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Hg’ elemental mercury

HNO; nitric acid
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Key Terms

NADP National Atmospheric Deposition Program
NAPAP National Acid Precipitation Assessment Program
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NO nitric oxide
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NOy, total oxidized nitrogen

NPP net primary productivity

NRC National Research Council
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OAQPS Office of Air Quality Planning and Standards
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REA Risk and Exposure Assessment
RSM response-surface model

S,05 thiosulfate

S,04 heptoxide

SAV submerged aquatic vegetation
SFq sulfur hexafluoride

SO sulfur monoxide

SO, sulfur dioxide

SO; sulfur trioxide

SOq4 wet sulfate

SOM soil organic matter

SOy sulfur oxides

SRB sulfate-reducing bacteria

TP total phosphorus

USGS U.S. Geological Survey

VOC volatile organic carbon

ug/m’ micrograms per cubic meter
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Acidification: The process of increasing the acidity of a system (e.g., lake, stream, forest soil).
Atmospheric deposition of acidic or acidifying compounds can acidify lakes, streams,

and forest soils.

Adverse Effect: The response or component of an ecosystem that is deemed harmful in its

function.

Air Quality Indicator: The substance or set of substances (e.g., PMa s, NO,, SO,) occurring in
the ambient air for which the National Ambient Air Quality Standards set a standard level

and monitoring occurs.

Alpine: The biogeographic zone made up of slopes above the tree line, characterized by the
presence of rosette-forming herbaceous plants and low, shrubby, slow-growing woody

plants.

Acid Neutralizing Capacity: A key indicator of the ability of water to neutralize the acid or
acidifying inputs it receives. This ability depends largely on associated biogeophysical
characteristics, such as underlying geology, base cation concentrations, and weathering

rates.

Arid Region: A land region of low rainfall, where “low” is widely accepted to be less than

250 mm precipitation per year.

Assessment Endpoint: An ecological entity and its attributes that are considered welfare effects,

as defined in Clean Air Act Section 302(h), and that are analyzed in the assessment.

Base Cation Saturation: The degree to which soil cation exchange sites are occupied with base
cations (e.g., Ca*", Mg*", K) as opposed to AI’" and H'. Base cation saturation is a
measure of soil acidification, with lower values being more acidic. There is a threshold
whereby soils with base saturations less than 20% (especially between 10%-20%) are

extremely sensitive to change.
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Biologically Relevant Indicator: A physical, chemical, or biological entity/feature that
demonstrates a consistent degree of response to a given level of stressor exposure and
that is easily measured/quantified to make it a useful predictor of biological,

environmental, or ecological risk.

Critical Load: A quantitative estimate of an exposure to one or more pollutants, below which
significant harmful effects on specified sensitive elements of the environment do not

occur, according to present knowledge.

Denitrification: The anaerobic reduction of oxidized nitrogen (e.g., nitrate or nitrite) to gaseous

nitrogen (e.g., N>O or N;) by denitrifying bacteria.

Dry Deposition: The removal of gases and particles from the atmosphere to surfaces in the

absence of precipitation (e.g., rain, snow) or occult deposition (e.g., fog).

Ecological Dose: The concentration of a toxicant that inhibits a microbe-mediated ecological

process by a designated percentage; for example, ED50 inhibits 50%.
Ecological Exposure: The exposure of a nonhuman organism to an environmental stressor.

Ecological Risk: The likelihood that adverse ecological effects may occur or are occurring as a

result of exposure to one or more stressors (U.S. EPA, 1992).

Ecological Risk Assessment: A process that evaluates the likelihood that adverse ecological
effects may occur or are occurring as a result of exposure to one or more stressors (U.S.

EPA, 1992).

Ecosystem: The interactive system formed from all living organisms and their abiotic (i.e.,
physical and chemical) environment within a given area. Ecosystems cover a hierarchy of
spatial scales and can comprise the entire globe, hiomes at the continental scale, or small,

well-circumscribed systems such as a small pond.

Ecosystem Benefit: The value, expressed qualitatively, quantitatively, and/or in economic terms,
where possible, associated with changes in ecosystem services that result either directly

or indirectly in improved human health and/or welfare. Examples of ecosystem benefits
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that derive from improved air quality include improvements in habitats for sport fish

species, the quality of drinking water and recreational areas, and visibility.
Ecosystem Function: The processes and interactions that operate within an ecosystem.

Ecosystem Services: The ecological processes or functions having monetary or non-monetary
value to individuals or society at large. These are (1) supporting services, such as
productivity or biodiversity maintenance; (2) provisioning services, such as food, fiber, or
fish; (3) regulating services, such as climate regulation or carbon sequestration; and (4)

cultural services, such as tourism or spiritual and aesthetic appreciation.

Elasticity: The percentage of change in the response variable for a 1% change in the input

physical or meteorological characteristic.

Eutrophication: The process by which nitrogen additions stimulate the growth of autotrophic

biota, usually resulting in the depletion of dissolved oxygen.

Greenhouse Gas: Those gaseous constituents of the atmosphere, both natural and
anthropogenic, that absorb and emit radiation at specific wavelengths within the spectrum
of infrared radiation emitted by the earth’s surface, the atmosphere, and clouds. This
property causes the greenhouse effect. Water vapor (H,O), carbon dioxide (CO,), nitrous
oxide (N,0O), methane (CHy), and ozone (O;) are the primary greenhouse gases in the
earth’s atmosphere. In addition to CO,, N,O, and CHy, the Kyoto Protocol deals with the
greenhouse gases sulfur hexafluoride (SFs), hydrofluorocarbons (HFCs), and

perfluorocarbons (PFCs).
Key Elements of a Secondary National Ambient Air Quality Standard
(a) Indicator

(1) Atmospheric indicator (for a secondary NAAQS): The air pollutant(s) whose
concentration(s) in the ambient air is (are) measured for purposes of determining
compliance with the standard. This indicator may either be the actual criteria air pollutant
listed in the Clean Air Act or an appropriate surrogate. For example, NO, is the current

indicator for the primary and secondary NOx NAAQS and represents all oxides of
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nitrogen, while the current indicator for the primary and secondary SOx NAAQS is SO,,

representing all oxides of sulfur.

(2) Ecological Indicator: A characteristic of an ecosystem that can provide quantitative
information on its ecological condition. An indicator can be or contribute to a measure of
integrity and sustainability. For example, one indicator of increasing acidification effects
in an aquatic ecosystem is a decrease in acid neutralizing capacity (ANC). As a result, a
reduction in ANC can lead to acidification of stream water and thereby changes to fish

community structure, a good indicator of overall stream health.

(b) Level (of a secondary NAAQS): The specified value of the indicator or metric (see
definition below) that is judged requisite to protect the public welfare from any known or
anticipated adverse effects associated with the presence of the criteria pollutant in
ambient air. The current level of the secondary NO, NAAQS indicator is 0.053 ppm
(same as primary). The current level of the secondary SO, NAAQS indicator is 0.5 ppm.
The level of the W126 metric proposed in the 2007 O3 Secondary NAAQS proposal was
21 ppm-hrs.

(c) Averaging Time (for a secondary NAAQS): The period of time over which
exposure to metric values at or above the level of the standard is considered relevant.
Over that time period, concentrations are averaged or cumulated to determine whether the
level of the standard has been met. Examples include 3-hour, 8-hour, 24-hour, seasonal,
or annual averages. The current averaging time for the secondary NO, NAAQS is a year.

The current averaging time for the secondary SO, NAAQS is 3 hours.

(d) Form (of a secondary NAAQS): The statistical characteristics of a standard that
determine the stringency, stability, and robustness of that standard when implemented.
For example, the current secondary O; standard is set at the level of 0.075 ppm averaged
over an 8-hour period. To attain this standard, however, only the 3-year average of the
fourth highest daily maximum (rather than the maximum itself) 8-hour average Os
concentrations measured at each monitor within an area over each year is compared to the

level of the standard and must not exceed 0.075 ppm. The current form of the secondary
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NO,; NAAQS is the annual arithmetic mean. The current form of the secondary SO,

NAAQS is not to be exceeded more than once per year.

Nitrogen Enrichment: The process by which a terrestrial system becomes enhanced by nutrient
additions to a degree that stimulates the growth of plant or other terrestrial biota, usually

resulting in an increase in productivity.

Nitrogen Saturation: The point at which nitrogen inputs from atmospheric deposition and other
sources exceed the biological requirements of the ecosystem; a level beyond nitrogen

enrichment.

Occult Deposition: The removal of gases and particles from the atmosphere to surfaces by fog

or mist.

Semi-arid Regions: Regions of moderately low rainfall, which are not highly productive and are
usually classified as rangelands. “Moderately low” is widely accepted as between 100-

and 250-mm precipitation per year.

Sensitivity: The degree to which a system is affected, either adversely or beneficially, by an
effect of NOy and/or SOy pollution (e.g., acidification, nutrient enrichment). The effect
may be direct (e.g., a change in growth in response to a change in the mean, range, or
variability of nitrogen deposition) or indirect (e.g., changes in growth due to the direct
effect of nitrogen consequently altering competitive dynamics between species and

decreased biodiversity).

Target Load: A policy-based metric that takes into consideration such factors as economic costs
and time frame for emissions reduction. This can be lower than the critical load if a very
sensitive area is to be protected in the short term, especially if deposition rates exceed

critical loads.

Total Reactive Nitrogen: This includes all biologically, chemically, and radiatively active
nitrogen compounds in the atmosphere and biosphere, such as NHj3, NH,", NO, NO,,

HNO;, N>O, NOs ', and organic compounds (e.g., urea, amines, nucleic acids).
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Valuation: The economic or non-economic process of determining either the value of
maintaining a given ecosystem type, state, or condition, or the value of a change in an

ecosystem, its components, or the services it provides.

Variable Factors: Influences which by themselves or in combination with other factors may

alter the effects on public welfare of an air pollutant (section 108 (a)(2))

(a) Atmospheric Factors: Atmospheric conditions that may influence transformation,
conversion, transport, and deposition, and thereby, the effects of an air pollutant on
public welfare, such as precipitation, relative humidity, oxidation state, and co-pollutants

present in the atmosphere.

(b) Ecological Factors: Ecological conditions that may influence the effects of an air
pollutant on public welfare once it is introduced into an ecosystem, such as soil base
saturation, soil thickness, runoff rate, land use conditions, bedrock geology, and

weathering rates.

Vulnerability: The degree to which a system is susceptible to, and unable to cope with, the

adverse effects of NOy and/or SOy air pollution.

Welfare Effects: The effects on soils, water, crops, vegetation, man-made materials, animals,
wildlife, weather, visibility, and climate; as well as damage to and deterioration of
property, hazards to transportation, and the effects on economic values and on personal
comfort and well-being, whether caused by transformation, conversion, or combination

with other air pollutants (Clean Air Act Section 302[h]).

Wet Deposition: The removal of gases and particles from the atmosphere to surfaces by rain or

other precipitation.

DRAFT XVi August 2008



O 0 9 N n B~ W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Chapter 1 — Introduction

1. INTRODUCTION

1.1 RATIONALE AND BACKGROUND FOR JOINT REVIEW

The U.S. Environmental Protection Agency (EPA) is conducting a joint review of the
existing secondary (welfare-based) National Ambient Air Quality Standards (NAAQS) for
nitrogen oxides (NOy) and sulfur oxides (SOx), which are currently defined in terms of nitrogen
dioxide (NO,) and sulfur dioxide (SO,), respectively.! Sections 108 and 109 of the Clean Air Act
(CAA or the Act) govern the establishment and periodic review of the NAAQS and of the air
quality criteria upon which the standards are based. The NAAQS are established for pollutants
that may reasonably be anticipated to endanger public health or welfare and whose presence in
the ambient air results from numerous or diverse mobile or stationary sources. The NAAQS are
based on air quality criteria that reflect the latest scientific knowledge, useful in indicating the
kind and extent of identifiable effects on public health or welfare that may be expected from the
presence of the pollutant in ambient air. Based on periodic reviews of the air quality criteria and
standards, EPA makes revisions to the criteria and standards and promulgates any new standards
as may be appropriate. The Act also requires that an independent scientific review committee
advise the Administrator as part of this NAAQS review process, a function now performed by
the Clean Air Scientific Advisory Committee (CASAC).

In conducting this periodic review of the NO, and SO, secondary NAAQS, EPA has
decided to jointly assess the scientific information, associated risks, and standards relevant to
protecting the public welfare from adverse effects associated with NOy and SOx. As noted below
in Section 1.2, EPA has historically defined the NAAQS for these pollutants in terms of the
specific compounds NO, and SO,, which serve as the indicators of the broader set of compounds
that comprise NOy and SOy, respectively. The species of nitrogen and sulfur compounds and the
types of related ecological effects that are being considered within the scope of this review are
discussed below in Section 1.3. A joint review of these pollutants is being conducted because
NOx, SOy, and their associated transformation products are linked from an atmospheric
chemistry perspective, as well as from an environmental effects perspective, and because the
National Research Council (NRC) has recommended that EPA consider multiple pollutants, as

appropriate, in forming the scientific basis for the NAAQS (NRC, 2004). This is the first time

I EPA is also conducting separate reviews of the primary (health-based) NAAQS for NO, and SO,.
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since NAAQS were established in 1971 that a joint review of these two pollutants has been
conducted. There is a strong basis for considering these pollutants together at this time, building
upon EPA’s and CASAC’s past recognition of the interactions of these pollutants and on the
growing body of scientific information that is now available related to these interactions and
associated ecological effects. A series of policy-relevant questions that help to frame this review
are presented below in Section 1.4, together with an overview of how secondary NAAQS for
NOy and SO might be structured to reflect the complex interactions among relevant species of
these pollutants in an ecologically meaningful way.

As discussed in the Act (section 109(b)(2)), the purpose of a secondary NAAQS is to
protect the public welfare from any known or anticipated adverse effects associated with the
presence of such air pollutants in the ambient air. An adverse public welfare effect from a policy
perspective may not be the same as an adverse ecological effect from a scientific perspective.
While adversity to ecological systems from a scientific perspective will be used to inform the
Administrator’s decision, the degree of change in an ecological indicator that corresponds to an
adverse public welfare effect is ultimately decided by the Administrator. For example, levels of
acid neutralizing capacity (ANC) below 100 may be a useful scientific indicator of ecological
adversity for an array of ecological endpoints of concern. By considering this complete array of
information on impacts, the Administrator makes the final determination on the specific level of
ANC that will protect the public welfare from any known or anticipated adverse effects. Adverse
public welfare effects are based on an assessment of how ecologically adverse impacts translate
into adverse impacts on the public welfare. Adversity is not explicitly defined in the CAA:
however, it can be inferred that adverse ecological impacts must have some corresponding
impact on the well-being of human populations, through reductions in ecosystems services that
might include direct services to humans (e.g., flood control) or indirect services (e.g., provision
of habitat for endangered species).

This joint review is organized according to the Agency’s current NAAQS review process,
which consists of four major components and related documents: an Integrated Review Plan, an
Integrated Science Assessment (ISA), a Risk and Exposure Assessment (REA), and a policy
assessment and rulemaking notices. The Integrated Review Plan (EPA, 2007) provides the
framework and schedule for this review and identifies policy-relevant questions to be addressed

in the other components of the review. The second draft ISA (EPA, 2008), released for CASAC
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and public review on August 11, 2008, provides an integrative assessment of the relevant
scientific information and forms the scientific basis for the assessments presented in this draft
REA document. This first draft REA describes the progress to date on the assessments being
conducted as part of the third component of the review process. To view related documents
developed as part of the planning and science assessment phases of this review (e.g., integrated
review plan, draft ISA), see http://www.epa.gov/ttn/naaqs/standards/no2so2sec/index.html.

This risk and exposure assessment, when complete, will evaluate the exposures of
ecological receptors to both ambient and deposited species of NOy and SOy as well as their
transformation products (including reduced forms of ambient nitrogen), and assess, both
quantitatively and qualitatively, the risks associated with these exposures. Where possible, we
will characterize the contributions of various sources and forms of atmospheric nitrogen to these
risks. The final risk and exposure assessment will be organized as follows (See Attachment 1 for
a more detailed working outline), which, to the degree possible, is also reflected in this
document:

= Chapter 1 provides an overview of this review; a history of past reviews and other
relevant scientific assessments and Agency actions; a discussion of the scope of this joint

NOy and SOy review; and a series of policy-relevant questions, together with an overview

of how secondary NAAQS for NO, and SOy might be structured.

= Chapter 2 provides an overview of the risk and exposure assessment, including the scope
and approach to assessing current conditions for a targeted effect, a summary of case
study locations, initial progress on identifying ecosystem services, and a discussion on

addressing uncertainly throughout the review.

= Chapter 3 addresses the relevant air quality issues associated with this review, including
the sources, emissions, and deposition of total reactive nitrogen and sulfur, and the
current contributions to ambient conditions. Both spatial and temporal characterizations
of ambient concentrations of nitrogen and sulfur and the contributions of ambient

concentrations of nitrogen and sulfur to deposition are explored in select case study areas.

= Chapter 4 focuses on acidification, with an overview of the relevant science and
progress on assessing current conditions in select case study locations for both aquatic
and terrestrial acidification. (Note: For this draft, this information is included in

Attachments 2, 3, and 4)
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= Chapter 5 focuses on nitrogen nutrient enrichment, with an overview of the relevant
science and progress on assessing current conditions in select case study locations for
both aquatic and terrestrial nitrogen nutrient enrichment. (Note: For this draft, this

information is included in Attachments 2, 5, and 6)

= Chapter 6 addresses additional effects, including a qualitative discussion on the
interactions between sulfur and methylmercury production; nitrous oxide; and carbon

sequestration.

= Chapter 7 synthesizes the case study results and presents them in the context of a
scientific structure that links fundamental scientific elements needed for a secondary

standard based on a suite of ecological indicators.

= Chapter 8 explores more specifically how a secondary NAAQS might be structured to

address the targeted ecological effects discussed in the risk assessment.

= Chapter 9 includes a brief list of ongoing analyses for the second draft of this risk

assessment.

Due to the very tight schedule under which this review is being conducted, some of the
analyses we anticipated for this first draft risk and exposure assessment are as yet incomplete.
Currently, the case study analyses have been initiated, but not completed. Our progress on
identifying sensitive areas for each targeted effect and the case study analyses are included as
Attachments 2 through 6. As the analyses progress, summaries of the case study analyses will be
presented in Chapters 4 and 5 of the second draft risk and exposure assessment. This first draft
also includes in Chapter 9 a brief list of ongoing analyses to be presented in the second draft risk
and exposure assessment. Please note that Chapters 7 and 8 are not available for public review at
this time. We anticipate that, if available, Chapters 7 and 8 will be released no later than the
week of September 15, 2008. Otherwise, they will be included in the second draft risk and
exposure assessment. The second draft of this document will also describe the assessment of

risks and exposures associated with just meeting potential alternative standards.
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1.2 HISTORY

1.2.1 History of the Secondary NO; NAAQS

On April 30, 1971, EPA promulgated identical primary and secondary NAAQS for NO,
under Section 109 of the CAA. The standards were set at 0.053 parts per million (ppm), annual
average (36 FR 8186). In 1982, EPA published Air Quality Criteria for Oxides of Nitrogen (U.S.
EPA, 1982), which updated the scientific criteria for NOx, upon which the initial NO, standards
were based. On February 23, 1984, EPA proposed to retain these standards (49 FR 6866). After
taking into account public comments, EPA published the final decision to retain these standards
on June 19, 1985 (50 FR 25532).

On July 22, 1987, EPA announced that it was undertaking plans to revise the 1982 air
quality criteria (52 FR 27580). In November 1991, EPA released an updated draft air quality
criteria document for CASAC and public review and comment (56 FR 59285). The draft
document provided a comprehensive assessment of the available scientific and technical
information on health and welfare effects associated with NO, and other oxides of nitrogen.
CASAC reviewed the draft document at a meeting held on July 1, 1993, and concluded in a
closure letter to the Administrator that the document “provides a scientifically balanced and
defensible summary of current knowledge of the effects of this pollutant and provides an
adequate basis for EPA to make a decision as to the appropriate NAAQS for NO,” (Wollff,
1993). The Air Quality Criteria Document (AQCD) for the Oxides of Nitrogen was then finalized
(U.S. EPA, 1993).

EPA also prepared a Staff Paper that summarized an air quality assessment for NO,
conducted by the Agency (McCurdy, 1994). This Staff Paper summarized and integrated the key
studies and scientific evidence contained in the revised air quality criteria document and
identified the critical elements to be considered in the review of the NO, NAAQS. CASAC
reviewed two drafts of the Staff Paper and concluded in a closure letter to the Administrator that
the document provided a “scientifically adequate basis for regulatory decisions on nitrogen
dioxide” (Wolff, 1995). In September of 1995, EPA finalized the Staff Paper, entitled Review of
the National Ambient Air Quality Standards for Nitrogen Dioxide: Assessment of Scientific and
Technical Information (U.S. EPA, 1995).
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In October 1995, the Administrator announced her proposed decision not to revise either
the primary or secondary NAAQS for NO; (60 FR 52874; October 11, 1995). A year later, the
Administrator made a final determination not to revise the NAAQS for NO, after careful
evaluation of the comments received on the proposal (61 FR 52852; October 8, 1996). The level
for both the existing primary and secondary NAAQS for NO; is 0.053 ppm (100 micrograms per
cubic meter [ug/m’] of air), annual arithmetic average, calculated as the arithmetic mean of the

1-hour NO, concentrations.

1.2.2 History of the Secondary SO, NAAQS

Based on the 1970 SOy criteria document (DHEW, 1970), EPA promulgated primary and
secondary NAAQS for SO, under Section 109 of the CAA on April 30, 1971 (36 FR 8186). The
secondary standards included a standard at 0.02 ppm in an annual arithmetic mean and a 3-hour
average of 0.5 ppm, not to be exceeded more than once per year. These secondary standards
were established solely on the basis of vegetation effects evidence. In 1973, revisions made to
Chapter 5 (“Effects of Sulfur Oxide in the Atmosphere on Vegetation”) of Air Quality Criteria
for Sulfur Oxides (U.S. EPA, 1973) indicated that it could not properly be concluded that the
vegetation injury reported resulted from the average SO, exposure over the growing season,
rather than from short-term peak concentrations. Therefore, EPA proposed (38 FR 11355) and
then finalized (38 FR 25678) a revocation of the annual mean secondary standard. At that time,
EPA was aware that SO have other public welfare effects, including effects on materials,
visibility, soils, and water. However, the available data were considered insufficient to establish
a quantitative relationship between specific SOy concentrations and effects needed for setting a
standard (38 FR 25679).

In 1979, EPA announced that it was revising the Air Quality Criteria Document (AQCD)
for sulfur oxides concurrently with that for particulate matter and would produce a combined
particulate matter and sulfur oxides criteria document. Following its review of a draft revised
criteria document in August 1980, CASAC concluded that acid deposition was a topic of
extreme scientific complexity because of the difficulty in establishing firm quantitative
relationships among (1) emissions of relevant pollutants (e.g., SO, and oxides of nitrogen), (2)
formation of acidic wet and dry deposition products, and (3) effects on terrestrial and aquatic

ecosystems. CASAC also noted that acid deposition involves, at a minimum, several different
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criteria pollutants: oxides of sulfur, oxides of nitrogen, and the fine particulate fraction of
suspended particles. CASAC felt that any document on this subject should address both wet and
dry deposition, since dry deposition was believed to account for at least one half of the total acid
deposition problem.

For these reasons, CASAC recommended that a separate, comprehensive document on
acid deposition be prepared prior to any consideration of using the NAAQS as a regulatory
mechanism for the control of acid deposition. CASAC also suggested that a discussion of acid
deposition be included in the AQCDs for nitrogen oxides and PM and SOy. Following CASAC
closure on the criteria document for SO, in December 1981, EPA’s Office of Air Quality
Planning and Standards (OAQPS) published a Staff Paper in November 1982, but the paper did
not directly assess the issue of acid deposition. Instead, EPA subsequently prepared the
following documents: The Acidic Deposition Phenomenon and Its Effects: Critical Assessment
Review Papers, Volumes I and II (U.S. EPA, 1984a, b), and The Acidic Deposition Phenomenon
and Its Effects: Critical Assessment Document (U.S. EPA, 1985) (53 FR 14935 -14936). These
documents, though they were not considered criteria documents and did not undergo CASAC
review, represented the most comprehensive summary of relevant scientific information
completed by EPA at that point.

On April 26, 1988 (53 FR 14926), EPA proposed not to revise the existing primary and
secondary standards. This proposal regarding the secondary SO, NAAQS was due to the
Administrator’s conclusions that (1) based upon the then-current scientific understanding of the
acid deposition problem, it would be premature and unwise to prescribe any regulatory control
program at that time, and (2) when the fundamental scientific uncertainties had been reduced
through ongoing research efforts, EPA would draft and support an appropriate set of control

measurcs.

