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INTRODUCTION
The 40th annual A&WMA critical review1,2 by Hidy and
Pennell provided a conceptual framework for multipol-
lutant air quality management (AQM) and the assess-
ment of accountability.3 The critical review1 summa-
rized and elaborated on the NARSTO4 integrated
assessment5 dealing with the same topics, proposing
that a multipollutant risk analysis methodology be de-
veloped that would relate multiple concentrations to
multiple effects, with a primary emphasis on adverse
health effects. Although straightforward in theory, the
critical review1 identified substantial deficiencies in
current knowledge to fully implement such an ap-
proach. It noted the emphasis on criteria pollutants, at
the expense of other hazardous air pollutants (HAPs),6

in current AQM. It also recognized the limitations of
current monitoring networks, which focus on compli-
ance with criteria pollutant standards,7,8 for determin-
ing exposures and relationships of these exposures with
adverse effects.

This discussion was compiled from written submis-
sions and presentation transcripts that were revised for
conciseness and to minimize redundancy. Substantial de-
viations from the intent of a discussant are unintentional
and can be addressed in a follow-up letter to the journal.
Invited discussants are as follows:

• John D. Bachmann, Primary for Vision Air Con-
sulting, where he advises on environmental
policy issues. He was formerly Associate Direc-
tor for Science/Policy and New Program Initia-
tives at the U.S. Environmental Protection

Agency (EPA)’s Office of Air Quality Planning
and Standards (OAQPS), where he worked since
1974 developing and applying the U.S. Na-
tional Ambient Air Quality Standards (NAAQS)
review process. He authored the 2007 critical
review on AQM.9

• Mr. John D. Kinsman, Senior Director of Envi-
ronment at the Edison Electric Institute, where
he has been employed for more than 20 years.
His work focuses on air quality regulation and
legislation relevant to U.S. shareholder-owned
electric companies.

• Dr. Allan H. Legge, President of Biosphere So-
lutions, where he provides leadership and con-
sulting on air pollution effects on ecosystems.
Before forming Biosphere Solutions in 1993, he
was a Senior Research Scientist at the Kanan-
askis Center for Environmental Research at the
University of Calgary and a Senior Research
Officer in the Environmental Research and En-
gineering Department for the Alberta Research
Council.

• Dr. John G. Watson, Research Professor at the
Desert Research Institute (DRI), critical review
committee member since 1982, and chair of the
committee from 1993 to 1997. He authored the
2002 critical review on visibility10 and served on
peer review panels for the National Research
Council (NRC)11 and NARSTO assessments5 that
motivated the 2010 critical review.1
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INVITED COMMENTS BY JOHN BACHMANN
The NARSTO assessment,5 summarized by Hidy and
Pennell,1 was inspired by the landmark NRC11 evalua-
tion of AQM. This critical review1 provides useful “one-
stop shopping” for readers interested in key findings on
this important subject, as well as those who want to
access the full text and references in the 13-chapter
NARSTO assessment.5 Because the NARSTO assessment5

was constrained to certain scientific and technical as-
pects by its sponsors, however, it and the critical re-
view1 provide insufficient discussion or evaluation of
efforts by policy-makers to recognize and address mul-
tipollutant challenges in implementing AQM policies.

Hidy and Pennell’s1 idealized goal is a system that
would provide enough information to optimize air pol-
lution control strategies, maximize risk reductions, and
minimize costs, with the addition of effects-tracking
that would show benefits and costs as they are realized.
Such effectiveness and efficiency are conceptually de-
sirable. In practice, however, costs in terms of equity,
flexibility, simplicity, needed resources, legislation, and
timing to deliver such a system may outweigh its
benefits.

