Policy Assessment for the Review of
the Secondary National Ambient Air
Quality Standards for Oxides of
Nitrogen and Oxides of Sulfur







EPA-452/R-11-005a
February 2011

Policy Assessment for the Review of the Secondary
National Ambient Air Quality Standardsfor Oxides of
Nitrogen and Oxides of Sulfur

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Health and Environmental | mpacts Division
Research Triangle Park, North Carolina



DISCLAIMER

This document has been reviewed by the Office of Air Quality Planning and Standards,
U.S. Environmental Protection Agency, and approved for publication. This final document has
been prepared by staff from the Office of Air Quality Planning and Standards, U.S.
Environmental Protection Agency. Any opinions, findings, conclusions, or recommendations are
those of the authors and do not necessarily reflect the views of the U.S. Environmental
Protection Agency. Mention of trade names or commercial products is not intended to constitute
endorsement or recommendation for use. Any questions or comments concerning this document
should be addressed to Richard Scheffe, U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, C304-02, Research Triangle Park, North Carolina 27711 (email:
scheffe.richard@epa.gov ).



mailto:scheffe.richard@epa.gov�

ACKNOWLEDGMENTS

This Policy Assessment is the product of the Environmental Protection Agency’s (EPA)
Office of Air Quality Planning and Standards (OAQPS), with important contributions from the
Office of Atmospheric Programs (OAP) and the Office of Research and Development’s (ORD)
National Center for Environmental Assessment (NCEA). Richard Scheffe led the team that was
responsible for the development of this document, which built upon earlier drafts of the
document that had been developed under the leadership of Bryan Hubbell. The principal authors
of chapter 2 on emissions, air and water quality are Richard Scheffe, Jason Lynch and Norm
Possiel. The principal authors of chapter 3 on deposition-related effects are Tara Greaver
(NCEA) and Meredith Lassiter (NCEA). The principal authors of chapter 4 on adversity to
public welfare are Christine Davis, David Evans (EPA, OP) and Brian Heninger (EPA, OP). The
principal author of chapter 5 on co-protection is Randy Waite. The principal authors of chapter 6
on adequacy of the standards are Ginger Tennant and Bryan Hubbell. The principal authors on
chapter 7, elements of the standard, are Richard Scheffe and Karen Martin. Appendix A,
analysis of critical loads, was developed under contract to RTI. Appendix B, critical load
modeling, was authored by Jason Lynch (OAP) and Tara Greaver (NCEA). Appendix C,
ecoregion atlas, was authored by Travis Smith. Appendix D, alternative standards, and
Appendix E, derivation of nitrate as an indicator for NOy, were authored by Richard Scheffe.
Appendix F on uncertainty was authored by Richard Scheffe, Adam Reff, Travis Smith, and
Norm Possiel. Appendix G on cumulative uncertainty analysis was authored by Travis Smith
and Lyle Burgoon (ORD-NHEERL). Critical review and editing of the document were provided
by Richard Scheffe, Travis Smith, Ginger Tennant, Randy Waite, and Karen Martin. Valuable
comments were also provided by John Hannon, Lea Anderson, and Steve Silverman from EPA’s
Office of General Counsel.

The principal analysts responsible for most of the computer programming, data base
management and calculations were Adam Reff, Jason Lynch, Tara Greaver, Bryan Hubbell, and
Travis Smith  Additional technical assistance was provided by Robin Dennis, Fred Dimmick,
Kristen Foley, Gary Lear, Russell Long, Rob Pinder, Joe Sickles, Joe Tikvart, and John Walker .
Especially noted are the conceptual contributions of Jason Lynch that led to the development of a
national data base of critical loads that provided a major infrastructure component for this
assessment. We also acknowledge the significant contributions of Anne Rea, who led the
development of the Risk and Exposure Assessement, and Tara Greaver, who led the
development of the Integrated Science Assessment, upon which this document is based.
Jacinthe Racine of the Canadian Meteorological Centre provided AURAMS air quality and
deposition data.

Earlier drafts of this document were reviewed by the Clean Air Scientific Advisory
Committee (CASAC). This document has been informed by the expert advice and comments
received from CASAC, as well as by public comments.