1.2.3 History of Related Assessments and Agency Actions

In 1980, the Congress created the National Acid Precipitation Assessment Program
(NAPAP) in response to growing public concern about acidic deposition. The NAPAP was given
a broad 10-year mandate to examine the causes and effects of acidic deposition and to explore

alternative control options to alleviate acidic deposition and its effects. During the course of the
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program, the NAPAP issued a series of publicly available interim reports prior to the completion
of a final report in 1990 (NAPAP, 1990).

In spite of the complexities and significant remaining uncertainties associated with the
acid deposition problem, it soon became clear that a program to address acid deposition was
needed. The Amendments to the CAA passed by Congress and signed into law by the President
on November 15, 1990, included numerous separate provisions related to the acid deposition
problem that reflect a comprehensive approach envisioned by Congress. The primary and most
important of the provisions, Title IV of these Amendments, established the Acid Rain Program to
reduce emissions of SO; by 10 million tons and NOy emissions by 2 million tons from 1980
emission levels in order to achieve reductions over broad geographic regions. In this provision,
Congress included a statement of findings that led them to take action, concluding that (1) the
presence of acid compounds and their precursors in the atmosphere and in deposition from the
atmosphere represents a threat to natural resources, ecosystems, materials, visibility, and public
health; (2) the problem of acid deposition is of national and international significance; and (3)
current and future generations of Americans will be adversely affected by delaying measures to
remedy the problem.

Second, Congress authorized the continuation of the NAPAP in order to assure that the
research and monitoring efforts already undertaken would continue to be coordinated and would
provide the basis for an impartial assessment of the effectiveness of the Title IV program.

Third, Congress, clearly envisioning that further action might be necessary in the long
term to address any problems remaining after implementation of the Title IV program and,
reserving judgment on the form that action could take, included Section 404 of the 1990
Amendments (Clean Air Act Amendments of 1990, Pub. L. 101-549, § 404) requiring EPA to
conduct a study on the feasibility and effectiveness of an acid deposition standard or standards to
protect “sensitive and critically sensitive aquatic and terrestrial resources.” At the conclusion of
the study, EPA was to submit a report to Congress. Five years later, EPA submitted its report,
entitled Acid Deposition Standard Feasibility Study: Report to Congress (U.S. EPA, 1995) in
fulfillment of this requirement. The Report concluded that establishing acid deposition standards
for sulfur and nitrogen deposition may at some point in the future be technically feasible,
although appropriate deposition loads for these acidifying chemicals could not be defined with

reasonable certainty at that time.
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Fourth, the 1990 Amendments also added new language to sections of the CAA
pertaining to the scope and application of the secondary NAAQS designed to protect the public
welfare. Specifically, the definition of “public welfare” in Section 302(h) was expanded to state
that the welfare effects identified should be protected from adverse effects associated with
criteria air pollutants “...whether caused by transformation, conversion, or combination with
other air pollutants.” That change has particular relevance to this review because the
transformation products of NOy and SOy are associated with environmental impacts.

In 1999, seven Northeastern states cited this amended language in Section 302(h) in a
petition asking EPA to use its authority under the NAAQS program to promulgate secondary
NAAQS for the criteria pollutants associated with the formation of acid rain. The petition stated
that this language “clearly references the transformation of pollutants resulting in the inevitable
formation of sulfate and nitrate aerosols and/or their ultimate environmental impacts as wet and
dry deposition, clearly signaling Congressional intent that the welfare damage occasioned by
sulfur and nitrogen oxides be addressed through the secondary standard provisions of Section
109 of the Act.” The petition further stated that “recent federal studies, including the NAPAP
Biennial Report to Congress: An Integrated Assessment, document the continued-and increasing-
damage being inflicted by acid deposition to the lakes and forests of New York, New England
and other parts of our nation, demonstrating that the Title IV program had proven insufficient.”
The petition also listed other adverse welfare effects associated with the transformation of these
criteria pollutants, including impaired visibility, eutrophication of coastal estuaries, global
warming, and tropospheric ozone and stratospheric ozone depletion.

In a related matter, the Office of the Secretary of the U.S. Department of Interior (DOI)
requested in 2000 that EPA initiate a rulemaking proceeding to enhance the air quality in
national parks and wilderness areas in order to protect resources and values that are being
adversely affected by air pollution. Included among the effects of concern identified in the
request were the acidification of streams, surface waters, and/or soils; eutrophication of coastal
waters; visibility impairment; and foliar injury from ozone.

In a Federal Register notice in 2001, EPA announced receipt of these requests and asked
for comment on the issues raised in them. EPA stated that it would consider any relevant

comments and information submitted, along with the information provided by the petitioners and

DRAFT 1-9 August 2008



O o0 3 N W»n Bk~ WD =

— e e e e
AN O B W NN = O

17
18

19

20
21
22
23
24
25
26
27
28
29
30
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DOI, before making any decision concerning a response to these requests for rulemaking (65 FR
48699).

The most recent 2005 NAPAP report states that ... scientific studies indicate that the
emission reductions achieved by Title IV are not sufficient to allow recovery of acid-sensitive
ecosystems. Estimates from the literature of the scope of additional emission reductions that are
necessary in order to protect acid-sensitive ecosystems range from approximately 40-80%
beyond full implementation of Title IV.... The results of the modeling presented in this Report to
Congress indicate that broader recovery is not predicted without additional emission reductions”
(NAPAP, 2005).

Given the state of the science as described in the ISA and in other recent reports, such as
the NAPAP’s above, EPA believes it is appropriate, in the context of evaluating the adequacy of
the current NO, and SO, secondary standards in this review, to revisit the question of the
appropriateness and the feasibility of setting a secondary NAAQS to address remaining known
or anticipated adverse public welfare effects resulting from the acidic and nutrient deposition of
these criteria pollutants and their transformation products. This document comprises the risk and

exposure assessment portion of the review.

1.3 SCOPE OF THE RISK AND EXPOSURE ASSESSMENT FOR THE
CURRENT REVIEW

1.3.1 Species of Nitrogen Included in Analyses

The sum of mono-nitrogen oxides, NO, and NO, typically are referred to as nitrogen
oxides (NOy) in the atmospheric science community. More formally, the family of nitrogen
oxides includes any gaseous combination of nitrogen and oxygen, e.g., NO,, NO, nitrogen
dioxide (N,O), nitrogen trioxide (N2O3), nitrogen tetroxide (N2O4), and dinitrogen pentoxide
(N20s).

With regard to NOy, it is also necessary in this review to distinguish between the
definition of “nitrogen oxides” as it appears in the enabling legislation related to the NAAQS and
the definition commonly used in the air pollution research and management community. In this
document, the terms “oxides of nitrogen” and “nitrogen oxides” refer to all forms of oxidized
nitrogen compounds, including nitric oxide (NO), NO,, and all other oxidized nitrogen-

containing compounds transformed from NO and NO,. This definition is supported by Section
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108(c) of the CAA, which states that “Such criteria [for oxides of nitrogen] shall include a
discussion of nitric and nitrous acids, nitrites, nitrates, nitrosamines, and other carcinogenic and
potentially carcinogenic derivatives of oxides of nitrogen.”

By contrast, within the scientific community, the terms “oxides of nitrogen” and
“nitrogen oxides” typically refer only to the mono-nitrogen oxides, NO and NO, and their sum
is commonly abbreviated as NOy. The term used by the scientific community to represent the
complete set of oxidized nitrogen compounds, including those listed in CAA Section 108(c), is
total oxidized nitrogen (NOy). NO, includes all nitrogen oxides, as well as gaseous and
particulate nitrate species such as nitric acid (HNO3), peroxyacyl nitrates (PAN), and particle-
phase ammonium nitrates.

In addition to oxidized forms of nitrogen, reduced forms of nitrogen also contribute to the
atmospheric chemistry that leads to the deposition of ambient nitrogen species to the
environment. Reduced atmospheric nitrogen species include ammonia gas (NH3) and ammonium
ion (NH4"), the sum of which is referred to as NH,. Total reactive nitrogen is recognized as the
combination of both oxidized and reduced forms of nitrogen that are biologically available; i.e.,
forms other than the stable form of gaseous nitrogen (N3). Atmospheric nitrogen deposition often
is delineated further as dry (gas and particulate phases) or as wet (precipitation-derived ion
phase) (see Figure 1.3-1).

In many areas, multiple forms of nitrogen from a variety of atmospheric and other
sources enter ecosystems. The scientific community has long recognized that reactive nitrogen
can impact ecosystems; it is the total amount of reactive nitrogen entering the ecosystem that is
most relevant when assessing these impacts. That is, the effects from atmospheric deposition of
nitrogen to ecosystems are due to both oxidized and reduced forms, rather than to one form
alone. As a result, much of the published research on ecological response to nitrogen does not
differentiate between the various sources of nitrogen, but instead reports only total reactive

nitrogen inputs to the ecosystem.
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Figure 1.3-1. Schematic diagram of the cycle of reactive, oxidized nitrogen species in the
atmosphere. (IN refers to inorganic particulate species [e.g., Na",Ca"'], MPP to
multiphase processes, hv to a solar photon, and R to an organic radical. Particulate-phase
organic nitrates are also formed from the species on the right side of the figure) (U.S.
EPA, 2007.)

1.3.2 Species of Sulfur Included in the Analyses

SO; is one of a group of substances known as oxides of sulfur, or SOy, which include
multiple gaseous (e.g., SO,, sulfur monoxide [SO], sulfur trioxide [SOs], thiosulfate
(S203),heptoxide (S,07), and particulate (e.g., ammonium sulfate (NH4),SOj4) species (Figure
1.3-2). Acidification can result from the atmospheric deposition of SOy and NOy; in acid
deposition, these species combine with water in the atmosphere to form sulfuric acid (H,SO4)
and HNOs. Acidification is an environmental effect primarily due to sulfur in which acid
precipitation lowers the natural pH of waterbodies and damages terrestrial ecosystems. Over the
past few decades, acidification of waterbodies has been recognized as an environmental issue
throughout Europe and North America, and steps have been taken to control SOx and NOy
emissions and to identify the recovery of the impacted ecosystems. Due to known acute effects

on plants, SO, served as the chemical indicator for SOy species in previous NAAQS reviews.
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Figure 1.3-2. Schematic diagram of the cycle of sulfur species in the atmosphere.

1.3.3 Overview of Nitrogen- and Sulfur-related Ecological Effects

Nitrogen and sulfur interactions in the environment are highly complex. Both are
essential, and sometimes limiting, nutrients needed for growth and productivity. Excess nitrogen
or sulfur can lead to acidification, nutrient enrichment, and eutrophication. The current
secondary NAAQS were set to protect against direct damage to vegetation by exposure to gas-
phase NOy or SOy. Acute and chronic exposures to SO, can have phytotoxic effects on
vegetation, such as foliar injury, decreased photosynthesis, and decreased growth. Similarly,
exposure to sufficient concentrations of NO,, NO, PAN, and HNOj can cause foliar injury,
decreased photosynthesis, and decreased growth. In addition, these gas-phase NOy species may
contribute to nitrogen saturation in some areas of the United States. The second draft ISA
indicates there is little new evidence for direct effects of exposure to gas-phase NOy or SO on
vegetation at current concentrations in the United States (U.S. EPA, 2008).

Emissions of NOy and SO compounds into the air react through a complex series of gas-
phase and heterogeneous reactions to produce additional intermediate compounds and final
products. These reactions with NOy and SOy often occur under the same meteorological
influences as those acting on formation of ozone (Os) and secondary aerosols. These nitrogen-

and sulfur-containing compounds are removed from the air by deposition—wet (rain, snow),
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cloud and fog, and dry (gases and particles)}—onto surfaces. Prevailing winds can transport these
compounds hundreds of miles and across state and national borders.

Deposition of chemical species derived from NOy and SOy to the environment can affect
ecosystem biogeochemistry, structure, and function. This can result from acidification that
occurs when NOy and SOy emissions react in the atmosphere to form strong acids (i.e., sulfuric
(H2S04) and nitric (HNOs) acid), which are then deposited onto the landscape. Acidification
causes a cascade of effects that alter both terrestrial and aquatic ecosystems. These effects
include slower growth, the injury or death of forest vegetation, and localized extinction of fish
and other aquatic species.

The second draft ISA highlights evidence from two well-studied areas to provide more
detail on how acidification affects ecosystems: the Adirondacks (New York) and Shenandoah
National Park (Virginia) (U.S., EPA, 2008, Section 3.2) In the Adirondacks, the current rates of
nitrogen and sulfur deposition exceed the amount that would allow recovery of the most acid
sensitive lakes. In the Shenandoah National Park, past sulfate has accumulated in the soil and is
slowly released from the soil into stream water, where it causes acidification and makes this
region sensitive to current loading. Models suggest that the number of acidic streams will
increase under the current deposition rates, but that re-acidification can be prevented if
deposition is kept between 9-15 kg N ha ' yr ' and 0-6 kg S ha ' yr ' (U.S. EPA, 2008; Section
3.2). The second draft ISA highlights forests in 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 as the regions
most sensitive to terrestrial acidification effects from acidifying deposition (U.S. EPA, 2008;
Section 3.2). In the risk and exposure assessment, we target these areas for the air quality
modeling presented in Chapter 3 and the case study analyses in Chapter 4.

In addition to acidification, NOy acts with other forms of reactive nitrogen (including
ammonia-based nitrogen) to increase the total amount of nitrogen available in terrestrial
ecosystems and high elevation lakes. Reactive nitrogen deposition may contribute to the total
reactive nitrogen load of some wetland and aquatic ecosystems that receive reactive nitrogen
through multiple pathways (i.e., agricultural land runoff and wastewater effluent) (U.S. EPA,
2008; Section 3.3). Nitrogen deposition alters primary productivity that leads to changes in

community composition and eutrophication. In aquatic ecosystems, deposition loads of
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approximately 1.5-2 kg N ha™' yr ! are reported to cause alterations in diatom communities of
freshwater lakes and impair water quality in the western United States (U.S. EPA, 2008; Section
3.3). In estuarine ecosystems, additional nitrogen from atmospheric and non-atmospheric sources
contributes to increased phytoplankton and algal productivity, which leads to eutrophication.
Estuary eutrophication is a detrimental ecological problem indicated by water quality
deterioration, resulting in numerous adverse effects, including hypoxic zones, species mortality,
and harmful algal blooms (HABs). The second draft ISA indicates that the contribution of
atmospheric deposition to total nitrogen loads can be greater than 40% in highly eutrophic
estuaries. The Chesapeake Bay is an example of a large, well-studied estuary that receives 21%—
30% of its total nitrogen load from the atmosphere (U.S. EPA, 2008; Section 3.3).

In terrestrial ecosystems, there are multiple chemical indicators for the alteration of the
biogeochemical cycling of nitrogen that is caused by reactive nitrogen deposition. Nitrate
leaching is a well-documented effect that indicates the ecosystem is receiving more nitrogen than
it uses; the onset of leaching is calculated to be between 5.6 and 10 kg ha™ yr'' for Eastern
forests (U.S. EPA, 2008; Section 3.3). Nitrogen deposition can result in impacts prior to the
onset of nitrate leaching. For example, nitrogen deposition affects primary productivity thereby
altering terrestrial carbon cycling. This may result in shifts in population dynamics, species

composition, community structure and, in extreme instances, ecosystem type. Lichen are the

1 1

most sensitive terrestrial taxa, with documented adverse effects occurring at 3 kg N ha " yr
(Pacific Northwest and southern California); 5 kg N ha ' yr'' correlates to the onset of declining
biodiversity within grasslands (Minnesota and the E.U.), and at 10 kg N ha ' yr ' causes
community composition of Alpine ecosystems and forest encroachment into temperate

grasslands (U.S. EPA, 2008; Section 3.3). In the risk and exposure assessment, we target some of
the aquatic and terrestrial ecosystems highlighted in the ISA for the air quality modeling
presented in Chapter 3 and the case study analyses in Chapter 5.

In terrestrial and wetland ecosystems, reactive nitrogen deposition alters biogenic sources
and sinks of N>,O and methane, two potent greenhouse gases, resulting in a higher emission to the
atmosphere of these gases. Terrestrial soil is the largest source of N,O, accounting for 60% of
global emission. Reactive nitrogen deposition increases the flux of N,O in coniferous forests,

deciduous forests, grasslands, and wetlands. Nitrogen deposition significantly reduces methane

uptake in coniferous and deciduous forests, with a reduction of 28% and 45%, respectively. In
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wetlands, nitrogen addition increases methane production, but has no significant effect on
methane uptake (U.S. EPA, 2008; Section 3.4). These effects are addressed qualitatively in
Chapter 6.

There is increasing evidence on the relationship between sulfur deposition and increased
methylation of mercury in aquatic environments; this effect occurs only where other factors are
present at levels within a range to allow methylation. The production of methylmercury requires
the presence of sulfate and mercury, but the amount of methylmercury produced varies with
oxygen content, temperature, pH, and supply of labile organic carbon (U.S. EPA, 2008; Section
3.4). In watersheds where changes in sulfate deposition did not produced an effect, one or several
of those interacting factors were not in the range required for meaningful methylation to occur
(U.S. EPA, 2008; Section 3.4). Watersheds with conditions known to be conducive to mercury
methylation can be found in the northeastern United States and southeastern Canada. The
relationship between sulfur and methylmercury production is also addressed qualitatively in
chapter 6.

A summary illustration of NOy and SOy effects on the environment is presented in Figure

1.3-3.
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Figure 1.3-3. Nitrogen and sulfur cycling and interactions in the environment.
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1.4 POLICY RELEVANT QUESTIONS

For this secondary NAAQS review of NO4/SOy, the main policy-relevant questions
include the following:
= What are the known or anticipated welfare effects influenced by ambient NOy and SOy,
and for which effects is there sufficient information available to be useful as a basis for

considering distinct secondary standard(s)?

=  What is the nature and magnitude of ecosystem responses to NOy and SOy that are
understood to have known or anticipated adverse effects, and what is the variability
associated with those responses (including ecosystem type, climatic conditions,

environmental effects, and interactions with other environmental factors and pollutants)?

= To what extent do receptor surfaces influence the deposition of gases and particles (dry

deposition), since dry deposition can contribute significantly to total deposition?
= (Can effects from NOy be distinguished from effects due to total reactive nitrogen?

=  What ecologically relevant metrics adequately capture the relationships between
ecosystem exposures and responses for the known or anticipated welfare effects we are
trying to protect against?

= To what extent do the current standards provide protection from the public welfare

effects associated with NOy and SO,?

To the extent the evidence suggests that the current standards do not provide appropriate
protection from known or anticipated adverse welfare effects associated with NOy and SOy, we
will consider ecologically meaningful revisions to the current standards. Recognizing the high
degree of complexity that exists in relationships between ambient air concentrations of NOy and
SOy, deposition of nitrogen and sulfur into sensitive aquatic and terrestrial ecosystems, and
associated potential adverse ecological effects, we anticipate that ecologically meaningful
NAAQS would need to be structured so as to take into account such complexity. To provide
some context for addressing key policy relevant questions that are salient in this review, we have
developed a possible structure for standards that could be based on meaningful ecological
indicators that would provide for protection against the range of potentially adverse ecological

effects that are associated with the deposition of NOy and SOy. In so doing, we have considered
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how the basic elements of NAAQS standards—indicator, averaging time, form, and level—
would be reflected in such a structure.

Figure 1.4-1 depicts an example of a possible structure for an ecological effects based
secondary NAAQS for NOy and SOy, together with the various elements that in combination
would serve to define such a standard. While presented here for purposes of providing a context
for understanding the additional policy-relevant questions, outlined below, that will help to frame
our consideration of potential revisions to the current standards, the scientific foundations for this
figure are more fully presented and discussed in the chapters below.

Chapter 3 provides information on current ambient levels of NOy and SOy and current
deposition of nitrogen and sulfur, focusing on spatial and temporal patterns of deposition and
impacts of ambient emissions on deposition. Chapters 4, 5, and 6 provide information on
ecological effects and relevant ecological indicators of those effects. Chapter 7 synthesizes
information across different endpoints and identifies impacts linked to ecosystem services that
can help to inform the decision as to what levels of ecological indicators are protective against
adverse public welfare effects. Linkages between ambient concentrations and deposition and
between deposition and ecological indicators are discussed in Chapter 8, and the overall
framework for linking atmospheric concentrations to ecological indicators through deposition is
illustrated using the Adirondacks case study results for aquatic acidification effects. We
anticipate that in the next draft, we will restructure the chapters such that Chapter 3 will discuss
the linkages between ambient concentrations and deposition, while Chapters 4 and 5 will discuss
the linkages between ecological indicators and deposition. In the next draft, Chapter 8 will focus
on the legal support for a jointly structured, ecological effects based standard, as well as
illustrations of the standard associated with different levels of protection against ecological
impacts.

As shown in Figure 1.4-1, this secondary NAAQS structure accounts for variable
atmospheric and ecological factors that are critical aspects of the complex relationships that need
to be reflected in ecologically meaningful standards. We anticipate that the deposition and
ecological effect functions shown in Figure 1.4-1 may be based on complex formulas that
incorporate factors related to atmospheric transformations, climate conditions, land uses, and
ecosystem characteristics. A discussion of these formulas, along with an example, is provided in

Chapter 8.
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Figure 1.4-1. Possible structure of a secondary NAAQS for NOx and SOy based on an
ecological indicator.

In considering potential alternative standards that may be structured as illustrated above,

the following questions should be addressed:

Does the available information provide support for considering different air quality

indicators for NOy and SO,?

Does the available information provide support for the development of appropriate
deposition functions, and what atmospheric and environmental factors are most relevant
for such a function?

Does the available information provide a basis for identifying relevant ecological
indicators for the range of ecological effect endpoints being considered in the review?
Does the available information provide support for the development of appropriate
ecological effect functions that meaningfully relate to the ecological effect endpoints
being considered, and what ecological factors are most relevant for such functions?

For which ecological effect endpoints being considered is a joint NO,/SOy standard most

appropriate, and for which endpoints would separate standards be more appropriate?
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Taking into consideration factors related to defining adversity for various ecological
endpoints being considered, what range of levels, averaging times, and forms of
alternative ecological indicators are supported by the information, and what are the

uncertainties and limitations in that information?

To what extent do specific levels, averaging times, and forms of alternative ecological
indicators reduce adverse impacts attributable to NO,/SOy, and what are the uncertainties

in the estimated reductions?

In order to be able to answer these questions, we believe that the relevant scientific and

policy issues that need to be addressed in the science, risk and exposure, and policy assessment

portions of this review include the following:

1.5

Identifying important chemical species in the atmosphere

Identifying the atmospheric pathways that govern the chemical transformation, transport,

and deposition of NOy and SOy to the environment

Identifying the attributes of ecosystem receptors that govern their susceptibility to effects

from deposition of nitrogen and sulfur compounds

Identifying the relationships between ambient air quality indicators and ecological

indicators of effects (through deposition)

Identifying relationships between ecosystem services and ecological indicators.
Evaluating alternative approaches to assess the adversity of effects on ecosystem

services, including, but not limited to, economic valuation

Evaluating environmental impacts and sensitivities to varying meteorological scenarios

and climate conditions

Evaluating the relationship between NOy and total deposition of reactive nitrogen, and

between NOy and total nitrogen loadings that are related to ecological effects.

These issues are addressed below in the discussions presented in Chapters 2 through 6.
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Chapter 2 — Overview of Risk and Exposure Assessment

2. OVERVIEW OF RISK AND EXPOSURE ASSESSMENT

2.1 INTRODUCTION

This REA focuses on ecosystem welfare effects that result from the deposition of total
reactive nitrogen and sulfur. Because ecosystems are diverse in biota, climate, geochemistry, and
hydrology, response to pollutant exposures can vary greatly. In addition, these diverse
ecosystems are not distributed evenly across the United States. To target acidification and
nitrogen and sulfur enrichment, this risk and exposure assessment addresses four main ecosystem
effects on terrestrial and aquatic systems identified in the ISA:

= Agquatic acidification due to nitrogen and sulfur
= Terrestrial acidification due to nitrogen and sulfur
= Agquatic nitrogen enrichment, including eutrophication

= Terrestrial nitrogen enrichment.

In addition to these four effects, we have qualitatively addressed the influence of sulfur
enrichment on methylmercury production and the effects associated with N,O and carbon
sequestration.

