

The Total Exposure Assessment Methodology (TEAM) Study, the National
Human Exposure Assessment Surveys (NHEXAS), and the Cumulative Expo-
sure Project (CEP) are titles of US Environmental Protection Agency (EPA)
projects designed to measure or model complete, total human exposure to air
pollutants in the pathways of ingestion, inhalation, or absorption to assess
public health risks.1–3 Most researchers are aware that constraints such as fund-
ing, subject or data availability, and analytical techniques or sampling times may
restrict projects and that regulatory programs impose even more restraints. But
in total cumulative exposure studies researchers should try to align project
designs with the expansive goals for at least one route of exposure.

One of the first projects under the EPA CEP modeled hazardous air pollut-
ants to estimate concentrations of each pollutant across the United States and
to assess the impacts of these air toxins at the local census tract level.4 Design
parameters restricted the study to choosing the 189 air pollutants listed in
Section 112 of the 1990 Clean Air Act and to using 1990 as the base year to
collect emissions data. The modeling results were used in estimating the health
risks from the hazardous air pollutants by comparing health benchmark con-
centrations to the modeled concentrations. The conclusions, although prob-
lematic with the use of existing data, were stunning: in more than 90% of the
census tracts, concentrations of benzene, formaldehyde, and 1,3 butadiene
exceeded the cancer health benchmark.4,5 In “Evaluating the Health Significance
of Hazardous Air Pollutants Using Monitoring Data” by Amy Kyle, PhD, MPH,
et al., the authors used this modeling information to explore the completeness
of air monitoring data and concluded that methods for assessing the public
health impact of air pollutants are very rudimentary. They outline a list of
recommendations for improvement.6

As ambitious and startling as these conclusions are for the CEP, they only
provide information on the concentrations of the hazardous air pollutants
outdoors. The levels of pollutants indoors were not addressed in these evalua-
tions of air toxins. The authors of the cited paper do note that in many cases
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the outdoor air establishes the lower limits for indoor
air concentrations.6 Indoor air generally contains the
outdoor air pollutants plus all that are generated in-
side from occupants and their activities, as well as
those emitted from the fabric of the building and its
furnishings.7

Indoor air in houses is not the only scenario to
consider if a more comprehensive approach to pre-
senting the total human exposure to hazardous air
pollutants is to be achieved. If 90% of our time is
spent indoors, then an estimated 25% of that time is
spent in the workplace.8 So, workplace exposures
should be included to provide a comprehensive adult

exposure level, since more than 64% of adults are
employed.9

Table 1 presents the results of a brief exercise that
assembled existing data for benzene exposure mea-
sured in various environments and in an occupation
using benzene. It compares these concentrations to a
health benchmark, using the methodology in the cited
paper, “Use of Monitoring Data to Characterize the
Potential Health Significance of Hazardous Air Pollut-
ants.”6 Benzene was used because it is one of the most

common hazardous air pollutants found in excess of
the health benchmark by ambient air modeling. Peer-
reviewed national databases were matched as closely
as possible to the time frame of 1990 used in the CEP
hazardous air pollutant modeling.

Typical indoor air concentrations were obtained
from a database assembled by the EPA Office of Re-
search and Development, and the median for residen-
tial settings was extracted from this database.7 The
median concentration of benzene in office buildings
was obtained from preliminary information provided
by the EPA Building Assessment Survey Evaluation
(BASE), which describes the compilation of measure-
ments performed in 1995–1998 in 56 randomly se-
lected office buildings throughout the United States.10

The BASE study will eventually characterize at least
100 office buildings.11

According to EPA’s source apportionment estimates,
the major source of benzene in the outdoor air is
vehicles.12 The largest occupational category for the
most likely exposure to benzene is gas station atten-
dant. Occupational Safety and Health Administration
(OSHA) Permissible Exposure Limit of 1 ppm (3200
µg/m3) for an eight-hour time-weighted average for
benzene could be used as the maximum exposure for
workers.13 A search of the occupational health litera-
ture provided nonviolation sampling data. A study con-
ducted in 1990 using personal breathing zone samples
gave mean exposure levels to gasoline components
among service station attendants and operators.14

The benchmark concentration for benzene was
obtained from the EPA Integrated Risk Information
System (IRIS) database; the 0.13 µg/m3 concentration
is the lower range for the cancer health benchmark
that is protective at an estimated cancer risk of one
per million based on lifetime exposure for cancer.15

The concentrations in the first row of Table 1 were
then divided by this cancer health benchmark to pro-
duce the exceedances over the health benchmark.

The data from Table 1 do not lessen the need to
focus on reducing the ambient air levels. Air knows
no boundaries. The outdoor air sets the background
level for indoor air. Knowledge about the levels of

Table 1. Cumulative air exposures to benzene (µg/m3) and estimated exceedances over cancer health benchmark6

Outdoor air Indoor air Indoor air Indoor air Occupational
modeled typical residential office geometric
average4 measured7 median7 median10 mean14

Air exposure 2.1 5 2.2 3.7 160
Exceedence 16x 38x 17x 28x 1231x
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occupational exposures provides additional informa-
tion to prioritize source categories for monitoring.

The information from the additional categories of
indoor and occupational settings completes the hazard-
ous air pollutants cumulative exposure assessment for
adults and better informs the public about air risks.
Therefore, the recommendations discussed in the cited
paper should be expanded as follows to fully integrate
all air exposure information and to develop risk reduc-
tion measures that will improve the public’s  health:6

1. In the identification of pollutants, the review of
chemical use, release, and toxicity data requires
a close collaboration of occupational and envi-
ronmental health groups to identify air pollut-
ants of concern.

2. This yearly modeling prediction should incor-
porate information about indoor and occupa-
tional exposures to inform the public about all
air exposures.

3. Emissions inventories should be expanded.
Emissions from consumer goods that contrib-
ute to the indoor air pollutant concentrations
should be reported in a consistent manner and
provided to the public.

4. and 5. The public health community must ac-
knowledge the inequality of both monitoring
methods and toxicity values between environ-
mental and occupational settings. A Permissible
Exposure Level for benzene of 3200 µg/m3

(1 ppm) should not be used when EPA devel-
ops a cancer health benchmark of 0.13 µg/m3

in its evaluation of toxicity databases.

6. Monitoring programs should be developed that
characterize the full burden of pollutants for
highly exposed groups. These monitoring pro-
grams must acknowledge that this group will
most likely be those adults and teenagers work-
ing for a living.
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