Policy Assessment for the Review of the Secondary National
Ambient Air Quality Standards for Oxides of Nitrogen and Sulfur

EXECUTIVE SUMMARY

Introduction

This Policy Assessment has been prepared by staff in the Environmental Protection Agency’s
(EPA) Office of Air Quality Planning and Standards (OAQPS) in conjunction with the Agency’s
ongoing joint review of the secondary (welfare-based) national ambient air quality standards
(NAAQS) for oxides of nitrogen and sulfur. This Policy Assessment evaluates the policy
implications of the key scientific information contained in the Integrated Science Assessment
(ISA) for Oxides of Nitrogen and Sulfur-Ecological Criteria, prepared by EPA’s National Center
for Environmental Assessment (NCEA), results from the analyses contained in the Risk and
Exposure Assessment (REA) for Review of the Secondary National Ambient Air Quality
Standards for Oxides of Nitrogen and Oxides of Sulfur, as well as additional staff analyses
conducted for and presented in this document. It presents staff conclusions regarding the
adequacy of the current NO, and SO, secondary standards as well as alternative standards for
consideration in this review.

This Policy Assessment is intended to help “bridge the gap” between the relevant scientific and
technical information and the judgments required of the EPA Administrator in determining
whether, and if so, how, it is appropriate to revise the secondary NAAQS for oxides of nitrogen
and sulfur. This Policy Assessment considers the available scientific evidence and quantitative
risk-based analyses, together with related limitations and uncertainties, and focuses on the basic
elements of air quality standards: indicator, averaging time, form, and level. These elements,
which serve to define each standard, must be considered collectively in evaluating the public
welfare protection afforded by the standards.

Scope

In conducting this periodic review of the secondary NAAQS for oxides of nitrogen and sulfur,
EPA has decided to jointly assess the scientific information, associated risks, and standards
because oxides of nitrogen and sulfur in the ambient air, and their associated transformation
products, such as deposited nitrogen and sulfur, are linked from an atmospheric chemistry
perspective, as well as jointly contributing to ecological effects.

For this Policy Assessment, we have chosen to focus much of our attention on effects in sensitive
aquatic ecosystems caused by acidifying deposition of nitrogen and sulfur, which is a
transformation product of oxides of nitrogen and sulfur in the ambient air. We have a high
degree of confidence in the linkages between atmospheric oxides of nitrogen and sulfur,
associated deposition of nitrogen and sulfur, and deposition-related aquatic acidification effects.
Our objective in this Policy Assessment is to develop a framework for a multi-pollutant,
multimedia standard that is ecologically relevant and reflects the combined impacts of these two
pollutants as they deposit to sensitive aquatic ecosystems.

In so doing, we recognize that a standard developed specifically to address aquatic acidification
would not likely provide targeted protection against other deposition-related ecological effects,
including effects related to terrestrial acidification and nutrient enrichment effects in sensitive
terrestrial and aquatic ecosystems. Nonetheless, it is likely that some additional protection from
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these other effects would result from reductions in atmospheric oxides of nitrogen and sulfur that
would likely occur in response to an ecologically relevant aquatic acidification standard.

In this Policy Assessment we use the term total reactive oxidized nitrogen, NQOy, as used by the
scientific community, to represent the complete set of oxidized nitrogen compounds. The major
gaseous and particulate constituents of NOy include nitric oxide (NO), nitrogen dioxide (NO,),
nitric acid (HNO3), peroxyacetyl nitrate (PAN), nitrous acid (HONO), organic nitrates, and
particulate nitrate (NOg3). In contrast, the term NOx more narrowly refers to the sum of NO, and
NO. Total oxides of sulfur include both gaseous substances [e.qg., sulfur dioxide (SO,), sulfur
monoxide (SO), sulfur trioxide (SOz), thiosulfate (S,03), and heptoxide (S,07)], as well as
particulate species, such as ammonium sulfate [(NH4)2SO,4]. Throughout this document, we
focus more narrowly on SOx, defined as the sum of SO, and particulate sulfate (SO,4), which
represent virtually all of the oxidized sulfur mass in the atmosphere.

Deposition-related Ecological Effects Associated with Oxides of Nitrogen and Sulfur

Deposition-related ecological effects are broadly categorized into those related to acidification
and nutrient enrichment. Acidification occurs in both aquatic and terrestrial ecosystems, with
most aquatic effects occurring in freshwater lakes and streams. Nutrient enrichment also occurs
in both aquatic and terrestrial ecosystems; however, the types and prevalence of nutrient
enrichment effects vary between freshwater and estuarine aquatic ecosystems.