Because these ecosystem effects are not evenly distributed across the United States, we
have identified case studies for these analyses based on ecosystems identified as sensitive to
nitrogen and/or sulfur deposition effects. This assessment builds upon the scientific information
presented in the 2007 draft ISA (U.S. EPA, 2007). Taking into account the recommendations of
the ISA authors, we have selected ecological indicator(s) and case study locations (U.S. EPA,
2007). The choice of case study locations are summarized in Table 2.1-1 based on ecosystem
characteristics, indicators, and ecosystem service information developed as part of the risk and
exposure assessment. Detailed explanations of this information are presented in Attachments 2
through 6. In the second draft risk and exposure assessment, we will evaluate the case study
results for use in a broader characterization of national conditions to represent key components
of our nation’s ecology, recognizing that some ecosystems, and the effects on them, may be too

unique to be characterized broadly.
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Table 2.1-1. Summary of Sensitive Characteristics, Indicators, Effects, and Ecosystem Services Impacted for Each Case Study
Evaluated in This Review

Characteristics of

Sensitivity
Targeted (Variable Biological/ Ecological Ecosystem Services | Case Study
Effect Area Ecological Factors) | Chemical Indicator | Indicator Ecological Effects Impacted Locations
Aquatic Geology, surface [Al] Species richness, Species losses of Fisheries, recreation, | Adirondack
Acidification water flow, soil pH abundance, fish, phytoplankton, | tourism Mountains (NY)
depth, weathering ANC composition, zooplankton; Blue Ridge
rates ANC changed community Mountains,
composition, Shenandoah
ecosystem structure National Park (VA)
and function
Terrestrial Geology, surface Soil base saturation | Tree health Decreased tree Food, natural Kane Forest
Acidification water flow, soil [Al] Red spruce, sugar growth, habitat, tourism (Allegheny Plateau,
depth, weathering [Ca] maple, Increased PA)
rates C:N ratio ANC susceptibility to Hubbard Brook
stress, episodic Experimental Forest
dieback; changed (White Mountains,
community NH)
composition,
ecosystem structure
and function
Aquatic N-limited systems, Chlorophyll a, Eutrophication Habitat degradation, | Fish populations, Potomac River
Nutrient presence of nitrogen | macroalgae, Index (EI) algal blooms, water quality, and Basin, Chesapeake
Enrichment in surface water, dissolved oxygen, toxicity, hypoxia, habitat quality Bay
eutrophication nuisance/toxic algal anoxia, fish kills, Neuse River Basin,
status, nutrient blooms, submerged decreases in Pamlico Sound
criteria, aquatic vegetation biodiversity
(SAV)
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Characteristics of

Sensitivity
Targeted (Variable Biological/ Ecological Ecosystem Services | Case Study
Effect Area Ecological Factors) | Chemical Indicator | Indicator Ecological Effects Impacted Locations
Terrestrial Presence of Cation Exchange Species composition | Species changes, Loss of habitat, loss | Coastal Sage Scrub
Nutrient Acidophytic Capacity, C:N ratios, nitrogen enrichment | of biodiversity, and mixed conifer
Enrichment Lichens, Ca:Al ratios, NOj of soil, changes in recreation, water forest (San
anthropogenic land leaching and export fire regime, changes | quality Bernadino and
cover in nutrient cycling Sierra Nevada
Mountain Ranges,
California)
Sulfur and Wetland type, Interaction between: | MeHg Neurotoxic effects in | Fishing, shell Little Rock Lake,
Mercury presence of sulfate dissolved organic concentrations in fish and throughout | fishing, sports WI (ISA case study)
Methylation reducing bacteria, carbon, temperature, | fish and shell fish food web fishing, food,
Potential water pH, dissolved | anoxia, and sulfide recreation,
organic carbon, land cover, biodiversity
suspended precipitation
particulate matter, response, and
limnography
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Chapter 2 — Overview of Risk and Exposure Assessment

To address the policy-relevant questions that guide the scope of this review, the risk and
exposure assessment evaluates the relationships between atmospheric concentrations, deposition,
biologically relevant exposures, ecosystem effects, and ecosystem services. To evaluate the
nature and magnitude of ecosystem responses associated with adverse effects, this risk and
exposure assessment examines various ways to quantify the relationship between air quality
indicators, deposition of biologically available forms of nitrogen and sulfur, ecologically relevant
indicators relating to deposition, exposure and effects on sensitive receptors, and related effects
on ecosystem change and services. The intent of the assessment is to determine the exposure
metrics that incorporate temporal considerations (i.e., biologically relevant timescales),
pathways, and ecologically relevant indicators necessary to maintain the functioning of these
ecosystems. To the extent feasible, we also evaluate the overall load to the system for nitrogen
and sulfur, as well as the variability in ecosystem responses to these pollutants. In addition, we
evaluate the contributions of atmospherically deposited nitrogen and sulfur relative to total
loadings in the environment. Since oxidized nitrogen is the listed criteria pollutant, for the
atmospheric contribution to total nitrogen, we examine the contribution of NOx to total reactive
nitrogen in the atmosphere relative to the contributions of reduced forms of nitrogen (e.g.,
ammonia, ammonium) to ultimately assess how a meaningful secondary NAAQS might be
structured.

The Risk and Exposure Assessment for the Secondary NAAQS Review for NOy and SOy
will aid the Administrator in judging whether the current secondary standards are requisite to
protect public welfare from any known or anticipated adverse effects, or whether these standards
should be retained, revised, revoked, and/or replaced with alternative standard(s) having different

ambient air indicators to provide the required protection.

2.2  SEVEN-STEP APPROACH

The seven basic steps guiding the risk and exposure assessment and the assessments for
each case study area of interest are highlighted below. These steps were initially presented in the
scope and methods plan for this review, which received CASAC approval. Therefore, we are
carrying this approach forward for the risk and exposure assessment. The seven steps address the
selection of effects, indicators, and ecosystem services measured for exposure via atmospheric

deposition of total reactive nitrogen and sulfur from ambient air. The initial step of identifying
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Chapter 2 — Overview of Risk and Exposure Assessment

effects, sensitive ecosystems, and potential indicators are documented in the ISA. In addition, the
ISA identifies and reviews candidate multimedia models available for fate and transport analyses
of a variety of ecosystems. The science documented in the ISA provides critical inputs into the
risk and exposure assessment. For some of the desired case study areas, data were not abundant
enough to perform a quantitative assessment for each of the steps; in those cases, we have chosen
to execute some of these steps in a qualitative or semi-quantitative fashion. Our progress towards
characterizing current conditions (complete Steps 1 through 4) for each targeted effect area and
case study analysis is presented in Attachments 2 through 6.
The details of these seven steps will be addressed in each case study description. The

steps are as follows:

= Step 1. Plan for assessment using documented effects: biological, chemical, and

ecological indicators, and potential ecosystem services.

= Step 2. Map sensitive areas that show responses using research findings and geographic
information systems (GIS) mapping.

= Step 3. Select risk and exposure case study assessment area(s) within a sensitive area.

= Step 4. Evaluate current loads and effects to case study assessment areas, including
ecosystem services, where possible.

= Step 5. Where feasible, scale-up case study assessment area findings to sensitive areas.

= Step 6. Assess the current ecological conditions for those sensitive areas.

= Step 7. Assess alternative levels of protection under different scenarios of deposition

from ambient sources.

2.3 ECOSYSTEM SERVICES

Humankind benefits from a multitude of resources and processes that are supplied by
ecosystems. Collectively, these benefits are known as ecosystem services and include products,
such as clean drinking water, and processes, such as the decomposition of wastes. Ecosystem
services are distinct from other ecosystem products and functions because there is human
demand for them. Ecosystem services are generally defined as the benefits individuals and
organizations obtain from ecosystems. In the Millennium Ecosystem Assessment (MEA),

ecosystem services are classified into four main categories:
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= Provisioning. Includes products obtained from ecosystems, such as the production of

food and water.

= Regulating. Includes benefits obtained from the regulation of ecosystem processes, such

as the control of climate and disease.

= Cultural. Includes the nonmaterial benefits people obtain from ecosystems through
spiritual enrichment, cognitive development, reflection, recreation, and aesthetic

experiences.

= Supporting. Includes those services necessary for the production of all other ecosystem

services, such as nutrient cycles and crop pollination (MEA, 2005).

Figure 2.3-1 is the World Resources Institute’s schematic demonstrating the connections

between the categories of ecosystem services and human well-being.

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
EreE PERSONAL SAFETY
Provisioning SECURE RESOURCE ACCESS
FOOD SECURITY FROM DISASTERS
FRESH WATER
WOOD AND FIBER
FLEL - :
Basic material
for good life Freedom
: il ADEQUATE LIVELIHOODS of choice
Supporting Regulating S E:EKITC;ENT NUTRITIOUS FOOD and action
e CLIMATE REGULATION ' OPPORTUNITY TO BE
00 ACCESS TO GOODS
SOIL FORMATION FLOOD REGULATION - ABLE TO ACHIEVE

DISEASE REGULATION

PRIMARY PRODUCTION WHAT AR INDIVIDUAL

|

|
WATER PURIFICATION | Hasm VALUES DOING
\ AND BEING

I / STRENGTH

FEELING WELL
Cultural | ACGESS TO CLEAN AIR

AESTHETIC | AND WATER
SPIRITUAL I
EDUCATIONAL

REGREATIONAL Good social relations
2 SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS
LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystem Assessment

Figure 2.3-1. Millennium ecosystem assessment categorization of ecosystem services
and their links to human well-being (MEA, 2005a).

The interrelatedness of these categories means that any one ecosystem may provide
multiple services. Changes in these services can impact human well-being by affecting our
security, health, social relationships, and access to basic material goods (MEA, 2005b).

Historically, ecosystem services have been undervalued and overlooked. More recently,

degradation and destruction of ecosystems has piqued interest in assessing the value of their
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services. The economic approach to valuation is laid out in EPA’s Ecological Benefits
Assessment Strategic Plan, “Economists generally attempt to estimate the value of ecological
goods and services based on what people are willing to pay (WTP) to increase ecological
services or by what people are willing to accept (WTA) in compensation for reductions in them”
(U.S. EPA, 2006). There are three primary approaches for estimating these values: market-based
approaches, revealed preference methods, and stated preference methods (U.S. EPA, 2006).
Because economic valuation of services can be difficult, non-monetary valuation using
biophysical measurements and concepts can also be used to value services. One non-monetary
valuation methodology uses relative value indicators (such as a flow chart indicating uses of a
waterbody - boatable, fishable, swimmable); another assigns values to ecosystem goods and
services through the use of the common currency of energy. Valuation may be an important step
from a policy perspective because it can be used to compare the costs and benefits of altering
versus maintaining an ecosystem (i.e., it may be easier to protect than repair ecosystem effects).
In this review, valuation will be used where possible based on available data in the case study
locations.

The ecosystems of interest in this risk assessment are heavily impacted by anthropogenic
air pollution. These effects may alter the services provided by the ecosystems in question. For
example, changes in forest health as a result of soil acidification from NOy and SO deposition
may affect supporting services (e.g., nutrient cycling), provisioning service (e.g., timber
production), and regulating services (e.g., climate regulation). Eutrophication caused by NOx
deposition may affect supporting services such as primary production, provisioning services such
as food, and cultural services such as recreation and ecotourism.

We plan to develop, where possible, for each area of interest linkages to ecosystem
services from indicators of each effect (i.e., biological, chemical, ecological) identified in Step 1
of the risk and exposure assessment. This link will be developed based on existing literature and
will focus on the services identified in the peer-reviewed literature. These linkages are essential
to any attempt to evaluate air pollution-induced changes in the quantity and/or quality of
ecosystem services provided. According to EPA’s Science Advisory Board Committee on
Valuing the Protection of Ecological Systems and Services, this linkage is one of the critical
elements that will allow for valuation of benefits of EPA-regulated air pollutants (SAB C-
VPESS, 2007). Figure 2.3-2 illustrates an example of a path from nitrogen deposition in an
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1  ecosystem to valuation that links ecological endpoints to changes in services and finally to

2 valuation.

| Stressor Effects |

Ecological Indicator: a physical, chemical, or biological entity/feature that demonstrates
a consistent degree of response to a given level of stressor exposure and that is easily measured/
quantified to make it a useful predictor of bielogical, environmental, or ecological risk. Indicators
may be utilized at several levels of ecosystem analysis.

Symptoms: The signs of response to a given level of stressor expasure within an
ecosystem which are not readily measured/quantifiable.

Primary Symptoms® Secondary Symptoms* Ecolegical Indicators®

Type/duration/
frequency/size of HABs

* Ghanges in dominant Loss of submerged :
algal species

+ Excessive macroalgae
growth

*  Low water clarity

« Increased organic

agquatic vegetation
Habitat Alteration
Harmful Algal Blooms
Hypoxia/Low DO
Species Alteration

Change in areal SAV
coverage

Clarity/light penetration
through secehi depth
Frequency/areal

matter/chlorophyll a
coverage of anoxia/

hypoxia
N B

- o

=

Endpoint: An ecological
entity and its attributes, Impacts
to endpoints are considered 4
welfare effects, as defined in
Clean Air Act Section 302(h),
which can be analyzed in
ecosystem assessments.

Ecosystem Services: N Valuation of Welfare
The ecological processesor [~ Effects: The economic or
functions having monetaryor | —— noneconomic pracess of

nonmonetary value to individual determining either the value of

or society at large. maintaining a given ecosystem
type, state, or condition or the

value of a change in an
Provisioning® ecosystem, its components, or
Biological* the services it provides.
+ Food
s Fish population — Fish kills *  Habitat . T ——
» Fish population — Loss of = Health protection Surplus®
species diversity
* Water quality - Surface Regulating” » Producer/Consumer
SCLm Surplus
» Flood Control *  Willingness to Pay/
Physical® s Water purification Accepl
« Climate Control + Avoided Costs
« Habilat qualily - Loss of « Control of invasives

SAV over time
+ Shoreline quality —
Increasad erosion

N Non-Economic Values®
Cultural

Chemical® = Recreation : gerclfal\rgd |mpa-:fts
* Swimmable ualitative measures
e Boatable
= Water quality — S
Elevated toxics
*  Water quality - Odors Suppoing*

+ Primary Production

3 ¢ Huelesyiing “Lists are examples and not meant to be comprehenisve
4 Figure 2.3-2. Pathway from nitrogen deposition to valuation for an aquatic system.
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We have begun identifying the primary ecosystem service(s) for both acidification and
enrichment and for major ecosystem types and components (i.e., terrestrial ecosystems, soils,
aquatic ecosystems) under consideration in this risk and exposure assessment (see Table 2.1-1).
The impacts associated with various ecosystem services for each targeted effect area are
summarized in Table 2.3-1. Some of the potential linkages between impacts and effects in
relation to specific ecosystem services are summarized for each targeted effect area below. This

information will be more fully addressed in the second draft risk and exposure assessment.

2.3.1 Aquatic Acidification

The Aquatic Acidification Case Study will focus on ecosystem services such as fisheries,
recreation, and tourism. Fisheries (decreased species richness) will be quantitatively linked to
acidification through monitoring data and modeling of ANC, and recreation activities will likely

be qualitatively related to acidification symptoms through user surveys.

2.3.2 Terrestrial Acidification

The Terrestrial Acidification Case Study will focus on ecosystem services such as food,
natural habitat, and tourism. Sugar maple and red spruce abundance and growth (i.e., crown
vigor, biomass, and geographic extent) will be quantitatively linked to acidification symptoms
through the Forest Inventory and Analysis National Program (FIA) database analyses and

analysis of estimated sales of maple sugar products.

2.3.3 Agquatic Nutrient Enrichment

The Aquatic Nutrient Enrichment Case Study will focus on ecosystem services such as
fisheries, recreation, and tourism. Fisheries (closings, decreased species richness) will likely be
quantitatively linked to eutrophication symptoms through monitoring data, and recreation

activities will likely be qualitatively related to eutrophication symptoms through user surveys.

2.3.4 Terrestrial Nutrient Enrichment

The Terrestrial Nutrient Enrichment Case Study for Coastal Sage Scrub (CSS) will focus
on ecosystem services such as biodiversity; threatened and endangered species and rare species
(both national and state); landscape view; water quality; and fire hazard mitigation. Linkage

methods from endpoint to services may include measurement of changes in biodiversity and
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abundance and distribution of threatened and endangered species, comparison of past and present
photography, and measurement of the distribution of soil moisture with depth and possible
nitrate leakage.

The Terrestrial Nutrient Enrichment Case Study for Mixed Conifer Forests will focus on
ecosystem services such as visual and recreational aesthetics provided by the community and
water quality. Linkage methods from endpoint to services may include measurement of the
densification of stands, shifts in tree dominance, shifts in lichen communities, foliar nitrogen

increases, and increasing nitrate concentrations in streams.

2.3.5 Sulfur and Mercury Methylation

The major ecosystem services potentially impacted by mercury methylation are
provisioning and cultural services. Fishing and shellfishing can involve both commercial
operations and sport fishing, which provide food for human populations. For some socio-
economic groups (especially involving groups with low incomes), fishing is a subsistence
activity that makes a very significant contribution to household food intake. Sport fishing often
involves important recreational services, and for many groups (e.g., Native Americans and
Alaska native Villagers), fishing and consuming local fish or shellfish is of cultural and spiritual
significance. A synthesis of the ecological service and valuation aspects of fishing and
shellfishing activities, with a focus on issues related to mercury pollution issues affecting human
health and well being, is found in the Regulatory Impact Analysis of the Clean Air Mercury Rule
(U.S. EPA, 2005) and in the Mercury Study Report to Congress (U.S. EPA, 1997).
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Table 2.3-1. Ecological Impacts Associated with Acidification, Nutrient Enrichment, and Increased Mercury Methylation and Their
Associated Ecosystem Services

= Decline in fish population

contamination

® Decline in fish
population

= Decline in shoreline
quality (erosion)

= Poor water clarity
and color

= Unpleasant odors

Targeted Effect
Area Provisioning Services Regulating Services | Cultural Services Supporting Services
Aquatic Acidification | = Fish kills Decline in habitat Fish kills
= Decline in fish population Decline in fish
» Decline in aquatic species population
richness, abundance, and Decline in aquatic
health species richness,
abundance, and health
Terrestrial = Decline in forest = Increase forest soil | = Decline in forest
Acidification productivity erosion aesthetics
= low water retention | ® Increase forest soil
erosion
= Jow water retention
Aquatic Nutrient = Fish kills = Decline in shoreline | = Fish kills = Surface scum
Enrichment » Fish/water contamination quality (erosion) = Fish/water

Terrestrial Nutrient
Enrichment

DRAFT

2-11

August 2008




Chapter 2 — Overview of Risk and Exposure Assessment

Targeted Effect
Area

Provisioning Services

Regulating Services

Cultural Services

Supporting Services

Coastal Sage Scrub
(CSS)

= Decline in habitat,
shrub abundance,
species of concern

= Increase abundance
of non-natives

® Increase in wildfires

= Decline in habitat,
shrub abundance,
species of concern

= Increase abundance
of non-natives

= Increase in wildfires

Mixed Conifer Forest = Change in habitat = Change in habitat = Change in forest’s
suitability suitability nutrient cycling,
* Increased tree ® Increased tree causing other nutrients
mortality mortality to become limiting
® Increase in fire = Decline in mixed
intensity conifer forest
= Decline in surface aesthetics
water quality
Sulfur and Mercury = Fish kills = Fish kills
Methylation *» Fish/water contamination = Fish/water
» Decline in fish population contamination
= Decline in fish
population
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24 UNCERTAINTY

A risk assessment of this scope, with four targeted effect areas, includes several
components that rely on numerous analytical tools and techniques, data sources, and analyses,
each containing some degree of uncertainty. The environmental effects of nitrogen and sulfur
deposition vary widely in both terrestrial and aquatic ecosystems and may be either direct or
indirect. The natural resistance of an ecosystem will also affect the severity of its response. In
addition to the natural variability in any given ecosystem, there are likely to be sources of
uncertainty related to the input parameters necessary to evaluate current conditions associated
with nitrogen and sulfur deposition. For example, empirical data will contain uncertainties
associated with measurements and analyses, whereas modeling results propagate uncertainties
due to the scale and representativeness of the model input data. Due to the inherent complexity
of the environmental processes involved with nitrogen and sulfur, uncertainty is difficult to
define and capture quantitatively, especially within the scope of this review.

Some of the categories of uncertainty include (1) air quality/deposition and ecological
modeling (with their associated parameterizations and input data), (2) characterization of
sensitive ecosystems, and (3) the case study selection process along with the applicability of case
study results to larger geographic areas. The magnitude of these uncertainties will vary
depending on the associated data quality and availability. Each aspect and component of the risk
assessment may be uncertain and, depending on its position in the analytical chain, may cascade
through subsequent steps in the analysis and thus have a multiplicative effect on the overall
uncertainty in final risk estimates.

Some key sources of uncertainty in each stage of the risk assessment are the following:

= QGaps in scientific knowledge of physical, chemical, atmospheric, and ecological

Processes

» Variability in estimated relationships between atmospheric concentrations and deposition

that is not captured by existing models and analytical techniques

= Insufficient measurements in time and space to properly characterize ambient conditions

for variables such as deposition, soil chemistry, and species composition
= Errors in measurements

= Use of surrogate variables and simplification of complex functions
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= Biases due to omissions or other research limitations.

The various sources of uncertainty will be discussed, as appropriate, within each section

of the risk assessment.
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3. SOURCES, AMBIENT CONCENTRATIONS, AND
DEPOSITION

This chapter discusses current emissions sources of nitrogen and sulfur, as well as
atmospheric concentrations, policy-relevant background, non-ambient loadings to ecosystems,
and estimates of deposition for nitrogen and sulfur nationwide. Both measured and modeled data
are used to evaluate current contributions of nitrogen and sulfur compounds to the case study
locations described in detail in Attachments 2 through 6. The impacts of spatial and temporal
parameters on ambient concentrations and their associated deposition are evaluated in Section
3.2.1. The relative contributions of ambient concentrations on deposition are evaluated in Section
3.2.2 using a response surface model analysis. The deposition fields described here will be used

as modeling input for the individual case study modeling described in Attachments 2 through 6.

3.1 SCIENCE OVERVIEW

Prior to analyzing the effects of nitrogen and sulfur deposition to the environment, we
must first evaluate the ambient emissions, transformations, and transport of nitrogen and sulfur
in the atmosphere. As noted in the introduction, the terms “oxides of nitrogen” and “nitrogen
oxides” (NOy) refer to all forms of oxidized nitrogen compounds, including nitric oxide (NO),
nitrogen dioxide (NO;), and all other oxidized nitrogen-containing compounds transformed from
NO and NO,. Additionally, reduced forms of nitrogen (e.g., NH3 and NH,", collectively termed
NHy) can also play an important role in the emission, transformation, and deposition and are
included in this review. Much like NOy, additional NHy can lead to increased acidification and
nutrient enrichment in ecosystems. Sulfur oxides (SOy) refer to all oxides of sulfur, including
SO, SO,, SO3, and disulfur monoxide (S;0); however, only SO, is present in concentrations

relevant for atmospheric chemistry and ecological exposures.
3.1.1 Sources of Nitrogen and Sulfur

3.1.1.1 NO

The total amount of NOy emitted is 20.8 million tons/yr; NOy emissions by state are

shown in Figure 3.1-1.
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Figure 3.1-1. Annual NOy emissions by state for 2002 (U.S. EPA, 2002).

Combustion sources are the primary emitters of NOy; their main emissions are in the
form of NO and NO,. The major combustion sources of NOy are on-road motor vehicles and
electrical utilities, with contributions from stationary engines, off-road vehicles, and industrial
facilities. Nationally, anthropogenic sources account for approximately 87% of total NOy
emissions. Mobile sources (both on-road and off-road) account for about 60% of total
anthropogenic emissions of NOy, whereas stationary sources (e.g., electrical utilities and
industry) account for the remainder (2007 ISA Annex2 Table 2-1). Highway vehicles represent
the major mobile source component. In the United States, approximately half the mobile source
emissions are contributed by diesel engines and half are emitted by gasoline-fueled vehicles and
other sources (2007 ISA Annex2 Section 2.1.1 and Table 2-1). Apart from these anthropogenic
sources, there are also natural sources of NOy, including lightning, wildfires, and microbial
activity in soils (2007 ISA Annex2 Section 2.1.2).

The distribution of NOy emissions across major source categories is shown in the pie
charts in Figure 3.1-2. Charts are provided to show the distribution of emissions on a national
total basis, as well as for the eastern and western United States, due to differences in source
emissions profiles. For this display, we have defined the eastern United States to include Texas,

Oklahoma, Kansas, Nebraska, the Dakotas, and all states to the east. All other states are included
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

as part of the western United States. Note that emissions from Alaska and Hawaii are not
included in any of these charts.

In both the East and West, a number of emissions sectors contribute relatively large
amounts to the overall NOy inventory. In general, NOy emissions in the East are far greater than
in the West. Most of the NOy in the West is emitted from sources in California (not shown). The
on-road sector is the largest contributor, followed by emissions from utilities (Electric
Generating Units [EGUs]). The non-road, aircraft/locomotive/marine, and non-EGU point
emissions contribute generally similar amounts to the overall NOy inventory. Although NOy
emissions from fires are a relatively small fraction of the annual total emissions in the West, fires

are episodic events, and thus, emissions can be quite high during those events.

aircraft/ aircraft/
locomotive/ locomotive/
non-EGU point marine non-EGU point  arine
% 1% nonroad 12% 10% nonroad

EGU
23% 10% EGU
%%

10%

stationary area
7% fires onroad stationary area  fireg onroad
1% 38% 8% 0% 36%

2002 NO, Nationwide:

20.8 million tonslyr 2002 NO, Eastern U.S.:

17.2 million tons/yr

aircraft/

locomotive/
non-EGU point  marine

EGU 9% 13%

15% nonroad

13%
stationary area
6%
fires
2% onroad
42% Source: U.S. EPA,

2002 NO, Western U.S.:
3.6 million tons/yr

Figure 3.1-2. The distribution of NOx emissions across major source categories in 2002.