Hidy and Pennell’s1 concept is a logical extension of
the current “risk-based” U.S. system,9 which is driven by
the NAAQS. As NRC11 suggests, adopting a multipollutant
perspective with greater emphasis on accountability
could provide a useful paradigm for air-quality-related
policy, regulation, legislation, and science. Based on the
critical review’s1 assessment of current human exposure
monitoring, atmospheric modeling, and risk assessment
tools, however, full implementation of the recommended
approaches is probably impossible in the foreseeable fu-
ture. The critical review1 would have been more helpful if
it had proposed and examined more limited multipollut-
ant and accountability approaches that provide some ad-
vantages in the near term. NRC11 also noted that much of
the current AQM system has been productive, some
newer transitional policies could build on that success,
and that the “ideal” approach is not possible in the near
future.

In focusing on a more comprehensive risk-based
regulatory paradigm, the critical review1 could have
examined the benefits of multipollutant technology-
based programs. A clear example is the national tailpipe
and fuel standards for mobile sources, which are based
on multipollutant technologies that collectively reduce
volatile organic compounds (VOCs), carbon monoxide
(CO), oxides of nitrogen (NOx), sulfur oxides (SOx), lead
(Pb), and particulate matter (PM; specifically PM �10
[PM10] and �2.5 [PM2.5] �m in aerodynamic diameter)
from various classes of motor vehicles. Several of the
important HAPs are included in the VOC and PM emis-
sions. These rules are responsible for large emission
reductions since 1970.9 Other examples include New
Source Performance Standards (NSPS) for large stationary
sources, and the multipollutant legislative/regulatory initia-
tives to address multimedia effects of NOx, SOx, mercury
(Hg), and PM from power generation.12,13 NRC11 recom-
mended an expansion of these kinds of national,
multistate, and multipollutant performance-oriented
programs.

A subcommittee of the multistakeholder Clean Air
Act Advisory Committee (CAAAC) produced reports14,15

with a range of detailed to broad specific technical, pro-
cedural, and policy recommendations. Examples of the
more policy-oriented recommendations include the
following:

• Coordinate implementation of ozone (O3) and
PM standards.14 NRC11 and others agree that
from a risk and implementation perspective, at-
tainment of the O3 and PM NAAQS represents
one of the major long-term AQM challenges dur-
ing the next 20 yr. The current PM2.5 program is
already stimulating multipollutant State Imple-
mentation Plans (SIPs). Combining strategies for
O3 precursors and PM creates opportunities for
more efficient and effective multipollutant source
programs. Unfortunately, EPA has not been able
to implement this recommendation.

• Streamline the SIP process.14 EPA has consid-
ered the opportunity for changing the relative
importance of advanced modeling and air
quality/emissions tracking in SIP development
and implementation. Progress has not yet gone
beyond developing some pilot projects.16

• Replace SIPs with a “Comprehensive AQM Plan”
that includes multipollutant NAAQS and toxic air
pollutant programs.15 EPA is sponsoring three
ongoing pilot programs (New York,17 North
Carolina,18 and St. Louis MO/IL19) to examine
the issues and challenges inherent in such an
approach. The critical review1 identifies a pilot
project for optimizing O3, PM, and some HAPs
improvements using risk-based modeling for
Detroit.20

This discussant has long agreed with increased em-
phasis on accountability or, as Hidy21 once put it, “closing
the circle” of AQM. However desirable an objective, the
NARSTO assessment5 and other work22 indicate how dif-
ficult it is to measure health and environmental effects
that result from modest year-to-year changes in air qual-
ity. Accordingly, “full” accountability measures are prob-
ably an unrealistic goal for individual AQM programs. The
critical review,1 however, notes a growing number of “in-
tervention” studies with sufficient population and air
quality changes to observe improvements in health and
other environmental effects. Quick-response interim in-
dicators are also needed that could signal the need for
midcourse corrections to AQM programs.14,15

Some final thoughts and recommendations stimu-
lated by the critical review1 are:

• Multipollutant perspectives and accountability
already have informed U.S. AQM technology-
based programs on national, regional, and local
scales. The critical review1 could have elaborated
more on how this can be done now.

• There is substantial information on the health
risks of O3 and PM from multipollutant mixture
studies.23–26 Improvements in risk management
would require a priority to be placed on research
concerning the relative contribution to risk from
VOC and PM components.