In the acidification process, geochemical components of terrestrial and freshwater aquatic
ecosystems are altered in a way that leads to effects on biological organisms. Because oxides of
nitrogen and sulfur deposited to terrestrial ecosystems often move through the soil and
eventually leach into adjacent water bodies, deposition to terrestrial ecosystems is also a cause of
acidification in aquatic ecosystems.

The scientific evidence is sufficient to infer a strong causal relationship between acidifying
deposition and effects on biogeochemical processes and biota in aquatic ecosystems, and
between acidifying deposition and changes in biogeochemistry in terrestrial ecosystems.
Acidifying deposition is observed to alter sulfate and nitrate concentrations in surface waters,
acid neutralizing capacity (ANC), inorganic aluminum, and surface water pH. These changes
can result in the loss of acid-sensitive biological species such as salmonids and disrupt food web
dynamics causing alteration to the diet, breeding distribution and reproduction of certain species
of bird, such as goldeneye ducks and loons. Acidification in terrestrial ecosystems has been
shown to cause decreased growth and increased susceptibility to disease and injury in sensitive
tree species, including red spruce and sugar maple.

Principal factors governing the sensitivity of terrestrial and aquatic ecosystems to acidification
from sulfur and nitrogen deposition include geology, plant uptake of nitrogen, soil depth, and
elevation. Geologic formations having low base cation supply generally underlie the watersheds
of acid-sensitive lakes and streams. Other factors that contribute to the sensitivity of soils and
surface waters to acidifying deposition include topography, soil chemistry, land use, and
hydrologic flowpath. Chronic as well as episodic acidification tends to occur primarily at
relatively high elevations in areas that have base-poor bedrock, high relief, and shallow soils.

With regard to aquatic acidification, based on analyses of surface water data from freshwater
ecosystem surveys and monitoring, the most sensitive lakes and streams are contained in New
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England, the Adirondack Mountains, the Appalachian Mountains (northern Appalachian Plateau
and Ridge/Blue Ridge region), the mountainous West, and the Upper Midwest.

ANC is the most widely used indicator of acid sensitivity and has been found in various studies
to be the best single indicator of the biological response and health of aquatic communities in
acid sensitive systems. Annual or multi-year average ANC is a good overall indicator of
sensitivity, capturing the ability of an ecosystem to withstand chronic acidification as well as
episodic events such as spring melting that can lower ANC over shorter time spans. Biota are
generally not harmed when annual average ANC levels are > 100 microequivalents per liter
(neg/L). Atannual average ANC levels between 100 and 50 peg/L, the fitness of sensitive
species (e.g., brook trout, zooplankton) begins to decline. When annual average ANC is <50
neq/L, negative effects on aquatic biota are observed, including large reductions in diversity of
fish species, and declines in health of fish populations, affecting reproductive ability and fitness.
Annual average ANC levels below 0 peg/L are generally associated with complete loss of fish
species and other biota that are sensitive to acidification. An example of the relationship
between ANC level and aquatic effects based on lakes in the Adirondacks is illustrated in the
following figure.
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Recent studies indicate that acidification of lakes and streams can result in significant loss in
economic value, which is one indicator of adversity associated with loss of ecosystem services.
A 2006 study of New York residents found that they are willing to pay between $300 and $800
million annually for the equivalent of improving lakes in the Adirondacks region to an ANC
level of 50 peqg/L. Several states have set goals for improving the acid status of lakes and
streams, generally targeting ANC in the range of 50 to 60 peg/L, and have engaged in costly
activities to decrease acidification.

With regard to terrestrial acidification, forests of the Adirondack Mountains of New York,
Green Mountains of Vermont, White Mountains of New Hampshire, the Allegheny Plateau of
Pennsylvania, and high-elevation forest ecosystems in the southern Appalachians and
mountainous regions in the West are the regions most sensitive to acidifying deposition. The

ES-3



Policy Assessment for the Review of the Secondary National
Ambient Air Quality Standards for Oxides of Nitrogen and Sulfur

health of at least a portion of the sugar maple and red spruce growing in the United States may
have been compromised by acidifying total nitrogen and sulfur deposition in recent years. A
commonly used indicator of terrestrial acidification is the base cation-to-aluminum ratio, Bc/Al.
Many locations in sensitive areas of the U.S. have Bc/Al levels below benchmark levels we have
classified as providing low to intermediate levels of protection to tree health. At a Bc/Al ratio of
1.2 (intermediate level of protection), red spruce growth can be reduced by 20 percent. Ata
Bc/Al ratio of 0.6 (low level of protection), sugar maple growth can be reduced by 20 percent.
While not defining whether a 20 percent reduction in growth can be considered significant,
existing economic studies suggest that avoiding significant declines in the health of spruce and
sugar maple forests may be worth billions of dollars to residents of the Eastern U.S.