3.1.1.2 NH,

Total emissions of NHy are 4.0 million tons/year; Figure 3.1-3 shows annual ammonia

emissions by state during 2002.
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Figure 3.1-3. Annual emissions of NH3 by state during 2002 (U.S. EPA, 2002).

The primary anthropogenic sources of NHy emissions are fertilized soils and livestock.
Confined animal feeding operations (CAFOs) and other intensified agricultural production
methods have resulted in greatly increased volumes of animal wastes, of which 30%—70% may
be emitted as NH3. Motor vehicles and stationary combustion are small emitters of NHy. Some
NHs is emitted as a by-product of NOy reduction in motor vehicle catalysts.

Where possible, our analyses will separate oxidized from reduced forms of nitrogen to
show the impact from each component, as well as the overall impact from total reactive nitrogen.

This will play an important role in the standard-setting process, as discussed in Chapter 8.

3.1.1.3 SO

Total emissions of SO, are 14.7 million tons/yr; Figure 3.1-4 shows annual SO,

emissions by state during 2002.
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Figure 3.1-4. Annual SO, emissions in 2006 for acid rain program cooperating facilities
(U.S. EPA, 2008).

Industrial emissions of SO; in the United States are mainly due to the combustion of
fossil fuels by electrical utilities (~66 %) and industry (~29%); transportation-related sources
contribute minimally (~5%) (2002 statistics) (U.S. EPA, 2006d). Thus, most SO, emissions
originate from point sources. Almost all the sulfur in fuel is released as volatile components (SO,
or SO3) during combustion. The higher sulfur content of coal compared to other types of fossil
fuels results in higher SO, emissions from electrical utilities using this type of fuel.

The largest natural sources of SO, are volcanoes and wildfires. Although SO, constitutes
a relatively minor fraction (0.005% by volume) of total volcanic emissions (Holland, 1978),
concentrations in volcanic plumes can be up to tens of ppm. Volcanic sources of SO; in the
United States are limited to the Pacific Northwest, Alaska, and Hawaii. Sulfur is a component of
amino acids in vegetation and is released during combustion. Gaseous sulfur emissions from this

source are mainly in the form of SO..
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

Emissions of SO, from burning vegetation are generally in the range of 1%—2% of the
biomass burned (Levine and Pinto, 1998).

The distribution of SO, emissions across major source categories are shown in the pie
charts in Figure 3.1-5. As with the pie charts for NOy, charts are provided to show the
distribution of emissions on a national total basis, as well as for the eastern and western United

States. Note that emissions from Alaska and Hawaii are not included in any of these charts.

EGU EGU
1% 2%

non-EGU point
non-EGU point 15%

%

. aircraft/
stationary area aircraft/ stationary area locomotive/
0, .
9% locomotive/ 8% 0% nonroad ~ Marne
fires marine onroad  qo; 2%
2%
0%  onroad 2% °
2%
2002 SO, National Annual: 2002 SO, Eastern U.S.:
14.7 million tons/yr 13.8 million tonsl/yr
EGU

47%

non-EGU point
21%

stationary area
14%

aircraft/
nonroad Iocomphve/
1 3% marine
onroad 8%
3%

2002 SO, Western U.S.: 920,000
tons/yr

Source: U.S. EPA,
fires

0,

Figure 3.1-5. The distribution of SO, emissions across major source categories in 2002
(U.S. EPA, 2002).

Similar to emissions of NOy, emissions of SO, are much greater in the East than in the
West. The breakout of SO, emissions by source sector indicates that EGU emissions dominate in
both the East and the West, but they are a much greater fraction of the inventory in the East
(72%) compared to the West (47%). In the West, stationary area sources and non-EGU point
sources also have a greater contribution to SO, than in the East. Note that SO, emissions from
fires are understated in the National Emissions Inventory (NEI) due to an error in the emissions

calculations.
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

3.1.2 Ambient Concentrations and Policy-Relevant Background

Policy-relevant background concentrations are those concentrations that would occur in
the United States in the absence of anthropogenic emissions in continental North America
(defined here as the United States, Canada, and Mexico). For NO, policy-relevant background
concentrations are less than 300 parts per trillion (ppt) over most of the continental United States
and less than 100 ppt in the eastern United States on an annual average basis (U.S. EPA, 2008).
In urban areas near monitoring locations, 24-hour ambient NO, concentrations averaged less
than 20 parts per billion (ppb), with a 99 percentile value of less than 50 ppb. Annual average
NO, concentrations over the continental United States are less than 5 ppb for nearly all urban,
rural, and remote sites. According to the ISA (U.S. EPA, 2008), background SO, concentrations
are less than 10 ppt throughout most of the continental United States, except in areas of the
Pacific Northwest, where natural SO, sources are particularly strong due to volcanic activity.
Maximum policy-relevant background SO, concentrations are 30 ppt. In general, policy-relevant
background concentrations of SO, contribute less than 1% of current concentrations, except in
the Pacific Northwest, where policy-relevant background concentrations can contribute up to
80% (U.S. EPA, 2008).

The analyses for the REA examine the contribution of total reactive nitrogen and sulfur

above the policy-relevant background concentrations.

3.1.3 Non-ambient Loadings of Nitrogen and Sulfur

Not all loadings of nitrogen and sulfur compounds to ecosystems are due to atmospheric
deposition. Other inputs, such as run-off from agricultural soils to waterbodies and point-source
discharges, also contribute to acidification and nutrient enrichment. In this assessment, we
examine the atmospheric contribution due to total reactive nitrogen and sulfur, recognizing that
some systems may be solely impacted by atmospheric deposition, while effects in other systems
might be largely due to non-atmospheric sources. This source distinction will play an important

role in the standard-setting process.
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3.1.4 Deposition

3.1.4.1 Nitrogen

As noted in the ISA (U.S. EPA, 2008), increasing trends in urbanization, agricultural
intensity, and industrial expansion during the previous 100 years have produced a nearly ten-fold
increase in atmospherically deposited nitrogen. Increased deposition of reduced nitrogen in the
United States, measured as NH4 " deposition, correlates well with the local and regional increases
in agricultural intensity (U.S. EPA, 2008).

From 2004-2006, mean nitrogen deposition was greatest in the Ohio River Valley,
specifically in Indiana and Ohio, which had values as high as 9.2 and 9.6 kg ha' y”',
respectively. Nitrogen deposition was lower in other parts of the East, including the Southeast,
and in northern New England. The greatest deposition in the central United States occurred in
Kansas and Oklahoma, which reported 7.0 and 6.5 kg ha™ y™', respectively. Figure 3.1-6 shows
the total nitrogen deposition for 2002; Figures 3.1-7 and 3.1-8 show the total oxidized and
reduced nitrogen deposition in the United States in 2002, respectively.

In most regions of the United States, wet deposition of nitrate (NO3) and NH, " are the
primary pathways of nitrogen deposition. Next most common is deposition in dry forms, as dry
HNO;, NH,", and nitrate ions. This varies regionally as some of the arid Western areas have
higher rates of dry deposition than the more humid East.

Atmospheric nitrogen loads to the Great Waters and estuaries in the United States are
estimated to range from approximately 2%—38% of total atmospheric deposition. In the
Chesapeake Bay, where nitrogen deposition and its ecological effects have been extensively
studied, direct deposition of atmospheric nitrate is estimated to contribute from 20%—-30% of

total nitrogen and to 14% of the ammonium loadings.

DRAFT 3-8 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

Total Mitrogen
kgiatyr

| EELEEE
| ELEERFIRD
| ELRIRRLEE
| TR

B 58 - w2

[ laie-58s

] 1418 Bowros ol wil deoosiion (NS4 ond MOG) MADE 2002
Sovuce ol dry Degastion (HH, HA, NOS, HRO3, MO, NOE, N2OS, PAN; HOND, ant NTRorgane ninse CMAS 2003

Figure 3.1-6. Total wet and dry nitrogen deposition in the United States in 2002.
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Figure 3.1-7. Total wet and dry oxidized nitrogen deposition in the United States in 2002.
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Figure 3.1-8. Total wet and dry reduced nitrogen deposition in the United States in 2002.

3.1.4.2  Sulfur

Average sulfur deposition was highest in the eastern United States during 2004—2006,
with the maximum in the Ohio River Valley. In this region, measured sulfur deposition was 21.3
kg ha y' at one monitoring station; most recording stations reported 3-year averages greater
than 10 kg ha™' y' (U.S. EPA, 2008) Total sulfur deposition in the United States west of the
100th meridian was relatively low, with all recording stations reporting less than 2 kg ha™' y'and
many reporting less than 1.0 kg ha™ y™'. Total wet and dry sulfur deposition for 2002 are shown
in Figure 3.1-9.

The primary form of sulfur deposited is wet sulfate (SO,); smaller contributions to

deposition are made by dry sulfur dioxide and dry sulfate.
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Figure 3.1-9. Total wet and dry sulfur deposition in the United States in 2002.

3.2 DATASETS

To create composite nitrogen and sulfur deposition datasets of both wet and dry

constituents, two data sources were used:

= 2002 measured wet deposition from the National Atmospheric Deposition Program

(NADP) National Trends Network (NTN).

= 2002 estimated dry deposition from the Community Multiscale Air Quality (CMAQ)

model.

The NADP data is collected at several hundred point locations across the contiguous
United States. From these points, analysts at the NADP network generated continuous surfaces at
a 2.5-kilometer (km) grid cell resolution by using an inverse distance weighted (IDW) algorithm.
The species of sulfur collected was SO4, while for nitrogen it was NOjs for oxidized nitrogen and

NHy for reduced nitrogen.
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

The CMAQ data was generated at a 12-km grid cell size and consisted of many estimated
deposition values, including total dry sulfur, total dry nitrogen, total dry oxidized nitrogen, and
total dry reduced nitrogen. For total dry oxidized nitrogen, the species were NO3;, HNO;, NO,
NO,, N,Os, PAN, nitrous acid (HONO), and organic nitrate (NTR), while for total dry reduced
nitrogen, the species were NH; and NH,.

Both input datasets contained deposition values in kilograms per hectare (kg/ha)/yr. The
NADP data was at a finer spatial resolution, and in order to add the two gridded datasets
together, the finer NADP dataset was resampled up to the 12-km scale of the CMAQ data. Once
both datasets were at the same spatial resolution, the deposition values could be added together
on a grid cell by grid cell basis. In order to calculate total nitrogen, the two chemical species
from the NADP (i.e., NOs; and NHy4) were added together and then added to the total dry nitrogen
estimated values from CMAQ.

3.2.1 Spatial and Temporal Characterization of Concentrations and Deposition for

Case Study Areas

3.2.1.1 Purpose and Intent

The purpose of this section of Chapter 3 is to describe the spatial and temporal patterns of
nitrogen and sulfur deposition and NOy and SOy concentrations? in and near five of the case
study areas.? In this analysis, we characterize and compare the magnitude, spatial gradients, and
intra-annual and inter-annual variation in nitrogen and sulfur deposition and NOx and SOy
concentrations for each case study area. In addition to improving our overall understanding of
the behavior of nitrogen and sulfur deposition, the results and findings of this analysis are

intended to provide information on the following:

= The relative portion of oxidized nitrogen versus reduced nitrogen
= The relative amounts of wet and dry deposition of nitrogen and sulfur

* The magnitude of NOy and SOy concentrations.

2 For the purpose of this analysis, NOy is defined to be NOy, which includes the following species: NO, NO,, HNO;,
and PAN. SO, is defined as SO,.

3 The case study areas are identified as case study locations in Chapter 2, Table 2.1-1.
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

We refer to wet/dry oxidized/reduced nitrogen and wet/dry sulfur deposition as the
components of total reactive nitrogen and total sulfur deposition, respectively.

The inter-relationships of physical, chemical, and meteorological processes and land use
that affect the spatial and temporal patterns of deposition and concentration are complex. The
state of the science regarding these processes is described in the ISA. The main goal of chapter 3
is to help readers understand the characteristic patterns of deposition in the case study areas and
how these patterns might influence the overall levels of adverse effects under current conditions.
It is beyond the scope of this chapter to fully explain the characteristics revealed by the analysis
of modeled and measured deposition and concentrations. Further exploration of these behaviors

should be the subject of future research efforts.

3.2.1.2 Data and Tools

Both air quality model predictions and ambient measurements* are used in this analysis.
The modeled data were obtained from annual simulations of the CMAQ model (Byun and Ching,
1999; Byun and Schere, 2006; Dennis et al., 1996) version 4.6.1. The measured data include wet
deposition of SO4, NO3, and NHy4 from the NADP network and SO, measurements from Clean
Air Status and Trends Network (CASTNet). We chose to use both measured and modeled data
since each dataset provides information and value not fully captured by the other. The relative
strengths and limitations of these datasets are described as part of the uncertainty discussion in

Section 3.2.1.5.
Modeled Data

The CMAQ model is a comprehensive, three-dimensional grid-based Eulerian air quality
model designed to simulate the formation and fate of gaseous and particle (PM) species,
including ozone, oxidant precursors, and primary and secondary PM concentrations and
deposition over urban, regional, and larger spatial scales. CMAQ is run for user-defined input
sets of meteorological conditions and emissions. For this analysis, we are using results from
several existing CMAQ runs. These runs were made for modeling regions (i.e., modeling
domains) covering the eastern and western United States, as shown in Figure 3.2-1. The

horizontal spatial resolution of the CMAQ grid cells in these domains is approximately 12 x 12

4 We use the “ modeled data” to refer to the model predictions and “measured data” to refer to ambient
measurements.
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km. For the eastern domain, we have model outputs from annual CMAQ runs using meteorology
and emissions for each of the 5 years from 2002 through 2006. (Note that the current analysis is
based on a 2002 CMAQ model run; in the second draft risk and exposure assessment, we will
present results based on 2002—-2006 model runs.) We also have 12-km CMAQ data from the
western domain for 2002. These annual CMAQ runs feature year-specific meteorology, as well
as year-specific inventories for key emissions source sectors such as utilities, on-road vehicles,
non-road vehicles, wildfires, and natural biogenic sources. Emissions for other sectors of the
inventory for each of the years modeled rely on inventories for 2002. The inputs for these
CMAQ runs were developed based on the data, procedures, and tools in the 2002 Multi-Pollutant
Air Quality Modeling Platform. Details on the development and evaluation of this platform are

described elsewhere.>

Eastern Domain
Western Domain

Figure 3.2-1. CMAQ 12-km eastern and western modeling domains.
The CMAQ runs produce hourly concentrations and wet and dry deposition of individual

pollutant species in each grid cell within the domain. Concentration predictions for NO, as NO,6

and SOy as SO,, both in units of ppb, are produced as part of our standard model output. The

3 Placeholder for citation for the 2002 Platform Report.
6 NOy is defined as the sum of CMAQ predictions for NO, NO,, HNOs, and PAN.

DRAFT 3-15 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

1  CMAAQ deposition data for nitrogen and sulfur species are used to calculate oxidized and reduced

2 wet and dry nitrogen deposition, wet and dry sulfur deposition, and total reactive nitrogen and
3 total sulfur deposition. These composite deposition variables are derived from the species
4 1identified in Table 3.2-1, as applied in the formulas shown in Table 3.2-2. The CMAQ
5  deposition data are in units of kg/ha. We are also including in the analysis gridded precipitation
6  data that were input to the CMAQ runs to help understand the temporal and spatial behavior of
7  wet deposition.
Table 3.2-1. CMAQ Nitrogen and Sulfur Deposition Species
CMAQ Species Chemical Name
ANO; Particle Nitrate
HNO; Nitric Acid
N>Os Nitrogen Pentoxide
HONO Nitrous Acid
NO Nitric Oxide
NO, Nitrogen Dioxide
PAN Peroxyacyl Nitrate
NTR Organic Nitrate
ASOy4 Particle Sulfate
SO, Sulfur Dioxide
Table 3.2-2. Formulas for Calculating Nitrogen and Sulfur Deposition
Deposition
Type Formula
Oxidized 0.2258*ANO; + 0.2222*HNO; + 0.4667*NO + 0.3043*NO, +
Nitrogen 0.2592*N,0s + 0.1157*PAN + 0.2978*HONO + 0.1052*NTR
Reduced 0.7777*NH4 + 0.8235*NH;
Nitrogen
Sulfur 0.3333*AS04 + 0.5000*SO,
8 Measured Data
9 [Placeholder for description of Grimm-Lynch data base containing gridded wet
10 deposition data for NOs, SOy, and NH,+NH;. (Grimm and Lynch, 2004).]
11 [Placeholder for description of CASTNet SO, data base.]
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

[Placeholder for discussion of why existing NO, measurements are not appropriate for

this analysis... ...i.e., no monitors in rural areas.]

3.2.1.3 Analytical Techniques

As noted above, this analysis focuses on five case study areas, four in the East and one in
the West. Two of the eastern Case Study Areas, the Adirondack Mountains of New York (ADR)
and western Virginia (VIR) were selected in order to examine the effects of acidification. The
ADR includes 44 lakes and ponds and the VIR includes 61 streams that are being modeled using
the MAGIC water quality model. The other two eastern case study areas in the East are the
Potomac and Neuse river basins, which were selected to analyze the effects of nutrient
enrichment.

[Placeholder for description of the western case study area]

The characterization of deposition and concentrations for each of these areas is presented

in terms of the following:
= The relative amount of oxidized nitrogen versus reduced nitrogen deposition

= The relative amount of wet versus dry deposition of nitrogen and sulfur

= The magnitude and spatial gradients of annual total nitrogen and sulfur deposition and

each of the component species

= The intra-annual variation in nitrogen and sulfur deposition and each of the component

species based on seasonal and monthly deposition data
= The inter-annual variation in nitrogen and sulfur deposition

* The magnitude, spatial gradients, and intra-annual variation of annual average NOy and

SO, concentrations.
[(7) Placeholder for analysis of the influence of inter-annual variability in meteorology
on deposition — this analysis will be added in the second draft of this document.]

Approach for Analyzing CMAQ Deposition—Eastern United States Case Study

Areas

To analyze the CMAQ data, we developed procedures for mapping the CMAQ 12-km

grid cells to each of the case study areas. The first step in this process was to identify the
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hydrologic unit codes (HUCs)” 89 within each area. We then used GIS to overlay the CMAQ
grid cells on these HUCs in order to link specific grid cells to each HUC. A grid cell was linked
to a HUC if any part of the grid cell touched a portion of the HUC. Note that a grid cell may be
linked to more than one HUC using this approach. The map in Figure 3.2-2 shows the four
eastern case study areas, along with the HUCs in each area and the outer boundary of the CMAQ

grid cells that cover the area.

HUC:s are used to identify the drainage basins within the United States. See
http://imnh.isu.edu/digitalatlas/hydr/huc/huctxt.htm for additional information on HUCs.

8 We used finest-resolution HUC information available, which was 11-digit HUCs for the ADR, 12-digit HUCs for
the VIR area, and 8-digit HUCs for the Potomac and Neuse.

In our analyses for the ADR and VIR areas, we selected the HUCs that contain the lakes/ponds and streams to be
modeled with MAGIC. For the Potomac and Neuse, we included all the HUCs within the watersheds for each of
these areas.
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Figure 3.2-2. Case study areas in the eastern United States.
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Using the set of selected grid cells, we calculated the monthly, seasonal,! and annual
total deposition of wet and dry oxidized nitrogen, reduced nitrogen, and sulfur for each HUC in
each area. This was done by summing the CMAQ deposition data for all the grid cells linked to
the HUC. We also calculated the total deposition for each case study area as a whole using
deposition data for the set of unique grid cells that cover the entire case study area. To analyze
the intra-annual temporal patterns in nitrogen deposition, we computed the percentage of annual
total deposition and precipitation that was predicted in each season and each month.

In addition to the HUC-level aggregations, we also prepared maps showing annual total
deposition based on the gridded modeled data. These maps are used to (1) characterize the spatial
gradients in nitrogen and sulfur deposition across each case study area and (2) compare the

amount of deposition in each case study area to that in other adjacent parts of the region.

Approach for Analyzing CMAQ Deposition — Western United States Case Study

Area
[Placeholder for this approach, if different from what we are doing for the East]
Approach for Analyzing Measured Deposition Data
[Placeholder for this approach]
Approach for Analyzing CMAQ Concentration Data
[Placeholder for this approach]
Approach for Analyzing Measured Concentration Data

[Placeholder for this approach]

3.2.1.4 Results and Findings

The results for each case study area are presented in the following manner. The
characterization of nitrogen deposition is presented first, followed by the results for sulfur
deposition. For nitrogen deposition, we describe the relative contribution of wet and dry oxidized
and reduced nitrogen to annual total reactive nitrogen deposition in the case study area and

examine how the contribution varies geographically across the area. We have a similar analysis

10 Seasonal deposition and precipitation were calculated based calendar quarters (e.g., Jan/Feb/Mar is the winter
season).
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for wet and dry sulfur deposition. The analysis of contribution is followed by an analysis of
spatial gradients in annual deposition. Next, we look at the seasonal and monthly (i.e., intra-
annual) variation in each component of deposition for the case study area, along with the
geographic variation in temporal patterns. We then investigate the inter-annual variability in
deposition over the period 2002 through 2006 (in the second draft risk and exposure assessment).
[Placeholder: may also include analysis of influence of inter-annual met variability on

deposition]
Adirondack Mountains Case Study Area

A map of the ADR is provided in Figure 3.2.1-3. This map shows the location of the 44
lakes and ponds and the HUCs which include these sites. The sites shaded in yellow represent 15

sites selected for analysis of the geographic variation deposition across the ADR.
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Relative Contribution of Wet and Dry Oxidized and Reduced Nitrogen Deposition

In Figure 3.2-4, we show the contribution to annual nitrogen deposition from wet and dry
oxidized nitrogen and reduced nitrogen for the ADR as a whole, based on the 2002 CMAQ
modeling data. Deposition of total reactive nitrogen in this case study area is dominated by
oxidized nitrogen (69% oxidized nitrogen vs 31% reduced nitrogen). Oxidized nitrogen
deposition is fairly evenly divided between wet and dry. In contrast, wet deposition is the largest
contributor to reduced nitrogen (25% wet vs 6 %dry). Overall, the predicted total wet deposition
(oxidized and reduced) is greater than dry deposition by 61% vs 39%. Figure 3.2-5 indicates that
the relative proportion of wet/dry oxidized/reduced nitrogen are generally similar across the
ADR. Oxidized nitrogen deposition is greater than reduced nitrogen deposition in all locations
with oxidized nitrogen contributing in the range of approximately 65%—75% of the total reactive
nitrogen deposition. There does appear to be some geographic differences in wet vs dry
deposition. Total wet deposition (oxidized nitrogen + reduced nitrogen) is in the range of 60% to
70% (with dry 30% to 40%) in the western portion of the ADR. In the eastern ADR, the portion
of wet is somewhat less at 50% to 55%. Looking at oxidized nitrogen alone, it appears that wet
oxidized nitrogen is generally a larger fraction of total reactive nitrogen compared to dry
oxidized nitrogen in the southern/western portions of the ADR (35% to 40% wet oxidized
nitrogen vs 25% to 30% dry oxidized nitrogen). However, in other portions of this case study
area, wet and dry oxidized nitrogen are either roughly equivalent or dry deposition is a larger
fraction to total reactive nitrogen deposition. For reduced nitrogen, wet deposition is much larger
than dry reduced nitrogen in all portions of the ADR.

[Placeholder for contribution analysis based on measured data and a comparison

between measured and modeled in terms of wet Ox vs wet Re N dep]
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Figure 3.2-4. Contribution to annual total 2002 modeled
deposition for the Adirondack Case Study Area.
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m—— ADR Case Study Area
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Figure 3.2-5. Contribution from wet/dry reduced and oxidized nitrogen to modeled
2002 annual total nitrogen deposition in the Adirondack Case Study Area.

Spatial Gradients in Annual Nitrogen Deposition Across the ADR

The annual total 2002 modeled total reactive nitrogen deposition in the ADR, as shown in
Figure 3.2.1-6, reveals a clear spatial gradient in total reactive nitrogen deposition across the
region. For example, total reactive nitrogen deposition is greater than 14 kg/ha in the southwest
ADR compared to less than 8 kg/ha in the east. The spatial gradient in total reactive nitrogen
deposition is largely driven by wet deposition as evident by comparing the wet nitrogen
deposition map in Figure 3.2.1-7 to the dry nitrogen deposition map in Figure 3.2.1-8. The west

to east gradient in wet nitrogen deposition appears to be much stronger than the gradient in dry

DRAFT 3-25 August 2008



(o)

1 deposition. From Figure 3.2-9, it is evident that the relatively high total reactive nitrogen
2 deposition in the southwestern portion of the ADR is part of a broad area of high deposition that
3 stretches westward from this case study area along the southern shore of Lake Ontario toward
4  western Pennsylvania and beyond.
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Figure 3.2-6. Modeled 2002 annual total nitrogen deposition across
the Adirondack Case Study Area.
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Figure 3.2-7. Modeled 2002 annual wet deposition of nitrogen
across the Adirondack Case Study Area.
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Figure 3.2-8. Modeled 2002 annual dry deposition of nitrogen
across the Adirondack Case Study Area.

