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Hazardous Air Pollutants: Inside and Out
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The Total Exposure Assessment Methodology (TEAM) Study, the National
Human Exposure Assessment Surveys (NHEXAS), and the Cumulative Exposure 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 funding, 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 pollutants 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 concentrations to the modeled concentrations. The conclusions, although problematic 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 evaluations of air toxins. The authors of the cited paper do note that in many cases
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Table 1. Cumulative air exposures to benzene (µg/m3) and estimated exceedances over cancer health benchmark6

Air exposure
Exceedence

Outdoor air
modeled
average4

Indoor air
typical
measured7

Indoor air
residential
median7

Indoor air
office
median10

Occupational
geometric
mean14

2.1
16x

5
38x

2.2
17x

3.7
28x

160
1231x

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 inside 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 presenting 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 measured 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 Pollutants.”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. Peerreviewed 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 Research and Development, and the median for residential 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 measurements performed in 1995–1998 in 56 randomly selected 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 attendant. 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 literature provided nonviolation sampling data. A study conducted 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 produce 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
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occupational exposures provides additional information to prioritize source categories for monitoring.
The information from the additional categories of
indoor and occupational settings completes the hazardous 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 reduction 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 environmental health groups to identify air pollutants of concern.
2. This yearly modeling prediction should incorporate information about indoor and occupational exposures to inform the public about all
air exposures.
3. Emissions inventories should be expanded.
Emissions from consumer goods that contribute 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 acknowledge the inequality of both monitoring
methods and toxicity values between environmental and occupational settings. A Permissible
Exposure Level for benzene of 3200 µg/m3
(1 ppm) should not be used when EPA develops 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 programs must acknowledge that this group will
most likely be those adults and teenagers working for a living.
REFERENCES
1. Wallace LA, Pulitzer ED, Hartwell TD, Whitmore R,
Zelon H, Perritt R, Sheldon L. The California Team
study: breath concentrations and personal exposures to
26 volatile compounds in air and drinking water of 188
residents of Los Angeles, Antioch, and Pittsburgh, CA.
Atmospheric Environ 1988;22:2141-63.
2. Environmental Protection Agency (US) National Human Exposure Assessment Survey (NHEXAS) [summary
online] [cited 2000 Dec 18] [1 screen] Available from:
URL: http://www.epa.gov/nerl/nhexas.htm

3. Environmental Protection Agency (US) Cumulative Exposure Project. About the Project. [summary online]
[cited 2000 Dec 18] [1 screen] Available from: URL:
http:// www.epa.gov/oppecumm/about/about2.htm
4. Environmental Protection Agency (US) Cumulative Exposure Project. Introduction to Estimated 1990 Air
Toxics Concentrations from EPA’s Cumulative Exposure Project. [index online] [cited 2000 Dec 7] Available from: URL: http://www.epa.gov/oppecumm/air
5. Woodruff TA, Axelrad DA, Caldwell J, Morello-Frosch R,
Rosenbaum A. Public health implications of 1990 air
toxics concentrations across the United States. Environ
Health Perspect 1998;106:245-51.
6. Kyle AD, Wright CC, Caldwell JC, Bufﬂer PA, Woodruff TJ. Evaluating the health signiﬁcance of hazardous
air pollutants using monitoring data. Public Health Reports. 2001; 42.
7. Tucker G. Comparisons of indoor and outdoor concentrations of hazardous air pollutants. Inside IAQ. Spring/
Summer 1998; 1-9. EPA/600/N-98/002.
8. Environmental Protection Agency (US). The inside story
a guide to indoor air quality. EPA 402-K-93-007;1995.
9. Department of Labor (US). Statistics and Data. Bureau
of Labor Statistics. News bureau of labor statistics. Employment situation news release. Employment Situation:
November 2000. [database online] [cited 2000 Dec 18]
Available from: URL: http://www.dol.gov/asp/public
/ddlabdata/labdata.htm
10. Girman JR, Hadwen GE, Burton LE, Womble SE,
McCarthy JF. Individual volatile organic compound
prevalence and concentration in 56 buildings of the
building assessment survey and evaluation (BASE) study.
Proceedings of Indoor Air’99; 1999 Aug 8–13; Edinburgh, Scotland. 2:960-465.
11. Environmental Protection Agency (US) Building assessment survey and evaluation. [summary online] [cited
2000 Dec 18] [1screen] Available from: URL: http://
www.epa .gov/iaq/base
12. Environmental Protection Agency (US) Sources of Benzene in New England in Air Toxics of Greatest Concern
in New England. Available from: URL: http://
www.epa.gov/region01/eco/airtox/benchart.html
13. Department of Labor (US) Occupational Safety and
Health Administration Regulations (Standards-29CFR)
Benzene-1910.1028 [database online] [cited 2000
Dec 18]. Available from: URL: http://www.osha-slc.gov
/OshStd_data/1910_1028.html
14. Hartle R. Exposure to methyl tert-butyl ether and benzene among service station attendants and operators.
Environ Health Perspect 1993 101 Suppl;1:23-26.
15. Environmental Protection Agency (US) Integrated risk
information system. [database online] Benzene [updated 2000 Jan 19]. Available from: URL: http://
www.epa .gov/iris/subst/index.html

Public Health Reports / January–February 2001 / Volume 116