• Some consideration should be given to how to
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address environmental equity in a risk-based
multipollutant paradigm. This is one of the key
AQM challenges raised by the NRC.11 The critical
review1 appears to equate maximizing risk reduc-
tion with the “body count” (population risk) and
essentially ignores equity.

• EPA should expand consideration of climate ef-
fects of air pollutants that are short-lived climate
forcers in implementing the O3 and PM NAAQS.

• EPA should continue and expand multipollutant
AQM pilot projects to promote innovative ways of
specifying and coordinating NAAQS. EPA should
evaluate and publish results of these programs.

• The Clean Air Act (CAA) of 1970 and its major
amendments of 1990 pass 40- and 20-yr mile-
stones in 2010. Within the next few years, pend-
ing multipollutant and/or climate legislation
likely will prompt some reconsideration of the
CAA. This would provide an opportunity for
modest changes to authorize or facilitate im-
proved multipollutant AQM approaches.

INVITED COMMENTS BY JOHN KINSMAN
Congress and EPA already are moving toward the critical
review’s1 so-called Level 2 of multipollutant AQM (in-
creased attention to co-benefits attainable with single pol-
lutant attainment) via: (1) the linked Clean Air Interstate
Rule (CAIR)–Clean Air Mercury Rule final rules of
2005,27–41 (2) Senator Carper’s proposed CAA Amend-
ments of 2010, (3) EPA’s just-proposed replacement
Transport Rule for the overruled41 CAIR plus its upcoming
March 2011 HAP and NSPS proposals; and (4) EPA’s up-
coming 2012 joint NOx-SOx secondary NAAQS review.

There are many obstacles to fully implementing mul-
tipollutant AQM, however. EPA Assistant Administrator
for Air and Radiation, Gina McCarthy,42 stated that there
are major gaps in research data—including how to better
assess different mixtures of pollutants—that the EPA must
fill before it can achieve a multipollutant approach to
regulation. Among the major research gaps are: (1) lack of
data on cumulative and synergistic interactions between
pollutants, (2) toxicity of different pollutant mixtures, (3)
the impact of pollutant mixtures on children, and (4)
limitation of the national air pollutant monitoring net-
work for human exposure.

The critical review1 recognizes the many challenges
for multipollutant AQM, including the following:

• Risk analysis is largely meaningless without ad-
vance knowledge about health and ecological
risks and relative severity of response. This type of
information is incomplete for listed single pollut-
ants and virtually nonexistent for exposure to
multipollutant mixtures. Accounting for antago-
nisms or synergisms in multipollutant responses
is rare.

• Epidemiology challenges include access to health
data; monitoring data for one or few sites repre-
senting the community as a whole; and distin-
guishing between indoor, outdoor, and personal
exposure.

• Measurement advances are needed for VOCs, PM

organic compounds, and HAPs such as trace met-
als, Hg, aromatic compounds, and aldehydes.
Even then, it is difficult to impossible in practice
to measure multipollutant mixtures with the spa-
tial and temporal density required for detailed
exposure characterization. Exposures are not well
measured at the local or neighborhood level.

• Air quality model performance needs to be im-
proved. Current models only can estimate concen-
tration fields within a factor of two or more, de-
pending on averaging times and species modeled.

• Remedying the most critical technical deficiency,
understanding of human health and ecosystem
effects arising from exposure to mixtures, would
require an aggressive research program well be-
yond current research plans and funding levels.

Several additional comments are important to con-
sider. First, the critical review1 states that “The regulated
community is principally concerned with simplifying the
bureaucratic hierarchy of pollutant management and to
create efficiencies in addressing current regulation.” Reg-
ulated entities are equally or more concerned with the
justification for some EPA decisions, such as those related
to NAAQS setting and implementation, attainability, and
costs. Industry groups are concerned with some EPA in-
terpretations of health studies such as those related to the
expected tightening of the O3 and PM NAAQS scheduled
for August 2010 and October 2011, respectively. More
stringent standards will increase the number of nonat-
tainment areas. Permitting of new sources given the new
1-hr nitrogen dioxide (NO2) and sulfur dioxide (SO2) stan-
dards will become more difficult, especially considering
air quality model uncertainties. Costs of compliance will
increase; EPA estimates the year 2020 cost of compliance
with a 60-parts per billion (ppb) O3 standard at $90 billion
(U.S.).43

