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Air quality standards and regulations are = Exposure and Exposure Science
The U.S. Environmental Protection Agency (EPA)
defines exposure as contact (of an environmental

environment. However, there are issues pollutant) with the exterior of the person.’ Asa
result, exposure provides the critical link between

Fffgal‘dlll_g whether the current standards  environmental concentrations and health outcomes.
Air quality management activities often equate ambient
air concentrations with actual human exposures, but
more protective or more effectively target  understanding exposure to air pollutants requires an
understanding of important exposure factors, such

as the distribution of the air pollutant in space and
experience health impa(jts because of time;to what degree the pollutant penetrates inside

; : locations where people spend their time; and where,
their exposure to air pollutants. Therefore,  yhen, and how people spend their time. The role of

an understanding of exposure is vital for  ¢ach of these factors in understanding exposure is
3 . . described in more detail below.

properly addressing air quality manage- * Spatial and temporal variability of ambient
pollutant concentrations — When ambient
concentrations of a pollutant are relatively
of exposure and how these concepts could homogeneous in space and time, human ex-
posures may be more closely approximated by
ambient concentrations. However, when there

designed to protect public health and the

and regulations should be adjusted to be

air quality management activities. People

ment issues. This article presents C(mccpts

be applied to gain a better understanding

of the relatjonshjps between air qualiu; and is significant spatial and temporal variability in
. . ‘ ambient air concentrations, ambient levels of
human health, which, in turn, should help pollutants at a central site will not be adequate

to properly characterize human exposure,
e Concentrations of ambient pollutants in mi-
While air p()l]ution impacts both humans croenvironments — Microenvironments are
locations where people spend their time (e.g.,
indoors at home, indoors at work/school,

improve air quality management practices.

and ecological resources, the focus here is
on the human health outcomes.
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in-vehicle, outdoors at home). A person’s
exposure to ambient air pollution will depend
greatly on concentrations of ambient pollut-
ant in the microenvironments, which, in turn,
will depend upon several factors, such as air
exchange rates, penetration rates, and indoor
air processes

(e.g., chemistry, decay rates, removal mecha-
nisms). Some of these factors will vary depend-
ing upon the pollutant.

e Human activities — A person’s daily activity
plays a significant role, if not the most signifi-
cant role, in characterizing human exposure.
Where a person spends time and how much
time is spent in
each location will

inference may not be appropriate and understanding
exposure may in fact be the critical factor to developing
and implementing effective air quality management poli-
cies for these issues. The following discussion provides
examples of why this is the case.

Particulate Matter

Current National Ambient Air Quality Standards
(NAAQS) for particulate matter (PM) include standards
for fine PM (PM, ;; annual and 24-hr) and a standard for
coarse PM (PM, : 24-hr). The uncertainties surround-
ing existing PM standards are largely based on whether
specific PM characteristics, such as composition or
size fraction, lead to a greater proportion of observed
health impacts.®® Existing
standards for PM, . and

impact that per-

son’s exposure.
The source-to-outcome
continuum in Figure 1
presents an approach to

25
PM,, are based in part

Exposure IS the critical llnk between upoll;l epidemiological
ambient air concentrations and
human health outcomes.

studies that found asso-
ciations between ambient
concentrations of PM and

organize and conceptualize
the key elements required
to understand and manage air quality.® Within this con-
tinuum, exposure is the critical link between ambient
air concentrations and human health outcomes. The
field of exposure science includes rescarch to measure
and model factors and human activities that influence
magnitude, frequency, and duration of exposure to air
pollutant concentrations in various microenvironments.
However, understanding human exposures also requires
an understanding of the factors that influence the spatial
and temporal variability of ambient air concentrations,
which, in turn, requires an understanding of air pollution
sources, transport and fate of air pollutants, and ambient
air concentrations. Therefore, as depicted in Figure 1,
exposure science also includes aspects of research related
to the characterization of source emissions, atmospheric
processes, ambient measurements, and modeling.

The Growing Importance of Exposure

While exposure science has played an important role in
supporting the devel-
opment of existing air

observed health impacts.
These studies often used
a central site monitor to estimate exposures to PM.
Exposure studies that followed the promulgation of the
1997 PM NAAQS showed that central site measurements
were highly correlated with personal measurements of
PM, . over time.* The high correlation between ambi-
ent PM, | concentrations and personal PM, . exposures
exists, in part, because the variability of ambient PM, _
concentrations across many urban arcas is relatively
homogencous.” However, the spatial variability of spe-
cific PM components or PM of different size fractions
(e.g., ultrafine PM or coarse PM) is greater than that for
PMEI:__,""“" In addition, there are significant uncertainties
regarding the microenvironmental concentrations of
PM components and PM size fractions.” Therefore, any
epidemiological evidence or risk assessment for PM com-
ponents or PM size fractions will require an improved
exposure assessment due to the spatial heterogeneity of
ambient concentrations,

In addition to PM NAAQS, there are other national

quality policies, many
existing air quality
management policies
are based upon studies
that associated ambi-
ent concentrations
with health impacts by
inferring that ambient
concentrations are
equivalent to actual
human exposures. For
current and emerg-
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Figure 1. Exposure science: Source-to-output continuum.

july 2008 em 21



regulations designed to address regionally transported
PM, such as the Clean Air Interstate Rule. As these rules
come into effect, regional background concentrations
of secondary PM (e.g., sulfate and nitrate) are expected
to be reduced, thereby increasing the relative contribu-
tions of local sources of primary PM in urban areas. The
nature of the emissions of these local sources will likely
result in ambient PM concentrations with more spatial
and temporal heterogeneity. For example, there may be
stronger diurnal patterns related to traffic or greater
spatial gradients near large local sources. As a result,
future air quality management activities would benefit
greatly from improved exposure assessment and better
attribution of sources to ambient air concentrations and
exposures.