DRAFT 3-28 August 2008



\S)

0o N N n B~ W

Chapter 3 — Sources, Ambient Concentrations, and Deposition

Total Deposition (kg/ha) Nitrogen
Legend
|:|J-DFI BNy Ales ™
el Deposition RSrogen
= 10HD% B0
= G0 4 100
== 100 o< 120

== 1201140
2cid ] o= 150
EL R R E A
== 50 in =00
== 200 lo=Tel

Warresnl

M HampiTds

lenri-‘r

Figure 3.2-9. Modeled 2002 annual total nitrogen deposition across the Northeast.

The spatial patterns in wet and dry oxidized and reduced nitrogen are shown in Figures
3.2-10a—d. Wet oxidized and wet reduced nitrogen are similar in terms of west to east gradients,
as expected since wet deposition of both oxidized and reduced nitrogen are largely driven by
precipitation. In contrast, dry oxidized nitrogen deposition is largest in a southeast to northwest
band across the mid-portion of the ADR. The amount of dry reduced nitrogen is small compared

to the other components of nitrogen deposition with little spatial variation.
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Figure 3.2-10a. Modeled 2002 annual wet oxidized nitrogen deposition
across the Adirondack Case Study Area.
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Figure 3.2-10b. Modeled 2002 annual dry oxidized nitrogen deposition
across the Adirondack Case Study Area.
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Figure 3.2-10¢c. Modeled 2002 annual wet reduced nitrogen deposition
across the Adirondack Case Study Area.
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Figure 3.2-10d. Modeled 2002 annual dry reduced nitrogen deposition
across the Adirondack Case Study Area.
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[Placeholder for spatial patterns in measured vs modeled wet nitrate dep.]

Intra-Annual Variation in Nitrogen Deposition in the ADR

The seasonal variation in modeled 2002 total reactive nitrogen deposition is shown in
Figure 3.2-11. Note that the data in this figure represent the percentage of annual total
deposition that was predicted to occur in each season. For example, 29% of the 2002 modeled
total reactive nitrogen deposition was predicted in the spring, with 27% in winter and 25% in the
fall. The least amount of total reactive nitrogen deposition was in the summer, with 19% of the
annual total. Although there seem to be relatively little seasonal differences in total reactive
nitrogen deposition, this is not the case when broken out by wet and dry deposition for oxidized
nitrogen and reduced nitrogen. The season percent of annual total modeled deposition of wet/dry
oxidized nitrogen and reduced nitrogen, along with precipitation, are shown in Figures 3.2-12
and 3.2-13, respectively. The figures indicate that wet deposition of both oxidized and reduced
nitrogen tend to track the temporal pattern in precipitation, with reduced nitrogen a closer match
to precipitation than oxidized nitrogen. The clearest signal in the data is the minimum in wet
deposition of both oxidized nitrogen and reduced nitrogen in the summer of 2002. The seasonal
variations in dry deposition of both oxidized nitrogen and reduced nitrogen are very different
from that of wet deposition. Dry oxidized nitrogen is fairly consistent from season to season,
whereas reduced nitrogen shows a definite seasonal pattern that peaks in the summer. Thus,
although there is relatively little intra-annual variation in total reactive nitrogen deposition, there

are considerable seasonal differences in several of the individual components.
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Figure 3.2-11. Percent of annual total nitrogen deposition by season for the Adirondack
Region, based on 2002 CMAQ modeling.
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Figure 3.2-12. Percent of annual precipitation and reduced nitrogen deposition by quarter
for the Adirondack Region, based on 2002 CMAQ modeling.
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Figure 3.2-13. Percent of annual precipitation and oxidized nitrogen deposition by
quarter for the Adirondack Region, based on 2002 CMAQ modeling.

Additional insight into the temporal behavior of nitrogen deposition as modeled for 2002
is revealed by examining the time series of monthly data for the ADR, as shown in Figures
3.2-14 and 3.2-15 for oxidized nitrogen and reduced nitrogen, respectively. The monthly data
indicate that both wet and dry reduced nitrogen exhibit clear temporal patterns. Dry reduced
nitrogen increases from January to a peak in July, followed by a steady decline to December. In
contrast, the monthly pattern in dry oxidized nitrogen is fairly flat through most of 2002, as
evident from Figure 3.2-14. The monthly wet reduced nitrogen tracks the monthly precipitation

rather closely, with the highest deposition in late spring from April through June. The monthly
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temporal pattern of wet oxidized nitrogen does not follow precipitation to the same degree as wet

reduced nitrogen.
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Figure 3.2-14. Percent of 2002 annual precipitation and oxidized nitrogen deposition by
month for the Adirondack Region, based on 2002 CMAQ modeling.
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Figure 3.2-15. Percent of 2002 annual precipitation and reduced nitrogen deposition by
month for the Adirondack Region, based on 2002 CMAQ modeling.

The monthly wet oxidized nitrogen and wet reduced nitrogen data at the 15 selected sites
in the ADR are shown in Figures 3.2-16 and 3.2-17, respectively. The highest wet deposition in

nearly all areas occurs in March and April for both wet oxidized nitrogen and reduced nitrogen,
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although some sites also showed elevated levels of wet reduced nitrogen deposition extending
into June. A secondary peak in wet oxidized and reduced nitrogen is evident in October and
November at most locations. The minimum wet deposition tends to occur in July or July through

September.
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Figure 3.2-16. Percent by month of 2002 annual wet oxidized nitrogen
deposition for selected sites in the Adirondack Case Study Area.
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Figure 3.2-17. Percent by month of 2002 annual wet reduced nitrogen
deposition for selected sites in the Adirondack Case Study Area.

DRAFT 3-39

August 2008



—

o N N W Bk~ W

Chapter 3 — Sources, Ambient Concentrations, and Deposition

The monthly dry oxidized nitrogen and dry reduced nitrogen data at the 15 selected sites
in the ADR are shown in Figures 3.2-18 and 3.2-19, respectively. The temporal patterns of dry
oxidized nitrogen and dry reduced nitrogen are quite different. The dry oxidized nitrogen
temporal pattern is generally flat, except for notable peaks in January and March. In contrast, dry
reduced nitrogen deposition is at a minimum January and December. Values begin to increase in
March and reach a peak in June and July, followed by a steady month-to-month decline to
December. The dry oxidized nitrogen and dry reduced nitrogen monthly temporal patterns are

each fairly consistent across the ADR.
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Figure 3.2-18. Percent by month of 2002 annual dry oxidized nitrogen
deposition for selected sites in the Adirondack Case Study Area.
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Figure 3.2-19. Percent by month of 2002 annual dry reduced nitrogen
deposition for selected sites in the Adirondack Case Study Area.

[Placeholder for temporal analysis of wet dep based on measured data and a comparison

between measured and modeled wet Ox vs wet Re N dep]
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Relative Contribution of Sulfur Deposition

The contributions of wet and dry sulfur deposition to annual total sulfur deposition are
shown in Figure 3.2-20. The portion of wet sulfur deposition is much greater than dry, with 64%
wet versus 36% dry. The relative amount of wet and dry sulfur deposition is fairly uniform

across the ADR, as shown in Figure 3.2-21.

Dry Dep Sulfur
3%

Wet Dep Sulfur
B4%

Figure 3.2-20. Percentages by component of 2002 annual sulfur
deposition for the Adirondack Region.
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Figure 3.2-21. Contribution to 2002 modeled annual total
sulfur deposition.

Spatial Gradients in Annual Sulfur Deposition Across the ADR

The annual total 2002 modeled sulfur deposition across the ADR is shown in Figure
3.2-22. The spatial pattern in sulfur deposition is similar to the pattern in nitrogen deposition (see
Figure 3.2-19). Specifically, the highest amount of sulfur deposition is predicted in the southern
and western portions of the case study area. Like nitrogen deposition, sulfur deposition is greater
than 14 kg/ha in the southwest ADR compared to less than 8 kg/ha in the east. The spatial
gradient in total sulfur deposition is largely driven by wet deposition as evident by comparing the
wet sulfur deposition map in Figure 3.2-23 to the dry sulfur deposition map in Figure 3.2-24.
The spatial gradient in wet sulfur deposition appears to be much stronger than the gradient in dry
sulfur deposition. Like nitrogen deposition, the relatively high total sulfur deposition in the

southwestern portion of the ADR is part of a broad area of high sulfur deposition that stretches
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1 westward from the case study area along the southern shore of Lake Ontario toward western

2 Pennsylvania and beyond, as seen in Figure 3.2-25.
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Figure 3.2-22. Modeled 2002 annual total sulfur deposition across the
Adirondack Case Study Area.
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Figure 3.2-23. Modeled 2002 annual wet sulfur deposition across the
Adirondack Case Study Area.
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Figure 3.2-24. Modeled 2002 annual dry sulfur deposition across the
Adirondack Case Study Area.
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Figure 3.2-25. Modeled 2002 annual total sulfur deposition across
the Northeast.

Intra-Annual Variation in Sulfur Deposition in the ADR

In Figure 3.2-26, we show the seasonal patterns in modeled 2002 total sulfur deposition
in the ADR. In general, the relative amount of predicted sulfur deposition that falls in each
season is fairly similar during 2002. Like total nitrogen, the greatest portion of annual sulfur
deposition is predicted to occur in the spring (30%). The least amount of sulfur deposition is in
the summer at 20% of the annual total. Figure 3.2-27 provides a breakout of the seasonal
amounts in terms of wet and dry sulfur deposition. The seasonal percentages of precipitation are

provided for reference. The data in Figure 3.2-27 indicate that wet sulfur deposition is greatest
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during the spring, which is also the season with the highest predicted precipitation. Over 37% of
the annual wet sulfur deposition occurs in this season. In each of the other seasons, wet sulfur
deposition is in the range of 19%—-23%. Dry sulfur deposition is greatest in the winter (43% of
annual total) followed by the fall (28%). The spring and summer have the least amount of dry

sulfur deposition, with about 15% of the annual total in each of these seasons.
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Figure 3.2-26. Percent of annual total sulfur deposition by season for the Adirondack
Region, based on 2002 CMAQ modeling.
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Figure 3.2-27. Percent of annual precipitation and wet and dry sulfur deposition by
quarter for the Adirondack Region, based on 2002 CMAQ modeling.
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The 2002 modeled monthly wet and dry sulfur deposition data for the ARD, as a whole,
are displayed in Figure 3.2-28. These data show that wet sulfur deposition increases from a low
in January to a peak in May. There is a sharp drop in wet sulfur deposition in July associated
with a similar decline in precipitation. Moderately high amounts are predicted in August,
September, and October followed by a decline toward the end of the year. In contrast to the
temporal pattern exhibited by wet sulfur deposition, dry sulfur deposition is highest in January
through March. There is a sharp decline between March and April with generally low values
(i.e., 5% or less in each month) from May though September. Dry sulfur deposition increases in

October and reaches a secondary peak in November.
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14%
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Figure 3.2-28. Percent of 2002 annual precipitation and sulfur deposition by month for
the Adirondack Region, based on 2002 CMAQ modeling.

The monthly modeled dry and wet sulfur deposition data at the 15 selected sites in the
ADR are shown in Figures 3.2-29 and 3.2-30, respectively. The temporal trend during the first
half of the year in wet sulfur deposition at individual sites seems to be fairly consistent with the
overall pattern of low values in the winter and high values in the spring. All sites exhibit the
sharp drop in wet sulfur deposition in July. There are, however, geographic differences in the
temporal patterns of wet sulfur deposition in the second half of the year. At the southern ADR
sites wet sulfur deposition begins gradually increasing in August with a peak in October. In the

northern half of this case study area, wet sulfur deposition shows a sharp increase from July to
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August, followed by a steady decline to the end of the year. The temporal trends in the southern
portion of the ADR area during the second half of 2002 are consistent with the trends in
precipitation during this time period. In the northern ADR, the trends in wet sulfur deposition are
not as consistent with the trends in precipitation. The monthly dry sulfur deposition data (see
Figure 3.2.1-30) show a “concave” pattern. The highest amounts are in January through March
followed by a sharp drop in April. Dry deposition continues to decline to a minimum in
June/July followed by a gradual increase to a secondary peak in November. Unlike the temporal
trends in wet sulfur deposition, the temporal behavior for dry sulfur deposition is geographically
fairly consistent across the ADR. The pattern in dry sulfur deposition also differs from the
monthly trend in dry oxidized and reduced nitrogen (see Figures 3.2-18 and 3.2-19). In fact, the
trend in dry sulfur deposition, which is at a minimum in the summer, shows the opposite pattern

of dry reduced nitrogen deposition, which peaks during this season.
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Figure 3.2-29. Percent by month of 2002 annual wet sulfur
deposition for selected sites in the Adirondack Case Study Area.
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Figure 3.2-30. Percent by month of 2002 annual dry sulfur
deposition for selected sites in the Adirondack Case Study Area.

Inter-Annual Variation in Nitrogen and Sulfur Deposition
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[Placeholder for this section.]

Virginia Case Study Area

Potomac Case Study Area

Neuse Case Study Area

Western Case Study Area

3.2.1.5 Uncertainty

[Placeholder for this section]
3.2.2 Contributions of Emissions of NOy and NH3 to Deposition of Nitrogen

3.2.2.1 Purpose and Intent

The public welfare effects associated with ambient NOy and SOy do not occur due to
direct exposure to ambient concentrations of NOx and SOy. Instead, ecosystem effects occur due
to ecological exposures to loadings of all forms of nitrogen and sulfur due, in part, to
atmospheric deposition of nitrogen and sulfur. Atmospheric deposition of nitrogen and sulfur is
directly related to the concentrations of NOy, NH3, and SOy in the atmosphere, and thus,
reducing atmospheric emissions of NOy, NH3 and SOy will directly impact deposited nitrogen
and sulfur and the associated ecosystem effects. In order to set ambient standards for NOy and
SOy that are protective of public welfare, it is necessary to understand the contribution of
ambient NOy and SOy to the ecosystem pollutants of concern: sulfur and total reactive nitrogen.
Because the focus of this review is on oxides of nitrogen, rather than total reactive nitrogen, it is
important to understand for that fraction of total nitrogen attributable to atmospheric deposition,
the contribution of NOy relative to reduced forms of nitrogen (NH; and NHy). This section
describes the analysis of the contribution of NOy relative to reduced forms of nitrogen. The

analysis uses a Response Surface Model (described below) to estimate the percent contribution
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

of NOy and NH; emissions to total nitrogen deposition and to the oxidized and reduced forms of

nitrogen deposition.

3.2.2.2 Data and Tools

EPA has recently developed a response-surface model (RSM) representation of the
CMAQ model using multidimensional kriging techniques. CMAQ is a three-dimensional
regional grid-based air quality model designed to simulate PM and O3 concentrations and
deposition over large spatial scales (e.g., over the contiguous United States) over an extended
period of time (e.g., up to a year). It includes state-of-the-science capabilities for conducting
urban to regional scale simulations of multiple air quality issues, including tropospheric ozone,
fine particles, toxics, acid deposition, and visibility degradation. The CMAQ model is a publicly
available (supported by the Community Modeling and Analysis System [CMAS] Center;
http://www.cmascenter.org/), peer reviewed, state-of-the-science model consisting of a number
of science attributes that are critical for simulating the oxidant precursors and nonlinear organic
and inorganic chemical relationships associated with the formation of sulfate, nitrate, and organic
aerosols. It also simulates the transport and removal of directly emitted particles that are
speciated as elemental carbon, crustal material, nitrate, sulfate, and organic aerosols.

The RSM is a reduced-form prediction model using statistical correlation structures to
approximate model functions through the design of complex multi-dimension experiments. In
other words, the RSM is a metamodel, or model of a model, representing the outputs of the
CMAQ model using statistical predictions. The RSM technique has been successfully tested and
evaluated for PM, 5 and ozone, respectively (U.S. EPA, 2006a, b) The RSM provides an accurate
representation of the more complex CMAQ atmospheric chemistry model and allows for
instantaneous calculation of the change in ambient PM; s resulting from a change in emissions
within a predefined set of sources, locations, and precursor emission types. The RSM allows for
a more complete, systematic evaluation of the relative contribution of emission reductions (e.g.,
the percent impact on nitrogen deposition of NOy versus NH; emissions, across these
dimensions). The RSM includes 12 source/pollutant combinations and allows for application of
emissions reductions in 9 urban areas and a region representing the rest of the continental United

States.
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

The RSM used here is based on air quality modeling using CMAQ version 4.4 with a 36
km horizontal domain (148 x 112 grid cells) and 14 vertical layers. The modeling domain
encompasses the contiguous United States and extends from 126 degrees to 66 degrees west
longitude and from 24 degrees to 52 degrees north latitude. A complete description of CMAQ,
meteorological, emission, and initial and boundary condition inputs used for this analysis are
discussed in the technical support document for the EPA Clean Air Interstate Rule (CAIR) (U.S.
EPA, 2005). The RSM outputs are based on projected 2010 pre-CAIR emissions inventories, and
therefore reflect any uncertainties in those inventories. The range of emissions changes that are
supported by the RSM extends from 0% to 120% of 2010 emissions levels.

The RSM can evaluate air quality changes that result from adjusting each of the
following 12 emissions control factors on a regional basis:

1. NOyx EGU = NO4x EGU point source emissions based on the Integrated Planning Model
(IPM) (see REF).

2. NOx NonEGU Point and Area = NOy IPM Non-EGU point source, area source, and

agricultural source emissions

NOx Mobile = NOy non-road source and mobile source emissions

SOx EGU = SO IPM EGU point source emissions

SOx NonEGU Point = SO, IPM Non-EGU point source emissions

SO Area = SOy area source and agricultural source emissions

NH; Area = Ammonia area source and agricultural source emissions

NH; Mobile = Ammonia non-road source and mobile source emissions

POC/PEC Point (EGU and NonEGU) = Elemental carbon and organic carbon IPM EGU

point source and IPM Non-EGU point source emissions

10. POC/PEC Mobile = Elemental carbon and organic carbon non-road source and mobile
source emissions

11. POC/PEC area = Elemental carbon and organic carbon area source and agricultural
source emissions

12. Volatile organic compound (VOC) All = IPM EGU point source, IPM non-EGU point
source, area source, agricultural source, non-road source, and mobile source emissions.

AR R

Source groupings with small contributions to emissions were grouped with similar larger
source groupings for efficiency. Non-EGU Area NOy and SOy sources were primarily smaller
industrial combustion sources, such as coal, oil, and natural gas-powered boilers and internal
combustion engines. Agricultural area sources were the only significant contributors to ammonia
emissions. VOC sources were lumped together based on the chemistry incorporated in CMAQ

version 4.4, indicating that VOCs are not expected to influence PM levels significantly.
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Chapter 3 — Sources, Ambient Concentrations, and Deposition

Based on the 12 emissions control factors above, we developed the experimental design
for these factors using a Latin Hypercube!! method, which identified the necessary CMAQ
modeling runs. Latin hypercube designs are very flexible in accommodating restrictions on the
number of runs (as opposed to factorial designs, for example, which are fairly rigid). We
implemented a design with 211 model runs (a base case plus 210 control runs). Any specific run
had different levels of the 12 factors, for example, factor 1 (EGU NOy) might be set at 0.1 (90%
reduction), factor 2 (Non-EGU NOy) at 0.3 (70% reduction), factor 3 (Mobile NOy) at 0.75 (25%
reduction), and so on. The complete list of model runs and corresponding emissions reduction
scenarios (i.e., selection of policy factor controls) are available (U.S. EPA, 2006b). The CMAQ
model was run for 4 months, 1 month from each season in 2002 (?),—February, April, July,
October—to reduce computational time for such a large number of annual model runs. These

months were chosen based on greatest predictability of the quarterly mean.

3.2.2.3 Analytical Techniques

To better inform our understanding of the roles of NOx and NHj in deposition of
nitrogen, we used the RSM described above to estimate the relative contribution of emissions of
NOy and NHj to deposition of nitrogen, including total as well as reduced and oxidized nitrogen.
We focus on the percent contribution in the set of eight case study areas that are the focus of the
risk and exposure analysis. All analyses were based on zero-out runs, e.g., setting the emissions
of NOy or NH3; equal to zero and estimating the change in deposition at grid cells within the
CMAQ domain). Note that zeroing out the RSM emissions factor for NOx will not result in zero
emissions of NOy —the remaining emissions will include international sources and non-
anthropogenic sources (e.g., lightning). Likewise, zeroing out the RSM emissions factor for NH;
emissions will not result in zero emissions of NH3, with remaining NH; emissions comprised of
international emissions, non-anthropogenic emissions, and additionally, point sources of NHj3,
which, while accounting for a low proportion of overall NH3 emissions, can be significant in
some limited locations.

We examine the contribution of NOy, and NH3 emissions to deposition in eight case
study areas, including the Neuse River, Potomac River, Shenandoah National Park, Adirondacks,

red spruce habitat, sugar maple habitat, coastal sage habitat, and in all coastal estuaries. The

I1'A Latin hypercube is the generalization of a Latin square to an arbitrary number of dimensions, whereby each
sample is the only one in each axis-aligned hyperplane containing it.
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CMAAQ grid cells that cover each of these case study areas are displayed in Figures 3.2-31

through 3.2-38. For each of the case study areas, we constructed box plots for several metrics

(Figures 3.2-39 through 3.2-44), covering several combinations of emissions and output

variables. Box plots are a graphical method for displaying the central tendency and variability in

a set of values. The box plots are arrayed for the eight case study areas in combined graphs to

allow for comparison across case study areas, as well as illustrate the variability within each case

study area. In each case, we examine the impact of ambient NOy and NH; on deposition of total

nitrogen, reduced nitrogen, and oxidized nitrogen. The percent impact on deposition was

estimated to provide a more comparable relative metric across locations and seasons. An analysis

of the spatial patterns of responses within each case study area is also presented.
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Figure 3.2-31. CMAQ 36 km grids in Neuse River Case Study Area.
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Figure 3.2-33. CMAQ 36-km grids in Shenandoah Case Study Area.

DRAFT 3-59 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

Mew
York

Figure 3.2-35. CMAQ 36-km grids in Red Spruce Case Study Area.
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California

Figure 3.2-37. CMAQ 36-km grids in Coastal Sage Case Study Area.
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Figure 3.2-38. CMAQ 36-km grids in Estuaries Case Study Area.
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Figure 3.2-39. Percent impact of zero-out of NOy emissions on total nitrogen deposition.
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Figure 3.2-40. Percent impact of zero-out of NOy emissions on oxidized nitrogen deposition.
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Figure 3.2-41. Percent impact of zero-out of NOy emissions on reduced nitrogen deposition.
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Figure 3.2-42. Percent impact of zero-out of NH; emissions on total nitrogen deposition.
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Figure 3.2-43. Percent impact of zero-out of NH; emissions on reduced nitrogen.

DRAFT 3-67 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

F 4
I r 20,4
=20, 0n
E i
. +
L L
: :
-1, b
) = 2 ‘ g
i i
~E0. b
B0, fe
AUIRIMEAS EOASTALLS ESTUARIES  WEUSE  FITSAC  RED.SPRUS  BHEWENDDA- SUGAR.WAP ADIRIDAT EIASTALS ESTUARIES  MEUSE  POTONAC.  REDLSFRIC SHENEMDDA  SUGKR.MAP
P Pl
b.0x 0.0
0.0% -
813
-5,08

=00

—nAmE— " eTE —e

I
=
=
=
- RemE Ao

-20.08 .
—40. 0

-15. 05

T
ADIADMOAC  COASTAL.E ESTWHAIES MELSE POTOWAL  AED.EFRUC  SHEWEMODA  SUCAR.WAP ADIRDSDAC  COASTAL.S ESTUARIES REUSE POTOWAL  RED.SFRUC SHEHEMDDA  SLGAR.WAP

Figure 3.2-44. Percent impact of zero-out of NH; emissions on oxidized nitrogen deposition.
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Relative (percent) impacts can be slightly greater than 100% due to the small level of
error in the response surface modeling. The sum of the relative impacts across NOy, NH; can be
less than 100% due to nonlinearities in the atmospheric chemistry, e.g. reducing all pollutants by
100% would give different results than reducing each individually by 100% and summing the
results. Because of the chemistry governing gas and particle-phase ammonia, SO, emissions can
also have a small impact on deposition of nitrogen. However, because the focus of this section is

on the relative importance of NOy and NHj3, we do not provide results for SO, here.

3.2.2.4 Results and Findings

The first set of results, displayed in Figures 3.2-39 and 3.2-40, examine the relative
impact of emissions of NOy on the deposition of total reactive nitrogen. Figure 3.2-39 shows that
NOy emissions represent a significant contribution to deposition of total reactive nitrogen in each
case study area, although the impact varies by season. The smallest impact of NOy emissions,
22.5%, occurs in the Neuse River Case Study Area in July. The largest impact of NOy emissions,
75.5%, occurs in the Adirondacks Case Study Area in February. In general, across case study
areas, the largest NOy percent impacts on total reactive nitrogen deposition occur in February,
ranging from 44%—75% percent, while the smallest relative impacts, ranging from 22%—-54%,
occur in July. With the exception of the Coastal Sage Case Study Area, each area has its highest
relative contribution from NOy in February and lowest relative contribution in July. The Coastal
Sage Case Study Area has the highest relative contribution in July and the lowest relative
contribution in April. This may reflect differences in the climates between the eastern United
States, where most of the other areas (with the exception of western portions of the Estuaries
Case Study Area) are located, and the western California coast, where the Coastal Sage Case
Study Area is located.