Second, industry groups also would be concerned
with the critical review’s1 suggestion that accountability
analysis be used to correct or modify AQM actions. Once
a facility puts controls on or modifies a process, it does
not expect to make additional investments for the same
purpose for some length of time. Adding controls and
again modifying processes is inefficient, expensive, and
disruptive.

Third, the critical review’s1 suggestion for grouping
pollutant mixtures within common source types would
be difficult for power plants and probably for other source
types. Fossil-fuel power plants use different fuels, boilers,
and pollution control technologies. The combination of
these and other factors leads to a wide range of emission
characteristics. The universe of these factors is constantly
changing in the fleet as the long list of regulatory require-
ments is addressed.

Fourth, the critical review’s1 scope was constrained. A
March 2010 resolution44 by the Environmental Council
of the States (ECOS),45 a nonprofit, nonpartisan associa-
tion of state and territorial environmental agency leaders,
more properly defines the full scope of multipollutant
AQM:

. . . in pursuing a multipollutant strategy, the
U.S. Congress, U.S. EPA, and the States should
proceed in a manner that protects the public
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health and environment, promotes efficient ex-
penditures of resources, provides adequate and
reliable energy, is scientifically sound and tech-
nically feasible and minimizes government im-
pediments to the achievement of these goals and
cost savings while significantly reducing envi-
ronmental impacts and providing industry with
the ability to plan for the future.
Finally, the CAA has not been amended since 1990, and

those amendments entailed a several-year battle. Unfortu-
nately, there remain few lawmakers who went through that
process, and there is concern about opening the floodgates.
As stated in this and prior critical reviews and discus-
sions,9,10,21,46,47 the CAA’s regulatory framework, adminis-
tered by EPA and the federal land managers, is the result of
more than 40 yr of statutory and case law and is embodied
in the U.S. Code of Federal Regulations, supplemented by
numerous state and local regulations.

There are many reasons to consider amending the CAA,
including requiring multipollutant and risk-based AQM.
Congress could advance research on pollutant mixtures,
monitoring, modeling, etc. Health effect advances could
include updated reviews of health impacts for individual
HAPs. Implementation challenges related to the NAAQS,
HAPs, and New Source Review (NSR)48–51 could be ad-
dressed, as well as current and upcoming EPA regulations.
Congress could create a more coordinated and efficient tran-
sition to the future—addressing the environment, energy
and the economy—as ECOS44 recommends.

The air quality regulatory burden, at least for the
electric power sector, includes several new rules that
generally will be dealt with separately: (1) the 1-hr NO2

NAAQS (finalized February 2010): (2) the 1-hr SO2

NAAQS (finalized June 2010): (3) the reconsidered 8-hr
O3 NAAQS (to be finalized August 2010): (4) the Trans-
port Rule replacing CAIR (proposed August 2010 and to
be finalized in late spring 2011): (5) the remanded PM
NAAQS (to be finalized October 2011): (6) HAP regula-
tions (to be finalized November 2011); and (7) NOx,
SO2, and PM NSPS (to be finalized November 2011).
These are in addition to water quality, greenhouse gas,
coal combustion product (coal ash) disposal, and other
regulations. It is unfortunate that multipollutant AQM
will not play a major role in 2010–2012 EPA decision-
making. Congressional action could be required to
move forward in a sensible manner.

INVITED COMMENTS BY DR. ALLAN LEGGE
Hidy and Pennell1 recognize that the current AQM frame-
works in North America have become well established
during the past 4 decades. Application of these frame-
works, as they have evolved through time, has generally
resulted in reduced emissions and air pollution plus a
reduction in the effects of air pollution on people and
some components of the environment.1 Although the
point is made that AQM using the single “criteria pollut-
ant” approach has achieved results despite the inherent
limitations,9 the current North American NAAQS are pri-
marily formulated for human health, with other effects
relegated to the less binding status of “secondary
standards.”