With regard to nutrient enrichment, the numerous ecosystem types that occur across the U.S.
have a broad range of sensitivity to nitrogen deposition. Organisms in their natural environment
are commonly adapted to a specific regime of nutrient availability. Change in the availability of
one important nutrient, such as nitrogen, may result in imbalances in ecosystems, with effects on
ecosystem processes, structure and function. In certain nitrogen-limited ecosystems, including
many ecosystems managed for commercial production, nitrogen deposition can result in
beneficial increases in productivity. Nutrient enrichment effects from deposition of oxides of
nitrogen are difficult to disentangle from overall effects of nitrogen enrichment. This is caused
by two factors: the inputs of reduced nitrogen from deposition and, in estuarine ecosystems, a
large fraction of nitrogen inputs from non-atmospheric sources.

Adequacy of the Existing NO, and SO, Standards

Current NO, and SO, secondary standards are designed to protect against direct exposure of
vegetation to ambient concentrations of oxides of nitrogen and sulfur. All areas of the U.S.
currently meet the existing NO, and SO, secondary standards. The NO, secondary standard is
0.053 parts per million (ppm), annual arithmetic average, calculated as the arithmetic mean of
the 1-hour NO, concentrations. The SO, secondary standard is a 3-hour average of 0.5 ppm, not
to be exceeded more than once per year. Based on currently available information, staff
concludes that the current secondary standards serve to protect vegetation from direct damage
associated with exposures to gaseous SO, and NO, and thus consideration should be given to
retaining the current standards for that purpose.

With regard to aquatic acidification, recent data indicate that in the Adirondacks and
Shenandoah areas, rates of acidifying deposition of oxides of nitrogen and sulfur are still well
above pre-acidification (1860) conditions. Forty-four percent of Adirondack lakes evaluated
exceed the critical load for an ANC of 50 peq/L, and in these lakes recreationally important fish
species such as trout are missing due to acidification. In the Shenandoah area, 85 percent of
streams evaluated exceed the critical load for an ANC of 50 peq/L, resulting in losses in fitness
in species such as the Blacknose Dace.

With regard to terrestrial acidification, the REA evaluated a small number of sensitive areas as
case studies. In the sugar maple case study area (Kane Experimental Forest, Pennsylvania),
recent (2002) deposition levels are associated with a Bc/Al ratio below 1.2, indicating the
potential for a greater than 20 percent reduction in growth. In the red spruce case study area
(Hubbard Brook Experimental Forest, New Hampshire), recent deposition levels are associated
with a Bc/Al ratio slightly above 1.2, indicating slightly less potential for significant reductions
in growth. When the methodology was extended to a 27-state region, the calculated Bc/Al ratio
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fell below 1.2 in 12% of the sugar maple plots and 5% of the red spruce plots; however, results
from individual states ranged from 0 to 67% of the plots for sugar maple and 0 to 100% of the
plots for red spruce fell below the Bc/Al ratio of 1.2.

Available ecological indicators for estuarine nutrient enrichment are not sufficiently sensitive to
changes in atmospheric nitrogen oxides to be of use in assessing the adequacy of the current NO,
secondary standard. Atmospheric nitrogen oxides can be an important contributor of nitrogen to
estuarine nutrient enrichment, but additional analysis would be required to develop an
appropriate indicator for assessing levels of protection from nutrient enrichment effects in
estuaries related to deposition of nitrogen oxides.

Nitrogen deposition can alter species composition and cause eutrophication in freshwater
systems. In the Rocky Mountains, for example, deposition loads of 1.5 to 2 kg/ha/yr, which are
within the range associated with ambient nitrogen oxide levels meeting the current standard, are
known to cause changes in species composition in diatom communities indicating impaired
water quality.