Figures 3.2-40 and 3.2-41 explore the relationship between NOy emissions and total
reactive nitrogen deposition in more detail, examining separately the relative impacts of NOy on
oxidized and reduced forms of nitrogen. It was anticipated that NOy emissions will have a larger
relative impact on oxidized nitrogen compared with reduced nitrogen (U.S. EPA, 2008). Figures

3.2-40 and 3.2-41 confirm this expectation. In each case study area and season, the relative
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impact of NOx emissions is over 84%, and in some cases, has a 100% impact,!? indicating that all
of the oxidized nitrogen is likely associated with NOy emissions. Also, as expected, Figure 3.2-
41 shows that in all case study areas and all seasons, NOy emissions have less than a 20% impact
on reduced nitrogen deposition. And, in most cases, the NOy impact is actually negative,
suggesting that NOy emissions contribute to greater deposition of reduced nitrogen. This
relationship reflects the atmospheric reactions that lead to deposition of reduced nitrogen. One
possibility is that reducing NOy reduces HNOs3, which limits ammonium nitrate (NH4NO3)
formation (and for existing aerosol, a reduction in HNOj shifts the equilibrium toward the gas
phase), thereby increasing the lifetime of NHs. A net increase in NH3; /NH," results. Because the
deposition velocity of NH; is much higher than the deposition velocity for NH, " aerosol, dry
deposition of NHy increases. The only instances where NOy emissions contribute to decreased
reduced nitrogen deposition are in the Adirondacks Case Study Area in February and October;
however, these are very small impacts and may reflect statistical imprecision in the modeling.
We will continue to explore these results for the final risk and exposure analysis.

Figure 3.2-42 examines the relative impact of emissions of NHj on the deposition of total
reactive nitrogen. Figure 3.2-42 shows that NH3 emissions represent a significant contribution to
total reactive nitrogen in most case study areas, although the impact varies by season and by
area. The smallest impact of NH3, 10%, occurs in the Potomac Case Study Area in February. The
largest impact of NHs, 73%, occurs in the Neuse Case Study Area in July. The Neuse Case Study
Area has the largest overall impact from NHj; of any of the case study areas, across all four
seasons. This may be due to the large concentration of CAFOs located in eastern North Carolina.
In general, across case study areas, the largest NH; relative impacts on total nitrogen deposition
occur in July from 37%—73%, while the smallest relative impacts, ranging from 10%-43%, occur
in February. Each area has its highest relative contribution from NHj3 in July and its lowest
relative contribution in February.

Figures 3.2-43 and 3.2-44 explore the relationship between NH3 emissions and nitrogen

deposition in more detail, examining separately the relative impacts of NH;3 on oxidized and

12 In fact, the RSM modeling predicts a greater than 100% impact in some case study areas. This likely reflects that
fact that the RSM is a statistical approximation to the CMAQ model. As with all statistical models, extrapolations
to extreme cases can lead to larger than average statistical errors. In this analysis, where we are zeroing out
emissions of individual pollutants, we are pushing the RSM model to its boundaries, and as such, the findings of
greater than 100% impact are likely a statistical artifact. In this case, we interpret greater than 100% impacts as
100% impacts.
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reduced forms of nitrogen. It is expected that NH3 emissions will have a larger relative impact on
reduced forms of nitrogen deposition. This modeling exercise, depicted in Figures 3.2-43 and
3.2-44, confirms this expectation. In each case study area and season, the relative impact of NHj;
emissions is over 85%, and in some cases, has a 100% impact, indicating that all of the reduced
nitrogen is likely associated with NH; emissions. Also, as expected, Figure 3.2-44 shows that in
all case study areas and all seasons, NHj has less than a 20% impact on oxidized nitrogen
deposition. And, in most cases, the NH3 impact is actually negative, meaning that NH; emissions
contribute to greater deposition of oxidized nitrogen deposition. This relationship reflects the
atmospheric reactions that lead to deposition of reduced and oxidized nitrogen. Reducing NHj3
limits NH4NOj aerosol formation, increasing the lifetime of HNOs. The ratio HNO3;NO3”
increases and since the deposition velocity of HNOj is much larger than that of NOs™ aerosol, dry
deposition of total oxidized nitrogen increases. The only positive impacts of NH3 on oxidized
nitrogen occur in the Adirondack Case Study Area in February; however, these are very small
impacts and may reflect statistical imprecision in the modeling. We will continue to explore

these results for the final risk and exposure analysis.
Spatial Analysis of Results

As noted above, there is a good deal of variability in the impacts of NOy and NHj3 within
and between case study areas. In order to explore this variability, the estimated impacts of NOy
and NHj; on their deposition counterparts were mapped. For NOy, the percentage impact on
oxidized and total nitrogen deposition was mapped, and for NH3, the percentage impact on
reduced and total nitrogen deposition was mapped. Each of the impact maps uses the same color
scale for ease of comparison across case study areas. Each map has four panels, one for each of
the four months modeled, representing the four seasons. There are four maps for each case study
area, for a total of 32% impact maps. The critical factors to consider in the maps of impacts on
total nitrogen are the spatial uniformity of contribution in each case study area and the
uniformity of contribution across seasons. For the maps displaying the impact of NOx on
oxidized nitrogen and the impact of NH3 on reduced nitrogen, we expect to see most grid cells
with close to 100% impact, reflecting the dominant impact of NOy on oxidized nitrogen
deposition and the dominant impact of NH; on reduced nitrogen. In some cases, the maps may
show lower-impact percentages due to three types of emissions that are included in the baseline

CMAQ modeling but not included as controllable emissions in the RSM modeling: (1)
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international emissions, (2) non anthropogenic emissions, and (3) large point sources of
ammonia.

Figures 3.2-45 through 3.2-48 present maps of the results for the Sugar Maple Case
Study Area. With the Sugar Maple Case Study Area (Figure 3.2-45), it is clear that there is
considerable heterogeneity in response to NOy emissions reductions across the case study area,
and between seasons. However, NOy contributions are significant in a large number of grid cells
in all seasons, suggesting that NOy is an important part of overall nitrogen deposition in the
Sugar Maple Case Study Area. Based on this analysis, NOy appears to contribute the most
consistently across the area during the winter and fall months, with lower contributions and more
spatial heterogeneity during the spring and summer months. Likewise, as shown in Figure
3.2-46, the impact of ammonia emissions is greatest during the spring and summer months, with
less impact during fall and winter months. Note that even during the fall and winter months,
ammonia emissions have a large impact in those grid cells closest to major agricultural ammonia
sources (e.g., the high poultry production area in northern Virginia and the high hog production
area in southeastern Pennsylvania). With regard to the impact of NOy emissions on oxidized
nitrogen, as expected, Figure 3.2-47 shows that zeroing out domestic, anthropogenic NOx
emissions results in close to100% reduction in oxidized nitrogen deposition in most grid cells in
the area, with the exception of some grid cells on the East Coast and in Canada, which likely
reflects international emissions sources. Likewise, Figure 3.2-48 shows that zeroing out NHj3
emissions results in close to 100% reductions in reduced nitrogen deposition throughout the area.
In a few grid cells near large point sources of ammonia, there is a less that 100% impact from
zeroing out the area and mobile source NHj3 emissions, and off of the United States coast and in

Canada, international emissions appear to contribute a portion of reduced nitrogen deposition.
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Figure 3.2-45. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the Sugar
Maple Case Study Area.
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Figure 3.2-46. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the Sugar
Maple Case Study Area.

DRAFT 3-74 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

Percent Impact Percent Impact
I 0% - 10% I 0% - 10%
I 10.1% - 20% I 10.1% - 20%
I 20.1% - 30% I 20.1% - 30%
[ 30.1% - 40% [ 30.1% - 40%
[ 40.1% - 50% [ 40.1% - 50%
[ 50.1% - 60% [ 50.1% - 60%
[ Je0.1%-70% [ 60.1% - 70%
[ 70.1% - 80% [ 70.1% - 80%
[ 80.1% - 90% [ 80.1% - 90%
[ <0.1% - 100% [ <0.1% - 100%

J 1 d
T
uly e
[ | R
T
[ ]
o
Percent Impact Percent Impact
I 0% - 10% I 0% - 10%
I 10.1% - 20% I 10.1% - 20%
I 20.1% - 30% I 20.1% - 30%
[ 30.1% - 40% [ 30.1% - 40%
B [ 40.1% - 50% [ 40.1% - 50%
= L [ 50.1% - 60% [ 50.1% - 60%
[ Je0.1%-70% [ 60.1% - 70%
[ 70.1% - 80% [ 70.1% - 80%
. [ 80.1% - 90% [ 80.1% - 90%
[ <0.1% - 100% [ <0.1% - 100%

Figure 3.2-47. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Sugar Maple Case Study Area.

DRAFT 3-75 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

April
o i
2
Percent Impact t Impact
I 0% - 10% I 0% - 10%
I 10.1% - 20% I 10.1% - 20%
[ 20.1% - 30% [ 20.1% - 30%
[ 30.1% - 40% [ 30.1% - 40%
[ 40.1% - 50% . [ 40.1% - 50%
[rem— : y [ 50.1%- 60% Ty [ 50.1% - 60%
These are likely [ 60.1% - 70% [ 60.1%-70%
large point NH3 - ;Z::zz: [ 70.1% -80%
sources, which I s0.1% - 100% [ ]
were not -
included in the
RSM factors

October

Percent Impact

I o - 10%

I 10.1% - 20%
[ 20.1% - 30%
[ 30.1% - 40%
[ 40.1% - 50%
[ 50.1%- 60%
[ 60.1%-70%
[ 70.1% - 80%
[ 80.1% - 90%
[ 90.1% - 100%

Percent Impact

Figure 3.2-48. Percent impact of NH3 anthropogenic United States emissions zero-out on reduced nitrogen deposition in the
Sugar Maple Case Study Area.
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Figures 3.2-49 through 3.2-52 present maps of the results for the Red Spruce Case
Study Area. For the most part, the Red Spruce Case Study Area overlaps the Sugar Maple Case
Study Area. As such, similar patterns of total nitrogen deposition response can be seen in Figure
3.2-49. With the exception of July, the seasonal pattern of total nitrogen deposition response to
NOy is similar, with a large percent impact from zeroing out domestic, anthropogenic NOy. The
exceptions are in portions of Canada and in the heavy poultry production area of northern
Virginia, where ammonia emissions are very high. In July, NOy impacts are less relative to
ammonia impacts, but are still significant in many grid cells. Examining Figure 3.2-51, as with
the Sugar Maple Case Study Area, almost all of the oxidized nitrogen deposition is due to
domestic NOy emissions, with the exception of some grid cells in Canada and in the United
States bordering Canada. Likewise, Figure 3.2-52 shows that almost all of the reduced nitrogen

deposition is due to domestic NH3 emissions, excepting some grid cells in Canada.
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Figure 3.2-49. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the Red
Spruce Case Study Area.
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Figure 3.2-50. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the Red
Spruce Case Study Area.

DRAFT 3-79 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

February

Percent Impact Percent Impact
I 0% - 10% I 0% - 10%
I 10.1% - 20% I 10.1% - 20%
I 20.1% - 30% I 20.1% - 30%
[ 30.1% - 40% [ 30.1% - 40%
[ 40.1% - 50% [ 40.1% - 50%
[ 50.1%- 60% [ 50.1% - 60%
[ J60.1%-70% [ 60.1%-70%
[ 70.1% - 80% [ 70.1% - 80%
[ 80.1% - 90% [ 80.1% - 90%
[ <0.1% - 100% [ <0.1% - 100%

AT
V¥
X >
[
l . Percent Impact Percent Impact

I 0% - 10% I 0% - 10%
I 10.1% - 20% I 10.1% - 20%
I 20.1% - 30% I 20.1% - 30%
[ 30.1% - 40% [ 30.1% - 40%
[ 40.1% - 50% [ 40.1% - 50%
[ 50.1%- 60% [ 50.1% - 60%
[ J60.1%-70% [ 60.1%-70%
[ 70.1% - 80% [ 70.1% - 80%
[ 80.1% - 90% [ 80.1% - 90%
[ <0.1% - 100% [ <0.1% - 100%

Figure 3.2-51. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Red Spruce Case Study Area.
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Figure 3.2-52. Percent impact of NH3 anthropogenic United States emissions zero-out on reduced nitrogen deposition in the
Red Spruce Case Study Area.
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Figures 3.2-53 through 3.2-56 present maps of the results for the Adirondacks Case
Study Area. The Adirondacks Case Study Area is completely contained within the Red Spruce
Case Study Area. Figure 3.2-53 shows that the specific grid cells in the Adirondacks Case Study
Area show strong responses of total nitrogen deposition to domestic, anthropogenic NOy
emissions. With the exception of July, NOy impacts are mostly greater than 50% throughout the
case study area. In July, NOy contributes more modestly, but still accounts for 40%—-50% percent
of total nitrogen deposition. Figure 3.2-55 shows that NOy emissions account for almost all
oxidized nitrogen deposition in the Adirondacks Case Study Area, while Figure 3.2-56 shows

that NH3; emissions account for almost all reduced nitrogen deposition.
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Figure 3.2-53. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the

Adirondacks Case Study Area.
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Figure 3.2-54. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the
Adirondacks Case Study Area.
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Figure 3.2-55. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Adirondacks Case Study Area.

! 90.1% - 100%

! 90.1% - 100%

DRAFT 3-85 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

February

Percent Impact Percent Impact
I 0% - 10% I 0% - 10%
I 10.1% - 20% 10.1% - 20%
I 20.1% - 30%
[ 30.1% - 40%
[ 40.1% - 50%
[ 50.1% - 60%
[ Je0.1%-70%
[ 70.1% - 80%
[ 80.1% - 90%

! 90.1% - 100%

o - 30%
40%
50%
60%
-70%
- 80%

[} -90%

! 90.1% - 100%

N

October

Percent Impact

I 0% - 10%

Percent Impact

I 0% - 10%

I 10.1% - 20% I 10.1% - 20%
I 20.1% - 30% I 20.1% - 30%
[ 30.1% - 40% [ 30.1% - 40%
[ 40.1% - 50% [ 40.1% - 50%
[ 50.1% - 60% [ 50.1% - 60%
[ Je0.1%-70% [ 1 60.1%-70%
[ 70.1% - 80% [ 70.1% - 80%

[ 80.1% - 90%
[ <0.1% - 100%

[ 80.1% - 90%

! 90.1% - 100%

™ ] ™

Figure 3.2-56. Percent impact of NH3 anthropogenic United States emissions zero-out on reduced nitrogen deposition in the
Adirondacks Case Study Area.
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Figures 3.2-57 through 3.2-60 present maps of the results for the Potomac Case Study
Area. Figure 3.2-57 shows that the Potomac Case Study Area has a significant fraction of total
nitrogen deposition from domestic, anthropogenic NOy emissions, but also has a number of grid
cells where NOy emissions have a less than 40% impact. This is likely due to the location of high
NH; emitting sources in or near Potomac Case Study Area grid cells; for example, poultry
production in northern Virginia and hog and cattle production in southern Pennsylvania.
However, for many of the grid cells nearest to the Chesapeake Bay, NOy emissions contribute
significantly (50% impact or greater) to total nitrogen deposition. As with the Adirondacks Case
Study Area, Figure 3.2-59 shows that almost all of the oxidized nitrogen deposition is associated
with NOy emissions, while Figure 3.2-60 shows that almost all of the reduced nitrogen

deposition is associated with NHj3 emissions.
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Figure 3.2-57. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the
Potomac Case Study Area.
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Figure 3.2-58. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the
Potomac Case Study Area.
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Figure 3.2-59. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Potomac Case Study Area.
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Figure 3.2-60. Percent impact of NH3 anthropogenic United States emissions zero-out on reduced nitrogen deposition in the
Potomac Case Study Area.
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Figures 3.2-61 through 3.2-64 present maps of the results for the Shenandoah Case
Study Area. The Shenandoah Case Study Area overlaps a portion of the Potomac Case Study
Area, and thus, shares similar characteristics. Figure 3.2-61 shows that there are a number of grid
cells, especially in the northernmost and southernmost portions of the Shenandoah Case Study
Area, that have relatively low percentage impacts on total nitrogen deposition from NOy
emissions, reflecting the higher contribution from NHj3 sources in northern Virginia and on the
North Carolina/Virginia border. However, NOy emissions still contribute significantly in many
grid cells, especially during the winter and fall. As with the Adirondacks and Potomac areas,
Figure 3.2-63 shows that almost all of the oxidized nitrogen deposition is associated with NOx
emissions, while Figure 3.2-64 shows that almost all of the reduced nitrogen deposition is

associated with NH; emissions.
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Figure 3.2-61. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the

Shenandoah Case Study Area.
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Figure 3.2-62. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the

Shenandoah Case Study Area.
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Figure 3.2-63. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the

Shenandoah Case Study Area.
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Figure 3.2-64. Percent impact of NH3 Anthropogenic United States emissions zero-out on reduced nitrogen deposition in the

Shenandoah Case Study Area.
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Figures 3.2-65 through 3.2-68 present maps of the results for the Neuse Case Study
Area. Figure 3.2-65 shows that the Neuse Case Study Area is highly dominated by NH;
emissions, especially in the central grid cells, which are located over the counties in North
Carolina with high levels of CAFOs, primarily for hogs and turkeys. NOx still contributes
significantly in the western and eastern portions of this case study area, but the impact of NH;
emissions is much more pronounced relative to the other case study areas. As with most of the
other eastern case study areas, Figure 3.2-67 shows that almost all of the oxidized nitrogen
deposition is associated with NOy emissions, while Figure 3.2-68 shows that almost all of the

reduced nitrogen deposition is associated with NH; emissions.

DRAFT 3-97 August 2008



Chapter 3 — Sources, Ambient Concentrations, and Deposition

February .

Percent Impact
I 0% - 10%
I 10.1% - 20%
I 20.1% - 30%
[ 30.1% - 40%
[ 40.1% - 50%
[ 50.1% - 60%
[ Je0.1%-70%
[ 70.1% - 80%
[ 80.1% - 90%

[ 0.1% - 100%

ﬂ/\ / /

Percent Impact
I 0% - 10%
I 10.1% - 20%
I 20.1% - 30%
[ 30.1% - 40%
[ 40.1% - 50%
[ 50.1% - 60%

[ 90.1% - 100%

Percent Impact
I 0% - 10%
I 10.1% - 20%
I 20.1% - 30%
[ 30.1% - 40%
[ 40.1% - 50%
[ 50.1% - 60%
[ 60.1%-70%
[ 70.1% - 80%
[ 80.1% - 90%

[ 90.1% - 100%

=

P

October 3 |
SR
\\/\;};gfﬁ

\

Percent Impact
I 0% - 10%
I 10.1% - 20%
I 20.1% - 30%
[ 30.1% - 40%
[ 40.1% - 50%
[ 50.1% - 60%
[ 60.1%-70%
[ 70.1% - 80%
[ 80.1% - 90%

[ 90.1% - 100%

Figure 3.2-65. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the

Neuse Case Study Area.
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Figure 3.2-66. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the
Neuse Case Study Area.
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Figure 3.2-67. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Neuse Case Study Area.
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Figure 3.2-68 Percent Impact of NH; Anthropogenic United States Emissions Zero-out on Reduced Nitrogen Deposition
in the Neuse Case Study Area.
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Figures 3.2-69 through 3.2-72 present maps of the results for the Coastal Sage Case
Study Area. Figure 3.2-69 shows the response of total nitrogen to NOy emissions in the Coastal
Sage Case Study Area. The Coastal Sage Case Study Area is the only case study area located
completely in the western United States. As opposed to the eastern case study areas, the most
significant contributions of NOy are during July, rather than during the fall and winter. Domestic,
anthropogenic NOy contributes a significant amount to at least some grid cells in each season,
but there is heterogeneity in response in each season. The northern portion of this case study area
appears less responsive to domestic, anthropogenic NOy than the southern portion. Examining
the responses of oxidized nitrogen deposition in Figure 3.2-71, it appears that international NOy
emissions are contributing a small fraction to oxidized nitrogen deposition along the coast of
California. Figure 3.2-72 shows that reduced nitrogen appears to have some international NH3
component, but in a few grid cells, it seems to also be impacted by either a point source of NHj

or non-anthropogenic sources.
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Figure 3.2-69. Percent impact of NOy Anthropogenic United States emissions zero-out on total nitrogen deposition in the

Coastal Sage Case Study Area.
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Figure 3.2-70. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the
Coastal Sage Case Study Area.
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Figure 3.2-71. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Coastal Sage Case Study Area.
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Figure 3.2-72. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Coastal Sage Case Study Area.
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Figures 3.2-73 through 3.2-76 present maps of the results for the Estuaries Case Study
Area. Figure 3.2-73 shows the response of total nitrogen to domestic, anthropogenic NOy
emissions in the Estuaries Case Study Area. The Estuaries Case Study Area covers a wide set of
locations across the United States. In general, domestic, anthropogenic emissions of NOx have a
higher percentage impact on total nitrogen deposition to estuaries in the eastern United States
relative to estuaries in the western United States. Examining the oxidized nitrogen deposition
maps in Figure 3.2-75, part of the reason for this is the larger role of international NOy emissions
on the West Coast. In general, there is a significant impact of NOy emissions on total nitrogen in
most estuaries in at least some months; however, the degree of impact is highly variable. The
majority of oxidized nitrogen deposition is due to domestic anthropogenic emissions, even in
western coastal locations, whereas the majority of reduced nitrogen emissions is due to domestic,

anthropogenic NHj3 emissions.
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Figure 3.2-73. Percent impact of NOy anthropogenic United States emissions zero-out on total nitrogen deposition in the

Estuaries Case Study Area.
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Figure 3.2-74. Percent impact of NH3 anthropogenic United States emissions zero-out on total nitrogen deposition in the
Estuaries Case Study Area.
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Figure 3.2-75. Percent impact of NOy anthropogenic United States emissions zero-out on oxidized nitrogen deposition in the
Estuaries Case Study Area.
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Figure 3.2-76. Percent Impact of NH; anthropogenic United States emissions zero-out on reduced nitrogen deposition in the
Estuaries Case Study Area.

DRAFT 3-111 August 2008



—

(e B BN Y, B SN VS B S

10

Chapter 3 — Sources, Ambient Concentrations and Deposition

Over all of the case study areas, domestic, anthropogenic NOy emissions have significant
impacts on total nitrogen deposition and account for almost all of the oxidized nitrogen
emissions. As such, standards that focus on NOy will, in many locations, reduce both oxidized
nitrogen deposition and the total nitrogen deposition. The separability between the impacts of
NHj; and NOy on the different forms of deposition (e.g., NOy affect mainly oxidized nitrogen
deposition, while NHj affects mainly reduced nitrogen deposition) indicates the possibility of
using forms of the standard that maintain the separation of oxidized and reduced nitrogen. We

will continue to refine this analysis in the second draft risk and exposure assessment.

3.2.2.5 Uncertainty
To be drafted
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Chapter 4 — Acidification

4. ACIDIFICATION

For this first draft of the Risk and Exposure Assessment document, we are including an
outline of the intended content of this chapter for future drafts (see Attachment 1, Working
Outline). Because the analyses are incomplete at this time, we refer the reader to Attachment 2
(National Sensitive Areas Analysis) for a discussion of the approach we are undertaking to
identify areas sensitive to acidification caused by nitrogen and sulfur deposition. We have
selected case study areas and have begun the analyses for aquatic and terrestrial acidification.
Attachment 3 (Aquatic Acidification Case Study) and Attachment 4 (Terrestrial Acidification
Case Study) detail the case study selection rationale, analysis approach, and results to date. At
this time, we are requesting review of these four attachments in lieu of a formal Chapter 4.

We recognize that there may be some discrepancies in the use of terms between the case
study reports and the risk assessment document. For example, in the case studies, the word
“indicator” may reflect a biological, chemical, or ecological indicator, or it may be used to
describe the indicator of a standard (typically an atmospheric concentration), whereas in risk
assessment’s described structure of a secondary standard, we attempt to make careful distinctions
between air quality indicators, ecological indicators, and the atmospheric and ecological
variables that affect them. In the second draft risk assessment, the results of the case study
analyses will be synthesized into a common framework, and we will make the terminology

consistent with risk assessment’s standard structure.

DRAFT 4-1 August 2008



p—

O O 0NN PR WDN—

Chapter 4 — Acidification

[This page intentionally left blank.]