The underlying premise of the critical review1 is that
multipollutant AQM can be achieved within the estab-
lished AQM, subject to slight modifications made progres-
sively through time with increased accountability and an
enhanced risk analysis methodology. This premise is
probably not valid. After 4 decades, current AQM, with its
associated legislation and regulations, has become com-
plex, convoluted, and cumbersome and has become op-
erationalized and institutionalized. The net result is that
the process of managing and regulating the legislation has
become more important than the original reasons for the
CAA.

An additional weakness is that multipollutant opti-
mization is described in the critical review1 only in the
limited terms of effects on human health; token reference
is given to the associated effects of elevated concentrations
on other air-quality-related values such as climate,52,53 visi-
bility,10,47 nuisances,54 material damage,55–58 and ecosystem
degradation.59–64 The net result is that much of the envi-
ronment has been ignored. Although there is some men-
tion of “co-benefits” in the critical review,1 there is insuf-
ficient elaboration on how these can and should be
assessed, although there is a growing literature on this
topic.65–68 As is suspected for human health,69 it has been
documented that the effects of multiple pollutant ecosys-
tem exposures also can be “antagonistic” (less than addi-
tive) or “synergistic” (more than additive).70 It may be
that an antagonistic effect for one outcome (e.g., human
health) may be synergistic for another outcome (e.g., cli-
mate or ecosystems).

AQM needs to be simplified rather than made more
complicated. The underlying AQM paradigm is not “clean
air,” but “cleaner air.” One simple concept is to define and
characterize what is meant by clean air and then use that
definition as the goal to be reached to protect all recep-
tors. Clean air is represented by air that is essentially
odorless, tasteless, looks clear, and has no measureable
short- or long-term adverse effects on people, animals,
and the environment.71 The key is to simplify our think-
ing and our approach to AQM.

INVITED COMMENTS BY DR. JOHN WATSON
As noted by the previous discussants, the critical review1

is a useful condensation of the NARSTO assessment5 and
a logical extension of the NRC11 AQM evaluation. Impor-
tant takeaway messages include: (1) the effects of different
pollutants may not add linearly; (2) O3 and PM strategies
are implicitly multipollutant in terms of the precursors
and common sources; (3) investments in emission reduc-
tions should manifest themselves as exposure and adverse
health effects improvements, in addition to downward
trends in measured emissions and ambient concentra-
tions; (4) the current AQM approach has improved pol-
lution levels, as indicated by long-term downward trends;
and (5) greater benefits would accrue with more attention
to multipollutant planning.

Despite making important points, none of these doc-
uments1,5,11 has critically evaluated the feasibility and
uncertainties of the risk assessment models upon which
the risk-based strategy is based. These assessments do not
sufficiently recognize the iterative process of current AQM
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that ensures eventual accountability by periodically re-
evaluating and revising pollutant standards and deter-
mining attainment or nonattainment through long-term
ambient monitoring.9,21,46 They neither elicit nor propose
small, incremental steps that can be taken to move the
AQM process more rapidly in the direction of multipol-
lutants. Finally, these assessments seem to cherry-pick
isolated examples, mostly from the experiences of the
authors, rather than examine the weight of evidence that
has accrued on this topic during the past 4 decades of
systematic AQM. In particular, a large body of relevant
knowledge has been published in the Journal of the Air &
Waste Management Association and EM that will be cited in
the comments below.