With regard to terrestrial nutrient enrichment, most terrestrial ecosystems in the U.S. are
nitrogen-limited, and therefore they are sensitive to perturbation caused by nitrogen additions.
Under recent conditions, nearly all of the known sensitive mixed conifer forest ecosystems
receive total nitrogen deposition levels above 3.1 N kg/ha/yr, which is the ecological benchmark
for changes in lichen species. Lichens are sentinels for broader ecosystem change in terrestrial
systems. Some portions of the Sierra Nevadas receive total nitrogen deposition levels above 5.2
N kg/ha/yr, which is the ecological benchmark for shifts in the dominant species of lichen from
acidophytic to tolerant species. In addition, in Coastal Sage Scrub ecosystems in California,
nitrogen deposition exceeds the 3.3 N kg/ha/yr benchmark above which nitrogen is no longer a
limiting nutrient, leading to potential alterations in ecosystem composition.

Based on the above considerations, staff concludes that currently available scientific evidence
and assessments clearly call into question the adequacy of the current standards with regard to
deposition-related effects on sensitive aquatic and terrestrial ecosystems, including acidification
and nutrient enrichment. Further, staff recognizes that the elements of the current standards --
indicator, averaging time, level and form — are not ecologically relevant, and are thus not
appropriate for standards designed to provide such protection. Thus, staff concludes that
consideration should be given to establishing a new ecologically relevant multi-pollutant,
multimedia standard to provide appropriate protection from deposition-related ecological effects
of oxides of nitrogen and sulfur on sensitive ecosystems, with a focus on protecting against
adverse effects associated with acidifying deposition in sensitive aquatic ecosystems.

Design of an Ecologically Relevant Standard for Aquatic Acidification

The graphic below depicts the framework within which we are considering the structure of an
ecologically relevant secondary standard for aquatic acidification. This conceptual diagram
illustrates how an ecological indicator is linked to concentrations of ambient air indicators of
oxides of nitrogen and sulfur through deposition.
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Linking atmospheric

oxides of S and N deposition to
ecological indicator

Ecological effects and Linking deposition to “allowable”
ecological indicator concentrations of NOy and SOx
(ANC)

This Policy Assessment is organized around this conceptual framework. It presents our current
understanding of the ecological and atmospheric factors that modify the impacts of deposited
oxides of nitrogen and sulfur on sensitive ecosystems. Applying this framework has resulted in
the development of a new ecologically relevant standard that incorporates multi-pollutant and
multimedia attributes in linking ambient air indicators of oxides of nitrogen and sulfur to an
ecological indicator through atmospheric deposition. There are three main components of the
conceptual design of the standard: (1) linkage between ecological indicators and ecological
effects, (2) linkage between an ecological indicator and atmospheric deposition, and (3) linkage
between deposition and ambient air indicators.

In this Policy Assessment, the focus is on developing a standard that protects against ecological
effects associated with acidifying deposition of oxides of nitrogen and sulfur in aquatic
ecosystems, recognizing that both oxides of nitrogen and sulfur are major contributors to aquatic
acidification and that acidification of aquatic ecosystems is best characterized and understood in
terms of the combined rather than individual effects of oxides of nitrogen and sulfur. In addition,
there is a well developed body of scientific evidence linking the deposition of ambient oxides of
nitrogen and sulfur to acidification in sensitive aquatic ecosystems. While we conclude that the
available information and assessments are only sufficient to support the development of a
national standard specifically to address aquatic acidification at this time, we recognize that this
general conceptual framework could likely be applied to a broader set of deposition-related
effects in the future.

In focusing on the effects of acidifying deposition on aquatic ecosystems, with respect to linking
ecological indicators to adverse effects of fish mortality and decreased species diversity, staff
concludes that ANC is the most appropriate ecological indicator to consider. ANC is the most
widely used chemical indicator of acid sensitivity in aquatic ecosystems and has been found
through numerous studies to be the best single indicator of the biological response and health of
aquatic communities in acid sensitive ecosystems. Furthermore, ANC can be directly linked to
both underlying water chemistry, e.g. pH and aluminum, and to biological impairment,
specifically fish mortality and the number of fish species in a water body.