DRAFT

August 2008



O 00 9 N W bk~ W

N N — = = = e = e = e
— O O 0 9 N kR WD = O

Chapter 5 — Nutrient Enrichment

5. NUTRIENT ENRICHMENT

For this first draft of the Risk and Exposure Assessment document, we are including an
outline of the intended content of Chapter 5 for future drafts (see Attachment 1, Working
Outline). Because the analyses are incomplete at this time, we refer the reader to Attachment 2
(National Sensitive Areas Analysis) for a discussion of the approach we are undertaking to
identify areas sensitive to nutrient enrichment caused by nitrogen deposition. We have selected
case study areas and have begun the analyses for aquatic and terrestrial nutrient enrichment.
Attachment 5 (Aquatic Nutrient Enrichment Case Study) and Attachment 6 (Terrestrial Nutrient
Enrichment Case Study) detail the case study selection rationale, analysis approach, and results
to date. At this time, we are requesting review of these four attachments in lieu of a formal
Chapter 5.

We recognize that there may be some discrepancies in the use of terms between the case
study reports and the risk assessment document. For example, in the case studies, the word
“indicator” may reflect a biological, chemical, or ecological indicator, or it may be used to
describe the indicator of a standard (typically an atmospheric concentration), whereas in the risk
assessment’s described structure of a secondary standard, we attempt to make careful distinctions
between air quality indicators, ecological indicators, and the atmospheric and ecological
variables that affect them. In the second draft risk assessment, the results of these case study
analyses will be synthesized into a common framework, and we will make the terminology

consistent with the risk assessment’s standard structure.
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Chapter 6 — Additional Effects

6. ADDITIONAL EFFECTS

6.1 SULFUR AND MERCURY METHYLATION

The biogeochemical cycle of mercury is closely tied to the sulfur cycle because the
presence of sulfate in wetland and lake sediments is necessary for mercury to be incorporated
into the food web. Adverse effects of mercury, including behavioral, reproductive,
neurochemical, and hormonal effects, have been demonstrated in piscivorous mammals and birds
(U.S. EPA, 1996; Scheuhammer et al., 2007), and methylmercury has been shown to be the form
of mercury that accumulates in the tissues of fish and piscivorous species (Becker and Bigham,
1995; Bloom, 1992; Harris et al., 2003; Scheuhammer et al., 2007). Sulfate-reducing bacteria
(SRB) play a key role in mercury methylation, and changes in sulfate deposition have resulted in

changes in both mercury methylation and mercury concentrations in fish.

6.1.1 Science Background

Sulfur deposition likely increases mercury methylation in regions that receive relatively
high levels of atmospheric sulfur and mercury deposition and that exhibit characteristics
conducive to methylation. These regions include surface waters with low ANC and low pH and
with large upstream or adjoining wetlands (Chen et al., 2005; Scheuhammer and Blancher, 1994;
Scheuhammer et al., 2007). These sensitive ecosystems are prevalent in areas of the northeastern
United States and southeastern Canada. Studies of mercury concentrations in feathers, blood, and
eggs of the common loon (Gavia immer) indicate decreasing concentrations from west to east in
this region (Evers et al., 1998, 2003). This pattern is generally consistent with patterns of
deposition of both mercury and sulfur.

Several interrelated factors seem to be related to mercury uptake, including low lake-
water pH, dissolved organic carbon, and suspended PM concentrations in the water column
(Driscoll et al., 1994; Grieb et al., 1990; Kamman et al., 2004; Mierle and Ingram, 1991; Suns
and Hitchin, 1990; U.S. EPA, 1996). In addition, the proportion of upland to wetland land area
within a watershed, as well as wetland type and annual water yield, appear to be important (St.

Louis et al., 1996).
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Chapter 6 — Additional Effects

Mercury in the Environment

Mercury is a naturally occurring element, is very ubiquitous, and cycles through air,
water, soils, and living organisms. Mercury concentrations have increased approximately 2 to 5
times since the onset of the industrial revolution and appear in even the most remote locations on
the Earth (Munthe et al., 2007; U.S. EPA, 2006). In the northeastern United States, where
population growth and industry have heavily influenced the region for a century, mercury
concentrations are approximately four- to six-fold higher than in pre-Industrial Revolution times
(Evers et al., 2007). Additionally, ecosystems with local emissions sources can exhibit mercury
concentrations that exceed 10 times pre-Industrial Revolution levels (Munthe et al., 2007).

In the United States, the primary source of mercury to ecosystems is atmospheric
deposition due to coal combustion (e.g., coal-fired electric utilities). Other sources include
municipal waste combustion, medical waste incineration, chlor-alkali plants, and industrial
boilers. Depending on the particulate association and oxidation state, atmospheric mercury
particles can remain suspended in the atmosphere for more than 2 years (Evers et al., 2007; U.S.
EPA, 2006).

In the atmosphere, mercury is primarily inorganic. Approximately 95%—-97% of
atmospheric mercury is elemental mercury (Hg") and relatively nonreactive. Hg" is the least
soluble of the inorganic mercury species and can be transported readily across long distances
(Driscoll et al., 2007). Atmospheric transport is most likely the process that is responsible for the
presence and accumulation of mercury in remote sites (Watras et al., 2006). Ionic forms of
mercury are more soluble, generally react with water particles, and deposit within short ranges of
emissions (Driscoll et al., 2007).

Atmospheric mercury deposition occurs by wet deposition, dry deposition, and to a lesser
extent, direct stomatal uptake by plants. When deposited into terrestrial and aquatic ecosystems,
elemental mercury is oxidized to reactive mercury (Hg™*) (Ambrose et al., 2005; U.S. EPA,
2006). Inorganic mercury species do not directly pose a health threat to humans or animals;
however, Hg™ is much more likely to undergo transformation processes (Driscoll et al., 2007).
Out of the deposited mercury pool, approximately 1%-2% is reduced and methylated to
methylmercury, an organic lipophilic mercury species that is four times more capable of

bioaccumulating in the tissues of humans, fish, birds, and other biota than is inorganic mercury
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(Benoit et al., 2003; King et al., 2000; U.S. EPA, 2006). Figure 6.1-1 shows the processes and
oxidation states involved in mercury cycling in the environment.

Although it is clear that the primary source of mercury to most of the United States is of
atmospheric origin and that mercury must be converted to methylmercury to accumulate to
potential risk levels in biotic tissues, the mercury methylation process reflects a wide range of
controlling factors that will differ from one part of the country to another. These site-specific
factors present complications in extrapolating the findings of existing regionally focused risk

assessments to other areas (Driscoll et al., 2007).
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Figure 6.1-1. The mercury cycle in an ecosystem (USGS, 2006).
6.1.2 Qualitative Analysis

The role of atmospherically deposited sulfur species in mercury methylation varies

greatly across ecosystems. Field studies have determined that the majority of mercury
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methylation occurs within anoxic waters and sediments (Gilmour et al., 1998; Hammerschmidt et
al., 2004; Watras et al., 1995); however, several studies have observed that the quantifiable
prediction of mercury methylation is confounded by the interdependency of several variables,
including the presence and types of SRB, sulfur species, mercury species, organic matter, and
others (Benoit et al., 2003; Gilmour et al., 1992; Langer et al., 2001; Munthe et al., 2007; Watras
and Morrison, 2008). SRB have been implicated as a significant mercury methylation vector as a
by-product of converting sulfate to sulfide (Benoit et al., 2003; Branfireun et al., 1999; Compeau
and Bartha, 1985; Gilmour et al., 1992). Methylation via iron-reducing bacteria has also been
observed in anoxic, iron-rich sediments; however, this process is not well understood and
appears to be less extensive than the SRB-mediated mercury methylation (Fleming et al., 2006;
Kerin et al., 2006).

In general, the rate of methylmercury generation depends on the factors that affect SRB
propagation and activity, the availability of inorganic mercury, and the demethylation of
mercury. The introduction of sulfate to SRB in the presence of methane and Hg+2, usually in low

oxygen sediments, leads to the following biomediated transformations:
Hg™ — HgS — MeHg"

Methylmercury concentrations are correlated with the amount of mercury in the
ecosystem. Therefore, the presence of sulfate, inorganic mercury, and SRB are the primary
requirements for the sulfate-reducing, bacterially mediated mercury conversion. Additional
factors affecting conversion include temperature, the presence and types of organic matter, the
presence and types of mercury-binding species, and watershed effects (e.g., watershed type, land
cover, waterbody limnography, and runoff loading). Demethylation involves aerobic and
anaerobic microbial processes, as well as processes involving exposure to sunlight (i.e.,
photodemethylation); therefore, increased methylation in natural environments should be
considered as increased nef mercury methylation (Benoit et al., 2003).

The role of sulfate in mercury methylation has been confirmed through a series of
independent and interdependent studies. Early studies on Little Rock Lake, WI, first observed the
link between sulfur enrichment, acidification, and methylmercury concentrations (Hrabik and
Watras, 2002). The beneficial effect of decreased sulfate deposition on fish tissue methylmercury
concentrations has also recently been observed in an isolated Lake Superior ecosystem, where

fish tissue concentrations fell below fish consumption advisory levels in the absence of any
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change in atmospheric mercury deposition (Drevnick et al., 2007). Other studies have focused on
the biogeochemical process of mercury cycling to determine factors that are responsible for the
link between methylmercury and acidification. Early research by Faust and Osman (1981)
estimated that 90%—99% of total mercury concentration in surface waters was associated with
sediment. With regard to methylmercury, the highest concentrations in the environment
generally occur at or near the sedimentary surface, below the oxic-anoxic boundary. The
formation of methylmercury has also been associated with macrophytic vegetation and
periphyton (Mauro et al., 2002). Mercury methylation rate and organic carbon substrates (e.g.,
acetate, lactate) may fluctuate when associated with the presence of SRB and environmental
conditions (Mitchell et al., 2008). Figure 6.1-2 illustrates the general SRB methylation process.
Although mercury methylation occurs within the water column, there is generally a
greater contribution of mercury methylation in sediments because of more concentrated
availabilities of SRB, substrate, and sulfate concentration. Therefore, the conditions within and
affecting sediment porewaters may collectively play a key role in mercury methylation. The
relative contribution of methylmercury from porewater in the surficial sediment layer is
dependent on the size of the hypolimnic anoxic zone, the location of the bacterioplankton
activity, and several other factors, such as temperature, organic carbon content, and the presence

of sulfides (Watras et al., 1995).

‘ Oxic Zone

e T N R e

so. Hg (11} Anoxic Zone

Figure 6.1-2. Biogeochemical process of mercury methylation.
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Chapter 6 — Additional Effects

6.1.2.1 Watershed Influences

The effect of watersheds on methylmercury production is dependent on many factors
(e.g., dissolved organic carbon, temperature, anoxia, and sulfide); however, watershed influences
also include the conditions and processes that impact these effects (e.g., land cover, precipitation
response, and limnography). Watershed influences may also play a role in the uptake of
methylmercury into fish and other aquatic species.

Land cover and land use affect the transport of chemical species, such as mercury,
nutrients, and dissolved organic carbon. Methylmercury production generally increases with
increasing percentages of contributing wetlands to surface water systems (Benoit et al., 2003;
Watras and Morrison, 2008). In general, wetland environments tend to promote mercury
methylation because of increased anoxic environments, fresh organic matter, moderated
temperature, and macrophytic environments for bacterial activity (Back et al., 2002).
Additionally, increased forest cover and mixed agriculture have been correlated with increased
mercury methylation in downstream surface waters, presumably due to organic matter (Driscoll
et al., 2007; Krabbenhoft et al., 1999). Land disturbance may also contribute to increased
mercury methylation downstream by increasing erosion, and therefore, the mobility of mercury

and organic matter (Driscoll et al., 2007).

6.1.2.2 Conclusions

There appears to be a relationship between sulfate deposition and mercury methylation;
however, the rate of mercury methylation varies according to several factors. Therefore, no
quantifiable correlation between sulfate deposition and methylmercury could be discerned for the
purpose of interpolating the association across waterbodies or regions. Nevertheless, the
association between sulfur and mercury cannot be neglected because of the implications of
changes in methylmercury in ecosystems.

The research summarized here is continually evolving and, in the future, could potentially
allow for more quantitative statements regarding the generation of methylmercury. As the
computational capacity of models expands to meet the complexity of methylmercury in
ecosystems, confounding factors may be parsed out to identify ecosystems or regions that are
more likely to generate higher concentrations of methylmercury. Figure 6.1-3 illustrates the type

of current and forward-looking research being developed by the U.S. Geological Survey (USGS)
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to synthesize the contributing factors of mercury and to develop a map of sensitive watersheds.
The mercury score referenced in Figure 6.1-3 is based on sulfate concentrations, ANC, dissolved
organic carbon, pH, mercury species concentration, and soil types to gauge the methylation

sensitivity (Myers et al., 2007).

Figure 6.1-3. Preliminary USGS map of mercury methylation-sensitive watersheds,
derived from more than 55,000 water-quality sites and 2,500 watershed (Myers et al.,
2007).

This discussion highlights the interdependency of biogeochemical factors and precludes
the existence of simple sulfate-related mercury-methylation models. However, it is evident that
decreases in sulfate deposition will likely result in decreases in methylmercury concentration.

Future research may allow for the quantification of a sulfate-methylmercury response
curve; however, no regional or classification calculation scale can be created at this time because
of the number of confounding factors. According to the current state of research, associations

with mercury methylation occur between the following:

= Total mercury concentrations. Mercury loading to ecosystems is required for the
production of methylmercury. Increases in mercury concentrations are associated with

increases in methylmercury.
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Sulfate. The majority of U.S. waters are sulfate-limited (Harmon et al., 2007); therefore,

decreases in sulfate are likely to promote decreases in methylmercury.

Wetlands. The presence of wetlands in or upstream of surface water systems is

significantly correlated with methylmercury concentrations.

Average temperature. Warmer temperatures stimulate the activity of sulfate-reducing

bacteria.

Sulfide. In sulfate-enriched systems, the rate of methylmercury generation may be

retarded or inhibited by increased sulfide accumulation.

Land, sediment, and water-level disturbance. Land-use changes, water-level
fluctuations, and sediment disturbances can promote unintentional releases or

bioavailability of organic matter, sulfate, and mercury.

Salinity. Freshwater systems appear to yield higher percentages of methylmercury than
salt waters. However, the importance of methylmercury in coastal and marine systems
cannot be discounted because of the human presence in coastal environments and the
abundance of fish and shellfish industries that rely on these systems. Also, salt water
mercury fish consumption advisories demonstrate that methylmercury production in

marine waters is present at levels that may be harmful to humans.

Figure 6.1-4 illustrates the complexity of mercury methylation in ecosystems.
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Figure 6.1-4. Spatial and biogeochemical factors influencing
methylmercury production.

Management strategies for the reduction of methylmercury production are currently
limited to reducing sulfur deposition, reducing mercury deposition, and preventing mercury sink
disturbances. The latter strategy is not discussed here because of the lack of an overall ability to
control these systems on a regional or federal scale and because it is beyond the scope of a
secondary NO,/SOx NAAQS review.

Decreases in sulfate emissions have already shown promising reductions in
methylmercury. Decreases in methylmercury fish tissue concentrations have been observed in
Little Rock Lake, WI, and Isle Royale in Lake Superior, MI, (Hrabik and Watras, 2002;
Drevnick et al., 2007). Although the possibility exists that reductions in sulfate emissions could
generate a pulse in methylmercury production because of decreased sulfide inhibition in sulfate-
saturated waters, the majority of U.S. waters are sulfate-limited (Harmon et al., 2007). Also,
because of the diffusion and outward flow of both mercury-sulfide complexes and sulfate,
increased mercury methylation downstream may still occur in sulfate-enriched ecosystems with

increased organic matter and/or downstream transport capabilities.
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Remediation of heavily mercury-contaminated sediments has yielded significant
reductions of methylmercury in biotic tissues. Because the biotic responses to methylmercury
levels as a result of atmospheric mercury deposition are much lower, direct associations have
been confounded by all of the factors discussed here. Current research observations show that
percentages of methylmercury and total mercury in ecosystems are positively correlated. If these
observations continue to be confirmed, reductions in mercury deposited into ecosystems would
eventually lead to reductions in methylmercury in biotic tissues.

Ultimately, an integrated approach that involves the reduction of both sulfur and mercury

emissions may be most efficient because of the variability in ecosystem responses.
6.2 NITROUS OXIDE (N,O)

6.2.1 Science Overview

Nitrous oxide has not been considered in setting previous NO, NAAQS. In the first NOy
review, N,O was not considered an air contaminant because there was “no evidence to suggest
N,O is involved in photochemical reactions in the lower atmosphere” (U.S. EPA, 1971). Nitrous
oxide was addressed in both the 1982 and 1993 criteria documents. In 1982, it was described as
one of the eight nitrogen oxides that may be present in the ambient air, but “not generally
considered a pollutant.” The effect of N,O on stratospheric ozone was described, and the criteria
document noted that N,O may cause a small decrease in stratospheric ozone (U.S. EPA, 1982).
Finally, the criteria document concluded that N,O significantly contributes to the atmospheric
greenhouse effect by trapping outgoing terrestrial radiation, and that the issue was being
investigated, but that many years of research were still needed to reliably assess the issue. In
1993, the criteria document again identified N,O as an oxidized nitrogen compound that is not
generally considered to be an air pollutant, but does have an impact on stratospheric ozone and is
considered to be among the more significant greenhouse gases (GHGs). These documents clearly
considered N,O to be within the scope of the listed nitrogen oxides’ criteria for pollutants.

The second draft ISA acknowledges N,O as a potent GHG and discusses N,O sources
and emissions in the United States, as well as the biogeochemistry of its microbial-mediated
production via denitrification in natural ecosystems (U.S. EPA, 2008; Section 3.3). Based on the
current U.S. Greenhouse Gas (GHG) Inventory (U.S. EPA, 2007), N,O contributes
approximately 6.5 % to total GHG emissions (in CO, equivalents) (Figure 6.2-1).
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Figure 6.2-1. Percent of total U.S. emissions of greenhouse gases
in CO; equivalents (U.S. EPA, 2007).

Since the definition of “welfare effects” includes effects on climate [CAA Section
302(h)], we will include N,O within the scope of this review. However, it is most appropriate to
analyze the role of N,O in anthropogenic climate change in the context of all of the GHGs.
Because such an analysis is outside the scope of this review, it will not be a quantitative part of

this assessment.
Integrated Science Assessment Summary

Nitrous oxide is a GHG that contributes to global warming. Although the atmospheric
concentration of N,O (319 ppb) is much lower than CO; (379 ppm), its global warming potential
1s 296 times that of CO,. Human activities have increased the atmospheric concentration of N,O
by 18% since preindustrial times (IPCC, 2007). The continuing increase of those GHG
concentrations has been shown to threaten human and ecosystem health.

Anthropogenic nitrogen deposition to ecosystems not only changes the global nitrogen
cycle, it also has profound impacts on biogeochemical processes associated with GHG emissions
(Bodelier and Laanbroek, 2004; Dalal et al., 2003; Vitousek et al., 1997). The impacts of
nitrogen addition on N,O emissions were reviewed and quantitatively synthesized by meta-
analysis in the ISA. The publications included in this meta-analysis are in Annex D of the draft
ISA (U.S. EPA, 2008).

Biogenic sources are the dominating contributors (>90%) to atmospheric N,O. Terrestrial
soil is the largest source of atmospheric N»O, accounting for 60% of global emissions (IPCC,
2001). Nitrous oxide production in soil is mainly governed by microbial nitrification and
denitrification (Dalal et al., 2003). The contribution of each process to the total N,O production
varies with environmental conditions. Denitrifying bacteria reduce nitrate (NO3") or nitrite (N 0,’

into N,O or N, under anaerobic conditions. In submerged soils, such as wetland soil,
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denitrification should be the dominant process to N,O emission (Conrad, 1996). Increasing NOs’
input generally increases the denitrification rate under suitable conditions of temperature and
organic carbon supply. High soil NO3™ concentrations also inhibit N>O reducing to N and result
in a high N,O/N; ratio (Dalal et al., 2003). Under aerobic environments, autotrophic nitrifying
bacteria obtain energy by reducing NH,". Nitrous oxide is an intermediate product of the
oxidation of NH4" to NO, or the decomposition of NO,™ . The increase in N,O emissions
following NH," addition has been observed in many laboratory and field experiments (Aerts and
Caluwe 1999; Aerts and Toet 1997, Keller et al., 2005).

The meta-analysis on the effects of nitrogen addition on N,O emissions from non-
agricultural ecosystems includes 99 observations from 30 publications (U.S. EPA, 2008).
Nitrogen addition normally enhanced N,O emissions, with some exceptions (Ambus et al., 2006;
Ambus and Robertson, 2006; Borken et al., 2002; Curtis et al., 2006; Skiba et al., 1999).
Although some natural ecosystems can be a N,O sink (Chapuis-Lardy et al., 2007), very limited
publications assessed the impact of nitrogen addition on N,O uptake. Thus, only changes in N,O
production were estimated in this meta-analysis. Overall, the results of the meta-analysis
indicated that nitrogen addition increased N>O emissions by 215%. The response of N,O
emissions was influenced by ecosystem type and the form and amount of nitrogen addition.

Compared to other ecosystems, tropical forests emitted more N,O under nitrogen
enrichment conditions (+735%). This greater response may be because tropical forests are often
phosphorus-limited rather than nitrogen-limited (IPCC, 2001). However, climatic conditions,
especially temperature and precipitation, could also be key factors to drive N,O emissions from
tropical forest ecosystems.

Nitrate caused a higher stimulation (+494%) on N,O emission than did NH;" (+95%). By
adding radiolabeled nitrogen-15 (*°N), labeled NOs™ and NH,4" to soil, Russow and colleagues
(2008) found that N,O was mainly emitted by denitrification, and the contribution of
denitrification to the total N>O production increased from 54% in soil with normal soil organic
matter (SOM) content to 76% in soil with high SOM content.

The ISA concludes that the reviewed evidence is sufficient to infer a causal relationship
between reactive nitrogen deposition and the alteration of biogeochemical flux of N,O in
terrestrial ecosystems (U.S. EPA, 2008). Overall, the results of the meta-analysis discussed in

Section 3.3.4 of the ISA indicated that nitrogen addition increased N,O emissions by 215%. The
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response of N,O emission to nitrogen addition for coniferous forests, deciduous forests, and
grasslands was significant. The ISA also concluded that the evidence reviewed was sufficient to
infer a causal relationship between reactive nitrogen deposition and the alteration of N,O flux in
wetland ecosystems. In the meta-analysis of 19 observations from studies that evaluated the
effects of nitrogen additions ranging from 15.4 to 300 kg N ha ' yr', nitrogen addition was
shown to increase the production of N,O by 207% (U.S. EPA, 2008)

6.2.2 Qualitative Analysis

The analysis of risk to public welfare from the increased generation of N,O as a GHG is
beyond the scope of this first draft risk and exposure assessment. A more complete analysis of
the effects of increasing GHGs on public welfare should include N,O as one of a suite of gases
that affect global warming trends and would require a much broader treatment than could be
given in the scope of this review. The EPA recently released an Advance Notice of Public
Rulemaking on Regulating Greenhouse Gas Emissions under the Clean Air Act
(http://www.epa.gov/ climatechange/emissions/downloads/ANPRPreamble.pdf), which discusses

these effects in more detail.

6.3 CARBON SEQUESTRATION

This section discusses the mechanisms by which atmospheric nitrogen deposition alters
carbon cycling in terrestrial and aquatic ecosystems. The interactions between increased nitrogen
deposition and carbon sequestration in terrestrial and aquatic ecosystems are summarized in
Sections 6.3.1 and 6.3.2. Although predicted values of atmospheric CO, concentrations in the
future may alter the interaction between nitrogen and carbon cycling, further analysis on this

topic is beyond the scope of this review.

6.3.1 Terrestrial Ecosystems

Because nitrogen availability often limits rates of net primary production in terrestrial
ecosystems (Vitousek and Howarth, 1991), there is an implicit link between the carbon and
nitrogen cycles (Figure 6.3-1). More than 50% of plant nitrogen is used for photosynthetic
enzymes. Because nitrogen is necessary for photosynthesis, rates of photosynthesis and net

primary productivity (NPP) typically correlate with metrics of nitrogen availability, such as leaf
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nitrogen content and net nitrogen mineralization rate (Field and Mooney, 1986; Reich et al.,
1997a, b; Smith et al., 2002).

Few studies have isolated the effect of chronic nitrogen deposition on plant growth and
ecosystem carbon balances. It is difficult to untangle the effects of climate, disease, and land use
from nitrogen deposition effects. Therefore, to address this question, we rely on fertilization
studies, modeling, gradient studies, and time-trend analyses.