The confidence in risk assessment models is mis-
placed. As currently applied, risk models72–87 estimate
human exposure to a single pollutant through multiple
pathways, including inhalation and ingestion. These
exposures are multiplied by an excess risk factor (see
Appendix A of the South Coast Air Quality Manage-
ment District [SCAQMD]88 for a summary of these) that
usually is expressed in incremental cancer onsets per
�g/m3 of inhalation exposure to the single pollutant.
The Multiple Air Toxics Exposure Studies (MATES)88,89

are the most carefully executed examples of such risk
assessment modeling. MATES88,89 has a multipollutant
character in that diesel particulate matter (DPM), as indi-
cated by elemental carbon (EC) measurements90,91 ap-
plied to ambient PM2.5 samples to estimate exposures,
constitutes more than 80% of the excess risk. This prob-
ably represents many potential health-averse chemical
compounds in carbonaceous aerosols.92 Yet even these
well-executed and costly studies recognize the limita-
tions, uncertainties, and difficulties in estimating risks
with current assessment technologies. In a companion
review based on the NARSTO assessment,5 Mauderly et
al.93 detail, again conceptually, the long-term research
effort that would be needed to evaluate whether or not
uncertainties might be reduced in future risk models. One
might also ask, “What additional value is added by this
risk analysis?” It is well known that diesels emit soot (as
indicated by EC measurements), which contributes to PM,
which is regulated by NAAQS and the Regional Haze
Rule,94 and that rules are in place to reduce these emis-
sions from on-road and nonroad engines.95,96 The critical
review1 could have examined the value of current risk
assessments in other source sectors to evaluate what
might be gained over current practice by using a risk-
based strategy.

Past AQM shows many examples of multipollutant
emission reduction strategies. Even for controls on sin-
gle pollutants such as CO and Pb, the AQM strategy has
been a multipollutant one. CO and Pb are primary
emittants from known sources. They have directly de-
tectable effects that are not affected by other pollutants,
such as increased blood levels of carboxyhemoglo-
bin97,98 for CO and increased Pb serum levels for Pb.99–

101 CO is derived mostly from inefficient combustion of
fossil fuels and biomass, whereas Pb contamination
derives from mining, smelting, lead paint, and gasoline

additives. Yet, the gasoline-engine catalytic convert-
er102–104 (the most effective measure for reducing emis-
sions, concentrations, and biomarkers for these pollut-
ants) was originally intended to reduce CO and VOC
emissions, then eventually NOx emissions. Gasoline-
engine Pb reductions were a beneficial (and recognized)
byproduct, eventually resulting in the phase-out of Pb
additives that contaminated the catalyst and that some
claim did not belong there in the first place.105 There were
substantial unintended benefits for PM, as evidenced by
higher emission rates before the catalyst achieves its op-
erating temperature.106–114 Because CO and black carbon
(BC) are often highly correlated in incomplete combus-
tion exhaust,115 there are probably some additional ben-
efits that accrue to visibility and climate improve-
ments.10,116 Accountability was instituted in terms of
engine emission certification standards as well as inspec-
tion and maintenance (I/M) testing. Flaws in the account-
ability measures were revealed by real-world emission
testing (e.g., source-dominated studies using in-plume
and cross-plume measurements in source-dominated
environments such as roadsides, parking garages, tun-
nels, etc.).117–127

An example of AQM for multipollutants and mul-
tiple effects is the long-term regional strategy for
health, visibility, and ecological benefits in the U.S.
Midwest, U.S. Northeast, and Canadian southeast re-
gions. The O3 Transport Assessment Group (OTAG),128

NOx SIP call,129–133 NSR50,51,134,135 and its failure to
reduce emissions from grandfathered power generators,
the Regional Haze Rule,10,47,94,136 and the CAIR and
Clean Air Mercury Rules12,134,137–142 all address multi-
pollutants and in some cases required continuous emis-
sion monitors (CEMs) for accountability. A century ago
there was recognition of the adverse effects of air pol-
lution (e.g., deplorable daytime visibility in Pittsburgh
and other cities, dense plumes belching from industrial
smokestacks, people keeling over in Donora) that were di-
rectly attributable to inefficient coal combustion.9,21,143–151

Use of cleaner coal, improved combustion conditions,
switching to natural gas, and eventually effluent controls
made a big difference on local concentrations, exposures,
and very evident improvements in effects. After the im-
plementation of local pollution controls, the effects of
long-range transport on O3 and secondary PM2.5 sulfate
were realized for ambient concentrations and deposi-
tion.152–165 The series of region-wide emission reduction
measures cited above resulted from periodic examinations
of the source-receptor relationships during several de-
cades and is still in progress. As noted in Hidy et al.,5 there
is a large body of evidence that further NOx and SO2

reductions will reduce O3, PM2.5, and acid deposition in
the region.