With respect to linking atmospheric deposition to the ecological indicator, staff concludes that
steady state ecosystem acidification modeling that calculates critical loads is the appropriate
methodology to link atmospheric deposition with ANC. A critical load for acidity is the amount
of acidifying deposition beyond which a water body cannot achieve and sustain a target ANC
level. Critical loads reflect the relative sensitivity to acidification of a water body within a
distribution of water bodies.

With respect to linking deposition to ambient air concentrations, staff has developed the concept
of transference ratios, which are the ratio of deposition to ambient air concentration, as an
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appropriate approach to use in linking deposition to ambient air concentrations. Representative
transference ratios that are averaged annually and over a specified spatial area have been

developed for oxides of nitrogen and oxides of sulfur based on simulations using EPA’s
Community Multiscale Air Quality (CMAQ) model.

Staff Consideration of Alternative Standards for Aquatic Acidification

In applying the framework that reflects these three fundamental linkages, staff has developed an
ecologically relevant standard for aquatic acidification in terms of the basic elements that
together define a NAAQS: ambient air indicator, form, averaging time, and level.

With regard to ambient air indicators, staff concludes that consideration should be given to using
total reactive oxidized nitrogen, NOy, as the ambient air indicator for oxides of nitrogen and the
sum of gaseous sulfur dioxide (SO,) and particulate sulfate (SO,), referred to in this assessment
as SOy, as the ambient air indicator for oxides of sulfur,

With regard to the form of such a multi-pollutant, deposition-related standard, staff concludes
that consideration should be given to an ecologically relevant form that characterizes the
relationships between the ambient air indicators for oxides of nitrogen and sulfur, the related
deposition of nitrogen and sulfur, and the associated aquatic acidification effects in terms of the
ecological indicator ANC.

Staff has developed such a form, termed an aquatic acidification index (AAl), using a simple
equation to calculate an AAI value in terms of the ambient air indicators NOy and SOx and the
relevant ecological and atmospheric factors that modify the relationships between the ambient air
indicators and ANC. This AAI reflects the difference between the natural acid neutralizing
capability of a region and acidifying deposition inputs from NOy and SOx in the ambient air.
Recognizing the spatial variability of such factors across the U.S., we conclude it is appropriate
to divide the country into ecologically relevant regions, characterized as acid sensitive or
relatively non-acid sensitive, and specify the value of each of the factors in the AAI equation for
each such region.

With regard to approaches to defining such ecologically relevant regions, staff concludes that
consideration should be given to using Omernik Ecoregions, level I11, as the appropriate set of
regions over which to define the AAI. There are 84 such level 111 ecoregions that cover the
continental U.S. This set of ecoregions is based on grouping a variety of vegetation, geological,
and hydrological attributes that are directly relevant to aquatic acidification assessments and that
allow for a practical application of an aquatic acidification standard on a national scale. The
figure below illustrates the Omernik ecoregions with the level 111 delineations defined by the
different colored areas within each level Il group.
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Omernik Ecoregion Il Index Map
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With regard to an equation that would define the AAI, staff concludes that consideration should
be given to the following equation, which defines the AALI in terms of four ecological and
atmospheric factors and the ambient air indicators NOy and SOx:

AAl = F1-F2—F3[NO,] - FA[SO,]

In summary, in this equation F; represents the ecosytems natural ability to provide acid
neutralizing capacity and to neutralize nitrogen deposition through plant uptake and other
processes; F, represents acidifying deposition associated with reduced forms of nitrogen, NHXx;
and F3 and F, are the transference ratios that convert concentrations of NOy and SOx to related
deposition of nitrogen and sulfur. The AALI is constructed from steady state ecosystem modeling,
the atmospheric transference ratios, and incorporation of reduced froms of nitrogen deposition
(ammonia gas and ammonium ion, expressed as NHXx), recognizing that ecosystems respond to
total nitrogen deposition, whether from oxidized or reduced forms of nitrogen.

Factors F1 through F4 would be defined for each ecoregion by specifying ecoregion-specific
values for each factor based on monitored or modeled data that are representative of each
ecoregion. The F1 factor is also defined by a target ANC value. More specifically:
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(@)

F1 reflects a relative measure of an ecosystem’s ability to neutralize acidifying
deposition. The value of F1 for each ecoregion would be based on a representative
critical load for the ecoregion associated with a single national target ANC level, as well
as a representative runoff rate. The representative runoff rate, which is also used in
specifying values for the other factors, would be the median value of the distributions of
runoff rates within the ecoregion. The representative critical load would be derived from
a distribution of critical loads calculated for each water body in the ecoregion for which
sufficient water quality and hydrology data are available. The representative critical load
would be defined by selecting a specific percentile of the distribution.