Ozone

Exposure assessment has been integral in previous
reviews of ozone NAAQS® and will continue to be central
to addressing some of the key uncertainties related to
future ozone NAAQS. For example, certain subpopu-
lations who spend more time outdoors (e.g., outdoor
workers and children) may be more vulnerable to ozone
exposure because indoor levels of ozone are generally
very low.” Improving the understanding of the activities
of these subpopulations will improve exposure assess-
ments that are used to inform future NAAQS. In addi-
tion, the nature of human activities is also an important

factor in understanding ozone exposure. Activities that
increase breathing rates can lead to higher ozone expo-
sures,’ so developing an improved understanding of how
individual activity levels relate to ozone exposures will
also improve ozone exposure assessments conducted as
part of NAAQS reviews.

Toxic Air Pollutants

The regulatory program for stationary sources of toxic
air pollutants in the United States includes both a tech-
nology-based phase and a risk-based phase. Regulations
based on technology have been completed and risk-based
regulations are currently under development. There is
significant uncertainty in toxic air pollutant risk assess-
ments, and much of this uncertainty is associated with
exposure.” For example, many toxic air pollutants exhibit
significant spatial and temporal variability. In addition,
some toxic air pollutants have significant indoor sources
that contribute to microenvironmental concentrations
and confound estimates of exposures to toxic air pollut-
ants of ambient origin. Hence, improved estimates of
exposure will be important to making effective environ-
menial policy decisions.

Air Poliution Hotspots and Environmental Justice Issues

Recent concerns have emerged regarding whether exist-
ing regulations provide ample protection for certain
subpopulations that may be vulnerable due to elevated

Regional scale
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b

Figure 2. The multiple scales of exposure science.
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exposures in “hotspots” (i.e., locations where pollutant
concentrations are substantially higher than concentra-
tions indicated by ambient monitoring in surrounding
areas).” In many cases, these issues are centered on
environmental justice.®* An example of such an issue is
near-road exposures and health effects. Exposure assess-
ment will be central to addressing these issues. Improved
characterization of the variability of ambient concentra-
tions, microenvironmental concentrations, and human
activities will all be required to evaluate environmental
policies to address potential hotspots and environmental
justice issues.

Improving Exposure Assessment

with Models

Ideally, actual human exposure measurements would
be available to inform air quality management activi-
ties. The reality is that this is just not possible in most
instances. Improved exposure estimates may be
obtained through more spatially, temporally, and com-
positionally refined air quality monitoring and through
conducting human exposure monitoring studies. How-
ever, increased monitoring is often cost-prohibitive
and collecting the necessary monitoring data at the
required spatial and temporal scale is often just not
feasible. Air quality and exposure modeling tools offer
an alternative to increased monitoring and can provide
estimates of exposure at multiple scales (see Figure 2).
For example, air quality models can provide more spa-
tially, temporally, and compositionally refined estimates
of ambient concentrations at global, regional, urban,
and local scales.

When air quality models are integrated with other
data sources and across scales even more opportunities
to improve exposure estimates arise. For example, output
from air quality models can be used to fill in the spatial
and temporal gaps in existing ambient monitoring data.
The air quality surfaces that are created by integrating
observations and model estimates can then be used to
enhance exposure estimates and create exposure sur-
faces, which, in turn, improve and facilitate stronger
epidemiological studies.*

Another way air quality models can be used to
improve exposure estimates is by combining results from
regional-scale air quality models (e.g., CMAQ)) and local-
scale dispersion models (e.g., AELRMOD)." The regional
air quality model provides a regional background con-
centration upon which the influence of local stationary
and mobile sources can be added using models such as
AERMOD. The result is a more spatially refined ambient
air quality estimate that may be used to improve exposure
A8SESSIMEnts.

While air quality models, either alone or in combina-
tion, offer opportunities to improve estimates of ambient
air concentrations, these modeling tools do not provide
estimates of actual human exposure because they do not
address the other key exposure factors—air pollutant
concentrations in microenvironments and the role of
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human activities. Human exposure models incorporate
these other key exposure factors to generate estimates of
actual human exposures.'' In addition, the integration of
air quality and human exposure models provides further
opportunities to improve estimates of exposure.''* The
resulting estimates of actual human exposures may be
used to inform a variety of air quality management activi-
ties, including risk assessments and risk management
decisions related to the issues identified above

Summary

Exposure provides the critical link between ambient air
concentrations and health outcomes. Many of the air quality
management issues that we face today involve a number of
factors that affect exposure: spatial and temporal variability
of ambient concentrations, microenvironmental concentra-
tions, and human activities. As a result, simply equating ambi-
ent air concentrations to exposure may not result in the most
efficient and effective ways to address these issues. Modeling
tools offer remendous promise for improving exposure
estimates needed for air quality management activities.
Air quality models have traditionally been used to support
implementation of air regulations, while human exposure
models have been used mostly to support risk assessments
that support development of air regulations. However,
these modeling tools, either alone or in combination, have
potential to expand beyond their traditional applications to
Improve exposure assessments in support of all aspects of air
quality management. While much progress has been made
in addressing the nation’s air quality, air quality management
issues are becoming increasingly complex and exposure
science must play an important role in developing effective
policies to address them. em
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