There are many small, but meaningful, steps that can
be taken in the direction of multipollutant AQM, some of
which are scattered throughout, but not emphasized by,
the assessments.1,5,11 The following are three more:

• Develop and apply multipollutant source charac-
terization methods that are more compatible
with real-world emissions and ambient measure-
ments. It makes no sense to climb the smokestack
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with 1950s-era glass impingers to separately mea-
sure NOx, SO2, PM10, etc., as required by EPA’s
certification source testing methods.166 It is time
to replace these antiquated practices with a dilu-
tion system, similar to that used for mobile sour-
ces,109,167–172 to which ambient sampling and
analysis methods can be coupled.173–177

• Reformulate Federal Reference Method (FRM)
and Federal Equivalent Method (FEM)178 proce-
dures to encourage development and deploy-
ment of multipollutant ambient measurement
systems. The high cost of locating, permitting,
and operating permanent monitoring shelters
needed for current FRMs and FEMs mitigates
against the need for measurements to assess
exposures in microenvironments. Recent ad-
vances in miniature detectors179–181 indicate
the potential to obtain a wider range of chem-
ical components with much lower cost than
those currently involved in compliance moni-
toring.

• Require O3 and PM2.5 SIPs to evaluate the effects
of emission reductions for one pollutant (e.g.,
NOx reductions for O3) on another related pollut-
ant (e.g., NOx reductions for PM2.5 nitrate). A
good example of this is the CAIR modeling141

that demonstrated the benefits of extending sum-
mer NOx controls to winter months to address
the midwestern nitrate bulge.182

RESPONSE FROM DRS. GEORGE HIDY
AND WILLIAM PENNELL
The critical review authors thank the discussants for their
thoughtful comments on the critical review.1,2 The au-
thors generally agree with the points made by the discus-
sants, although they reflect implicit definitions or con-
cepts that differ from those used as the basis for the
critical review.1,2,5 These derive especially from the con-
cepts of relative risk and accountability—seemingly there
is no dispute about what multipollutant means, except
perhaps the inability to integrate criteria pollutants with
the extensive list of HAPs.

Neither the authors nor the NARSTO members are
advocating a risk-based multipollutant approach to AQM.
The purpose of the assessment5 was to examine the tech-
nical feasibility of this approach. There are some definite
advantages and improvements in regulatory efficiency
that would result from coordinating AQM actions involv-
ing pollutants having common sources and air chemistry
within the current framework of the CAA. Although such
coordination is improving, there are inconsistencies
within the standard setting and implementation frame-
work for individual pollutants that show ambivalence
toward multipollutant AQM, as recognized by Bachmann
and Kinsman in their comments. There could be greater
regulatory effort to address pollutant-coordinated man-
agement practice, but this goal may have to await future
review of the CAA by Congress.

At this time, the authors agree that there is insuffi-
cient information and understanding to evaluate alterna-
tive AQM proposals involving multipollutants on the ba-
sis of relative risk reduction. Addressing relative risk will

depend on substantial improvements in knowledge of hu-
man and ecosystem response to pollutant exposure. Con-
ceptually, air quality risk-based decision-making could be a
key element in priority setting for individual pollutants and
mixtures. With respect to the capabilities and limitations
of contemporary risk assessment models, their applica-
tion will remain controversial as decision-making tools,
especially if there is significant uncertainty in input data.
However, this observation does not preclude their use in
resource priority setting when based on best available
knowledge of health or ecosystem stress and when differ-
ences in ambient concentrations and potency are consid-
ered as indices of relative risk among regulated pollutants.
To some extent, this is done now with O3 (as an indicator
for oxidants) and PM mass (as an indicator of a combina-
tion of different chemicals).