In identifying a range of percentiles that are appropriate to consider for this purpose, we
have considered regions characterized as acid sensitive separately from regions
characterized as relatively non-acid sensitive. For acid sensitive regions, we conclude
that consideration should be given to selecting a percentile value from within the range of
the 70" to the 90" percentile. The lower end of this range was selected to be appreciably
above the median value so as to ensure that the critical load would be representative of
the population of relatively more acid sensitive water bodies within the region, while the
upper end was selected to avoid the use of a critical load from the extreme tail of the
distribution which is subject to a high degree of variability and potential outliers. For
relatively non-acid sensitive regions, we conclude that consideration should be given to
selecting the 50" percentile to best represent the distribution of water bodies within such
a region, or alternatively to using the median critical load of all relatively non-acid
sensitive areas, recognizing that such areas are far less frequently evaluated than acid
sensitive areas. Using either of these approaches would avoid characterizing a generally
non-acid sensitive region with a critical load that is representative of relatively acid
sensitive water bodies that may exist within a generally non-acid sensitive region.

(b) F2 reflects the deposition of reduced nitrogen. Consideration should be given to

(©)

specifying the value of F2 for each region based on the averaged modeled value across
the region, using national CMAQ modeling that has been conducted by EPA.
Consideration could also be given to alternative approaches to specifying this value, such
as allowance for the use of air quality modeling conducted by States using more refined
model inputs.

F3 and F4 reflect transference ratios that convert ambient air concentrations of NO, and
SOy, respectively, into related deposition of nitrogen and sulfur. Consideration should be
given to specifying the values for F3 and F4 for each region based on CMAQ modeling
results averaged across the region. We conclude that specifying the values for the
transference ratios based on CMAQ modeling results alone is preferred to an alternative
approach that combines CMAQ model estimates with observational data.

(d) The terms [NO,] and [SO,] reflect ambient air concentrations measured at monitoring

sites within each region.

With regard to averaging time, staff concludes that consideration should be given to averaging
calculated annual AALI values over 3 to 5 years to provide reasonable stability in the resulting
index value, in light of the relatively high degree of interannual variability expected in an index
that is strongly related to the amount and pattern of precipitation that occurs within a region from
year to year.

ES-9



Policy Assessment for the Review of the Secondary National
Ambient Air Quality Standards for Oxides of Nitrogen and Sulfur

With regard to the level of a standard based on the above indicators, alternative forms, and
averaging times, staff concludes that consideration should be given to a level within the range of
20 to 75 peg/L. Inreaching this conclusion, staff has considered the available information that
links specific ANC levels to various types of acidification-related effects, and the uncertainties
inherent in such linkages, and the severity of such effects, in sensitive ecosystems, as well as the
extent to which such effects could reasonably be judged to be important from a public welfare
perspective. This range also reflects consideration of the extent to which such a standard would
protect against not only long-term but also episodic acidification, as well as the time lag in
ecosystem response to changes in deposition that may result from such a standard. Relatively
more protection from both long-term and episodic acidification would be provided by a standard
in the mid- to upper part of this range, which would also accelerate the time frame in which the
target ANC level would likely be reached in some sensitive ecosystems. This range also
encompasses target ANC values that have been established by various States and regional and
international organizations to protect against acidification of aquatic ecosystems.

Based on the evidence and assessments in the ISA and REA, we conclude that a target ANC
value of 20 peg/L is a reasonable lower end of this range, so as to protect against chronic
acidification-related adverse impacts on fish populations which have been characterized as
severe at ANC values below this level. Further, we conclude that a target ANC value of 75
peg/L is a reasonable upper end of this range in recognition that the potential for additional
protection at higher ANC values is substantially more uncertain in light of evidence that
acidification-related effects are far less sensitive to increases in ANC above this value.

As defined above, an aquatic acidification standard would be interpreted as follows: the standard
would be met at a monitoring site when the measured annual-average concentrations of NOy and
SOy are such that the value of the annual AAI, averaged over 3 to 5 years, is equal to or greater
than the level of the standard, when using the region-specific values of factors F1 through F4 for
the ecoregion in which the monitor is located.
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