The authors did not consider environmental equity
in the analysis because “equity” is a socioeconomic and
political issue that is beyond the scope of the assessment.5

This issue is complex in terms of economic and other
factors, but it is noted that epidemiologists have begun to
examine this degree of freedom in the response of sub-
populations to exposure gradients.88

With regard to a pathway toward multipollutant
AQM, the authors again note the four-level transition
from current practice to full implementation. This was
intended as an intellectual construct for thinking about
the problem, not as a prescriptive road map for imple-
mentation. Development of a practical road map was
beyond the scope of the critical review1 and NARSTO
assessment.5 In this respect, the comments from Bach-
mann and Kinsman have added important practical per-
spective, which provides some optimism for future mul-
tipollutant considerations, yet they indicate that the
existing CAA “bureaucracy” and sociopolitical driving
forces will be difficult to overturn in favor of advanced
approaches. Perhaps these changes will be motivated by
future technical innovations in measurement and assess-
ment tools. An interesting example of a new tool for
source-oriented PM toxicology has been proposed by Bein
et al.183 Rapid progress in complex spatial and multipol-
lutant epidemiology and laboratory toxicology also holds
promise.5,88

Legge notes in his comments the long-time con-
cern that inadequate priority is given to the measure-
ment and consideration of environmental stress and
damage relative to human health effects. Although ma-
terial damage and loss of ecological services are poten-
tially important economic factors that are relegated as
secondary drivers of risk, it is difficult to place a largely
esthetic issue such as visibility impairment as more
than a secondary factor, although the CAA directly
addresses it. As a practical matter, the authors chose to
limit their comments to human health issues in the
critical review,1 although considerable attention is
given to ecological issues in the NARSTO assessment.5

The NARSTO ecological review focused on the issues of
response of natural systems to O3, acid deposition, per-
sistent organic pollutants, and metal interactions, par-
ticularly Hg. Canada has taken the lead in the regula-
tory protection of ecosystems through such measures as
critical and target loads, whereas the United States has
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adopted emission reductions as the means for reducing
ecosystem exposure. In Mexico, considerations of eco-
system stress are just emerging as part of their AQM.

As for managed ecosystems, including agriculture,
the NARSTO co-chairs5 were unable to find a coauthor
to write about this important area. In the end, the
critical review authors relied on the “old saw” that, in
agriculture at least, one can manage stress or crop loss
from pollutant exposure by plant hybridization to in-
crease crop tolerance, or at worst by moving produc-
tion of sensitive crops away from areas of elevated
pollutant exposure. These measures of adaptation are
an element often neglected in the portfolio of manage-
ment options.

The critical review authors are surprised that the
discussants chose not to comment on climate air qual-
ity interactions in any detail, although Bachmann
makes this a point for future progress. Quite apart from
the air quality issues, climate forcing in its own right is
multipollutant in character. This is discussed briefly in
the NARSTO assessment.5 As an international problem
linked with world energy strategies, the issue appears to
be sidelined politically in the United States as of mid-
2010. Alternatively, innovative multipollutant ap-
proaches to reducing climate forcing may come from
looking at source-based risk reduction, as proposed by
Unger et al.184

Finally, the critical review authors thank the dis-
cussants for their additional comments on the problem
of accountability, recognizing the diversity of defini-
tions imbedded in this issue, which are especially noted
in Watson’s comments. Achieving the definition1,5 of
complete accountability in the sense of tying specific
AQM actions to specific improvements in public health
indicators is probably unrealistic in most cases. How-
ever, the authors believe that it is possible to move
farther down the accountability chain than is done
today.

Foley et al.185 examined accountability related to
achievement of a then new O3 standard. They consid-
ered completion of the accountability paradigm
through changes in health effects but abandoned this
part stating that it was impractical. Thus their account-
ability sequence terminated with some form of expo-
sure estimate. Foley et al.185 appeared a year before the
NRC report,11 but followed (without reference) the in-
troduction of this paradigm earlier by Demerjian et
al.186 and NARSTO.187
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