Carbon accumulation in terrestrial ecosystems occurs in the plants and in the soil. Carbon
cycling is a complex process that can be quantified into ecosystem carbon budgets on the basis of
net ecosystem productivity (NEP), defined as gross primary productivity (GPP) after subtracting
the ecosystem respiration (i.e., vegetative + heterotrophic respiration). Factors that may increase
terrestrial CO, sinks on a regional scale are increased NPP and decreased respiration of CO,
from leaf or soil processes. These two mechanisms may be altered by atmospheric deposition of
nitrogen, tropospheric ozone exposure, increased CO, concentrations, land-use change, and
factors associated with climate warming (Beedlow et al., 2004; Melillo et al., 2002; Myneni
et al., 1997; Schimel et al., 2001). This adds to the uncertainty regarding the sources and sinks of
CO; in the terrestrial biosphere (Houghton, 2003). It should be noted that it is not known whether
present terrestrial carbon sequestration can be sustained in view of limits of forest regrowth,
nutrient availability, and uncertainty about changes in the frequency of disturbances such as fire

(Schimel et al., 2001; Scholes and Noble, 2001).
6.3.1.1 Forests

Aboveground Processes

There is substantial evidence that nitrogen additions to trees cause increased leaf-level
photosynthetic rates. However, the ISA (U.S. EPA, 2008) evaluated the potential for nitrogen
deposition to increase aboveground carbon biomass and concluded that it is limited for reasons

related to the biogeochemical cycling of nitrogen.
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Figure 6.3-1. Interactions between the carbon and nitrogen cycles.

Forest growth enhancement, to the extent that it occurs, can potentially exacerbate other
nutrient deficiencies, such as calcium, magnesium, or potassium. Multiple long-term experiments
have demonstrated transient growth increases followed by increased mortality, especially at
higher rates of fertilization (Elvir et al., 2003; Hogberg et al., 2006, Magill et al., 2004; McNulty
et al., 2005).

Decreased growth and increased mortality have more commonly been observed in high-
elevation coniferous stands than in lower-elevation hardwood forests, and these differences have
been partially attributed to higher inputs of nitrogen at higher elevations and to response
characteristics of coniferous, as opposed to deciduous, trees (Aber et al., 1998). Conifer forests
that receive high inputs of reactive nitrogen appear to exhibit decreases in productivity and
increases in mortality (Fenn et al., 1998). For example, fertilization experiments at Mount
Ascutney, VT, suggested that nitrogen saturation may lead to the replacement of slow-growing
spruce-fir forest stands by fast-growing deciduous forests that cycle nitrogen more rapidly

(McNulty et al., 1996, 2005).
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Belowground Processes

Soils contain the largest near-surface reservoir of terrestrial carbon; more than 50% of
carbon captured annually by plants may be allocated below ground (Kubiske and Godbold,
2001). Although there remains considerable uncertainty in the potential response of soil carbon
to increases in reactive nitrogen additions (Neff et al., 2002), a meta-analysis by Johnson and
Curtis (2001) suggested that nitrogen fertilization caused an 18% increase in soil carbon content.

There is also evidence of a relationship between nitrogen deposition and root production.
Nadelhoffer (2000) argued that it is likely that nitrogen deposition functions to decrease forest
fine-root biomass, but to stimulate fine-root turnover and production. However, very high levels
of nitrogen (>100 kg N ha ' yr ') decreased root life span of Pinus ponderosa (Johnson et al.,
2000).

Litterfall is usually the dominant source of soil organic carbon and a substantial source of
organic nitrogen. Decomposition of litterfall is often facilitated by heterotrophic bacteria and
mycorrhizae. The quantity of litter has been shown to increase with elevated nitrogen deposition
(Schulze et al., 2000), resulting in increased microbial metabolism in soil. It is also well
demonstrated that increased nitrogen availability reduces the ratio of carbon to nitrogen in leaf
tissue. In turn, a lower carbon-to-nitrogen ratio in leaf litter has been shown to cause faster initial
rates of decomposition (Melillo et al., 1982); however, the biochemistry of the leaf tissue is also
important, and higher nitrogen litter can actually decompose more slowly in the long term (Berg,
2000).

Soil respiration is the dominant source by which plant-assimilated carbon is returned to
the atmosphere via CO,. Changes in the magnitude of soil CO, efflux due to changes in
environmental conditions will likely influence the global atmospheric CO, budget (Schlesinger
and Andrews, 2000). The effects of nitrogen addition on soil respiration are mixed. In the
Harvard Forest Long Term Ecological Monitoring and Research (LTER) Site Chronic Nitrogen
Amendment Study, nitrogen additions increased soil respiration for a hardwood stand, but not for
a pine stand, during the first year of fertilization. However, continued nitrogen additions over a
decade caused a 40% decrease in soil respiration for both stands, and this decrease was attributed

mostly to a decrease in microbial respiration (Bowden et al., 2004).
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Regional Trends in Net Ecosystem Productivity

Analyses of satellite observations of canopy greenness over the past 20 years across
North America suggest enhancement of net ecosystem productivity in some regions,
corresponding to observed changes in climate and forest management. Few such changes were
observed in the northeastern United States (Hicke et al., 2002). In another study, evaluation of
tree growth rates in five states (i.e., Minnesota, Michigan, Virginia, North Carolina, and Florida)
found little evidence for growth enhancement due to any factor examined, including nitrogen
deposition, CO; fertilization, or climate change (Caspersen et al., 2000). Potential effects of
nitrogen deposition on boreal forests of North America are of concern, in part because of the
large size of this terrestrial biome. Climate warming and nitrogen deposition may increase net
primary productivity and carbon sequestration in the boreal forest, but they may also stimulate
decomposition of soil organic matter, potentially leading to a net loss of carbon from the

ecosystem (Kirschbaum, 1994; Mikipaa et al., 1999).

6.3.1.2 Arctic Tundra

In a long-term fertilization experiment (Mack et al., 2004), plots were fertilized from
1981 to 2000 to receive approximately 5 to 8 times the annual soil nitrogen uptake requirement
for aboveground production in the arctic tundra ecosystem. Carbon storage increased above
ground because of the accumulation of woody shrub biomass and litter, but this was offset by a
larger decrease of carbon in belowground pools because of a pronounced decrease in the carbon
contained in deep organic (>5 cm depth) and upper mineral soil layers (Shaver et al., 2001). This
study clearly showed that increased nutrient availability enhanced decomposition of
belowground carbon pools in deep soil layers more than it increased primary production, leading
to a substantial net loss of carbon from this ecosystem.

Increasing temperatures may amplify these effects and further stimulate carbon losses
from high-latitude systems, causing species shifts in the vegetation community, from tussock to
increased shrub abundance, and leading to decreased ecosystem carbon storage. Finally, the
decreased soil moisture and increased depth of thaw with temperature rise are predicted to have a

positive effect on decomposition (Shaver et al., 2001), releasing more COs.
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6.3.1.3 Grasslands
Belowground Factors

An investigation by Neff and colleagues (2002) of long-term effects (10 years) of
nitrogen deposition (10 kg N ha™' yr'!) in a dry meadow ecosystem indicated that nitrogen
additions significantly accelerated the decomposition of soil carbon fractions with decadal
turnover times while further stabilizing soil carbon compounds in mineral-associated fractions
with multi-decadal to century lifetimes. Despite these changes in the dynamics of different soil
pools, no significant changes in bulk soil carbon were observed, highlighting a limitation of the
single-pool approach for investigating soil carbon responses to changing environmental
conditions (Neff et al., 2002). The authors noted that it remains to be seen if the effects that were
caused by relatively high, decadal-term fertilizer additions are similar to those that would arise
from lower, longer-term additions of nitrogen to natural ecosystems from atmospheric

deposition.
Interactions with Fire

Several lines of evidence suggest that reactive nitrogen deposition may be contributing to
greater fuel loads, thus altering the fire cycle in a variety of ecosystem types (Fenn et al., 2003).
Invasive grasses, which can be favored by high nitrogen deposition, promote a rapid fire cycle in
many locations (D’Antonio and Vitousek, 1992). The increased productivity of flammable
understory grasses increases the spread of fire and has been hypothesized as one mechanism for
the recent conversion of CSS to grassland in California (Minnich and Dezzani, 1998).

High grass biomass has also been associated with increased fire frequency in the Mohave
Desert (Brooks, 1999; Brooks and Esque, 2002; Brooks et al., 2004). Fire was relatively rare in
the Mojave Desert until the past two decades, but now occurs frequently in areas that have

experienced invasion of exotic grasses (Brooks, 1999).
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6.3.2 Aquatic Ecosystems

6.3.2.1 Wetlands
Aboveground Processes

In a literature summary, U.S. EPA (1993) showed that nitrogen applications, ranging
from 7 to 3120 kg N ha'yr’', stimulated standing biomass production by 6%—413%. However,
the magnitude of the changes in primary production depended on soil nitrogen availability and
the limitation of other nutrients. The degree of nitrogen limitation to growth varies among
wetlands across the United States (Bedford, 1999).

Although studies applying fertilizer treatment increase the primary production of plant
species in intertidal wetlands, applications are several orders of magnitude larger than
atmospheric deposition (Mendelssohn, 1979; Wigand et al., 2003). In comparison, nitrogen loads
brought by tidal water and groundwater (565-668 kg N ha'yr'") are much larger than nitrogen
depositing directly to the surface of coastal marshes, which suggests that direct nitrogen
deposition may have limited impacts on this ecosystem (Morris, 1991). On the other hand,
indirect atmospheric deposition that is nitrogen deposited to the watershed and transported via
surface or groundwater could be the major source of the total nitrogen load to coastal marshes.
For example, model calculation in Chesapeake Bay waters (U.S. EPA, 2000) suggests that 30%
of the nitrogen delivered to wetlands via estuarine tides would originate from atmospheric

deposition.
Belowground Processes

Bragazza and colleagues (2006) found that enhanced decomposition rates for material
accumulated under higher atmospheric nitrogen supplies resulted in higher CO, emissions and
dissolved organic carbon releases. The increased nitrogen availability favored microbial
decomposition (1) by removing nitrogen constraints on microbial metabolism and (2) through a
chemical amelioration of litter peat quality with a positive feedback on microbial enzymatic
activity. Although some uncertainty remains about whether decay-resistant Sphagnum will
continue to dominate litter peat, the data indicated that even without such changes, increased

nitrogen deposition poses a serious risk to the valuable peatland carbon sinks.
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Reduced vs. Oxidized Nitrogen

The form of added nitrogen may regulate wetland response to nitrogen deposition.
Experimental applications of nitrate (i.e., oxidized nitrogen) appear to have been less effective at
stimulating wetland plant productivity than applications of ammonium ion (i.e., reduced
nitrogen) (U.S. EPA, 1993). However, an important caveat expressed by U.S. EPA (1993) was
that the results of relatively short-term nitrogen fertilization experiments are not necessarily good

predictors of long-term wetland community responses to increased nitrogen inputs.

6.3.2.2 Freshwater Aquatic Ecosystems

The biogeochemical cycles of nitrogen, phosphorus, and carbon are linked in freshwater
ecosystems (Figure 6.3-2); therefore, nitrogen additions alter the balance of all three cycles. In
nitrogen-limited aquatic systems, atmospheric inputs of nitrogen increase productivity and alter

biological communities, especially phytoplankton.
Nitrogen Limitation

A freshwater lake or stream must be nitrogen-limited in order to be sensitive to nitrogen-
mediated eutrophication. Recently, a comprehensive study of available data from the northern
hemisphere surveys of lakes along gradients of nitrogen deposition shows increased inorganic
nitrogen concentration and productivity to be correlated with atmospheric nitrogen deposition
(Bergstrom and Jansson, 2006). These authors suggested that the majority of lakes in the
northern hemisphere may have originally been nitrogen-limited, and that atmospheric nitrogen
deposition has changed the balance of nitrogen and phosphorus in lakes so that phosphorus
limitation is generally observed today. If this is correct, the role of atmospheric nitrogen
deposition as an influence on aquatic primary production may have been underestimated

throughout the entire history of limnology.
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Figure 6.3-2. Nitrogen cycle in a freshwater ecosystem showing links
to the phosphorous and carbon cycles.

Productivity investigations have included gradient studies in which the relationship
between lake nitrogen concentration and primary productivity (reported as chlorophyll a, net
primary productivity, or an index such as the lake chemistry ratio of dissolved inorganic nitrogen
[DIN] to total phosphorus [TP] [DIN:TP]) was surveyed and correlated with atmospheric
nitrogen deposition. Productivity studies have also included lake and stream bioassays in which
nitrogen was added to waters in the field or the laboratory to measure the response. The most
common, and easiest to document, indicators of change in algal productivity are measures of the
concentration of chlorophyll a and water clarity. However, water clarity is also strongly
influenced by the erosion of fine sediment to the lake or stream system. Chlorophyll a

concentration is generally more directly tied to algal productivity than is water clarity.
Phytoplankton Biomass

Studies have shown an increase in lake phytoplankton biomass with increasing

nitrogen deposition in several regions, including the Snowy Range in Wyoming (Lafrancois
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et al., 2003), the Sierra Nevada Mountains in California (Sickman et al., 2003), and across
Europe (Bergstrom and Jansson, 2006). Gradient studies of undisturbed northern temperate,
mountain, or boreal lakes that receive low levels of atmospheric nitrogen deposition found strong
relationships between nitrogen limitation and productivity where nitrogen deposition was low,
and between phosphorus and nitrogen and phosphorus limitations where nitrogen deposition was
higher (Bergstrom et al., 2005; Bergstrom and Jansson, 2006; Fenn et al., 2003).

A meta-analysis of enrichment bioassays in 62 freshwater lakes of North America,
including many of the studies described above, found algal growth enhancement from nitrogen
amendments to be common in slightly less than half the studies (Elser et al., 1990). There was a
mean increase in phytoplankton biomass of 79% in response to nitrogen enrichment (average of
46.3 peq L' N) (Elser et al., 1990). This meta-analysis was recently repeated with a much larger
data set and similar results (Elser et al., 2007).

The most widely used index of biological change in response to nutrient addition is the
measurement of chlorophyll a concentration in water. Surveys and fertilization experiments
show increased inorganic nitrogen concentration and aquatic ecosystem productivity (as
indicated by chlorophyll a concentration) to be strongly related.

The ISA (U.S. EPA, 2008) provides a broad summary on the interaction between

nitrogen deposition and carbon sequestration.
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9. ANALYSES FOR SECOND DRAFT RISK ASSESSMENT

This first draft risk and exposure assessment for the secondary NAAQS review of NOy

and SOy has focused on assessing the current conditions for the four targeted effect areas since

the scope and methods plan was reviewed by CASAC in April 2008. For the second draft risk

and exposure assessment, we plan to complete and update the current conditions assessments, as

well as scale up to larger assessment areas where feasible. The following list previews our

current plans for the second draft risk and exposure assessment, organized as currently presented

in this document.

=  Chapter 3: Sources Ambient Concentrations and Deposition

Add 2002-2006 CMAQ model year run to analyses to examine variability in

meteorology relative to concentrations —creating dataset for Case Study Analyses

Create hybrid data set of 2002-2006 CMAQ/NADP data for case study modeling and

scaling to larger assessment areas

Model 5 years of meteorology with one year of emissions to look year to year at

meteorological effects on deposition

= Chapter 4 : Acidification

Use 2002-2006 CMAQ data set for modeling analysis

Scaling up to larger assessment areas: more Adirondack lakes and Shenandoah

waterbodies
Methods for the Risk Assessment

e Risk Modeling with MAGIC
e Model Parameters for evaluating risk

Results

e Adirondack - uncertainty
e Shenandoah - uncertainty

Characterization of Risks Associated with Alternative Levels of Protection
Scaling up to Larger Assessment Areas

Uncertainty for Larger Assessment Areas
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— Present Terrestrial Acidification Case Study results from Simple Mass Balance
Modeling expressed as base cation to Aluminum ratio and binning to soil ANC values

(to provide a range of critical limits)
= Chapter 5 : Nutrient Enrichment
— Using 2002-2006 CMAQ data set for modeling analysis
— Scaling up to larger assessment areas
— Characterization of risks
= Chapter 6 : Additional Effects

— Further evaluation as needed based on CASAC consultation
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Working Outline

Risk and Exposure Assessment to Support the Joint Review of the NO; and SO, Secondary
National Ambient Air Quality Standards: Preliminary Draft

1. Introduction

1.1. Rationale for Background for Joint Review

1.2. Policy-Relevant Questions

1.3. History
1.3.1 History of the Secondary NO, NAAQS
1.3.2 History of the Secondary SO, NAAQS
1.3.3 Conclusions from Previous NAAQS Reviews and alternative assessments (e.g.

NAPAP, ADSFS, etc).

1.4. Scope of the Risk and Exposure Assessment for the Current Review
1.4.1 Species of Nitrogen Included in the Analyses
1.4.2 Species of Sulfur Included in the Analyses
1.4.3 Science Overview

2. Overview of Risk and Exposure Assessment
2.1. Introduction
2.2. Seven Step Approach
2.3. Ecosystem Services
2.4. Uncertainty

3. Sources, Ambient Concentrations and Deposition
3.1. Science Overview

3.1.1. Sources of Nitrogen and Sulfur (emissions)

3.1.2. Ambient Concentrations and Policy Relevant Background

3.1.3. Non-ambient Loadings of Nitrogen and Sulfur

3.1.4. Deposition (CMAQ/NADP maps)

3.2. Current Contributions to Ambient Conditions

3.2.1. Spatial and Temporal Characterization of Ambient Concentrations and
Deposition
3.2.1.1. Purpose and Intent
3.2.1.2. Data and Tools
3.2.1.3. Analytical Techniques
3.2.1.4. Results and Findings
3.2.1.5. Uncertainty

3.2.2. Contributions to Ambient Concentrations and Deposition
3.2.2.1. Purpose and Intent
3.2.2.2. Data and Tools
3.2.2.3. Analytical Techniques
3.2.2.4. Results and Findings
3.2.2.5. Uncertainty

4. Acidification
4.1. Science Overview
4.1.1. Aquatic Acidification
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4.2.

4.3.

4.1.2. Terrestrial Acidification

4.1.3. Uncertainty

Aquatic Acidification

4.2.1. Biological, Chemical, Ecological Indicators

4.2.2. Characteristics of Sensitive Areas

4.2.3. Case Study Selection

4.2.4. Current Conditions Assessment (includes empirical data and evidence of
effects)

4.2.5. Scaling up to Larger Assessment Areas

4.2.6. Current Conditions for Assessment Areas

4.2.7. Characterization of Risks Associated with Alternative Levels of Protection

4.2.8. Uncertainty

Terrestrial Acidification

4.3.1. Biological, Chemical, Ecological Indicators

4.3.2. Characteristics of Sensitive Areas

4.3.3. Case Study Selection

4.3.4. Current Conditions Assessment (includes empirical data and evidence of
effects)

4.3.5. Scaling up to Larger Assessment Areas

4.3.6. Current Conditions for Assessment Areas

4.3.7. Characterization of Risks Associated with Alternative Levels of Protection

4.3.8. Uncertainty

5. Nutrient Enrichment
5.1. Science Overview (from ISA, what to emphasize)

5.1.1. Aquatic Nutrient Enrichment
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ACRONYMS AND ABBREVIATIONS

cm centimeters

CMAQ Community Multiscale Air Quality

GIS geographic information systems

Km kilometer

NADP National Atmospheric Deposition Program
USDA U.S. Department of Agriculture

USFS U.S. Forest Service

FIA Forest Inventory and Analysis National Program
EPA U.S. Environmental Protection Agency

USGS U.S. Geological Service

SO4'2 wet sulfate
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1. OBJECTIVE

The objective of this analysis is to define geographical areas sensitive to aquatic
acidification, terrestrial acidification, aquatic nutrient enrichment, and terrestrial nutrient
enrichment. The first step in this process is to identify national geospatial datasets (or geographic
information systems [GIS] layers) that contain measures of parameters that are known to affect
any of these ecosystems. Each layer will play a role to a varying degree; not all layers contribute
equally to ecosystem sensitivity. Each layer that makes a contribution must be classified so that
categories of varying degrees of sensitivity can be created. These categories can either be defined
by a simple threshold value (i.e., above or below which an area is sensitive), or by several values
of increasing or decreasing sensitivity. When the layers are combined in a GIS system, the
geographic areas that exceed the threshold values in each of the layers can be identified. This

would yield the areas of highest potential sensitivity.

2. SELECTION OF GEOSPATIAL DATASETS

There are several broad criteria for selecting appropriate geospatial datasets, including the

following:

= Physical characteristics. Physical characteristics are those that pertain to the physical
environment of a given location (e.g., elevation, soil depth).

= Chemical characteristics. Chemical characteristics are those that pertain to the
underlying chemical characteristics of the water or soil (e.g., soil pH).

= Presence of sensitive receptors. Overall sensitivity can be increased if there are biotas
that are either known to be or depend on plant communities that are sensitive to
acidification or nutrient enrichment.

= Spatial resolution. At a national scale of study, most, if not all, datasets will have an
acceptable spatial resolution. The data will not be too coarse to show regional variation.
Care must be used when combining data with different spatial resolutions (i.e.,
combining data designed to be used on a national scale with data designed to be used on a
county scale) because the resultant data will only be as accurate as the least accurate of

the inputs.
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3.1

Spatial extent. The goal of this analysis is to use data that geographically cover the entire
continental United States. Where data only exists on a regional level, they may be
considered if they can still represent the range of sensitivities.

Temporal resolution. Every effort will be made to use data collected during the same
general time period and, preferably as recently as possible, to reflect current conditions.
Completeness of metadata. Only data with well-documented origins and collection

techniques will be considered for inclusion in any analysis.

3. SENSITIVITY TO AQUATIC ACIDIFICATION

SELECTED INDICATOR GEOSPATIAL DATASETS

The publicly available geospatial datasets outlined in the following subsections have been

identified as important contributors to aquatic acidification and meet the selection criteria.

3.1.1 Slope
Name: Grayscale North America Shaded Relief

Contribution: Streams or rivers tend to be more sensitive is to acidification in areas of
steeper slopes because base cations are leached from soils and washed downstream.
Source: U.S. Geological Service (USGS) National Atlas

Date: September 2006

Spatial Extent: Continental United States

Spatial Resolution: 1 kilometer (km) grid cells

Threshold Value(s): 3%

3.1.2 Soil pH

Name: Statsgo (Conus soils)

Contribution: Areas that have low soil pH tend to also have low surface water pH.
Source: Penn State University

Date: 1998

Spatial Extent: Continental United States

Spatial Resolution: Soil unit (variable size)

Threshold Value(s): pH less than or equal to 5.0

DRAFT Attachment 2, pg 2 August 2008



—

O 00 9 N W bk~ W

10

11
12
13
14
15
16
17
18
19

20

21
22
23
24
25
26
27
28
29
30

National Sensitive Areas Analysis

3.1.3 Soil pH

Name: U.S. Forest Service Soils Survey

Contribution: Areas that have low soil pH tend to also have low surface water pH.
Source: U.S. Department of Agriculture (USDA) Forest Service (USFS), Forest
Inventory and Analysis National Program (FIA)

Date: 2001-2003

Spatial Extent: Continental United States

Spatial Resolution: Forest plot

Threshold Value(s): pH less than or equal to 5.0

3.1.4 Soil Depth

Name: Statsgo (Conus soils)

Contribution: Areas that have thin soils tend to also have low surface water pH
Source: Penn State University

Date: 1998

Spatial Extent: Continental United States

Spatial Resolution: Soil unit (variable size)

Threshold Value(s): Soil depth was divided into four quartiles, and the areas with the
lowest soil depth (bottom quartile) were identified. The value defining the break point

between the first and second quartiles was 51 inches in total depth.

3.1.5 Surface Water Alkalinity
Name: Alkus

Contribution: Classifies the continental United States into categories of acid neutralizing
capacity (peq/l). Areas with lowest acid neutralizing capacity are most sensitive to
acidification.

Source: U.S. Environmental Protection Agency (EPA), Office of Research and
Development, Corvallis, OR

Date: Pre-1992

Spatial Extent: Continental United States

Spatial Resolution: Unknown

Threshold Value(s): 400 peq/l or less are considered acid sensitive.
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3.2

3.1.6 Geology

Name: Karst

Contribution: Karst topography is comprised of carbonate rocks, such as limestone and
dolomite, which have a high ANC. This can be used to exclude these areas as being
sensitive to acidification.

Source: USGS National Atlas

Date: 1998

Spatial Extent: Continental United States

Spatial Resolution: Unknown

Threshold Value(s): All areas of karst, with the exception of fissure tubes (volcanic in
origin), are used to exclude areas of acid sensitivity.

Geology: ANC

OVERLAY RESULTS

The extraction of the areas of greatest acid sensitivity is a relatively simple process within

the GIS. The two soil pH layers were averaged to yield a hybrid value. This hybrid layer was

intersected with the other input layers to create a polygon that defines the area of highest

potential sensitivity. The area can then be displayed in map form, as shown in Figure 3.2-1.
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Figure 3.2-1. Area potentially sensitive to aquatic acidification.

4. SENSITIVITY TO TERRESTRIAL ACIDIFICATION

SELECTED INDICATOR GEOSPATIAL DATASETS

The publicly available geospatial datasets outlined in the following subsections have been

identified as important contributors to terrestrial acidification and meet the selection criteria.

4.1.1 Range of Sugar Maple

Name: Acersacr

Contribution: Sugar maples are known to be sensitive to acidification and have an
economic value, including the production of maple syrup and marketable timber.
Source: USGS

Date: 1971-1977

Spatial Extent: Continental United States; however, only found regionally.
Spatial Resolution: For use at scales of 1:10,000,000 or smaller.

Threshold Value(s): Boundary defines range of the species.
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4.1.2 Range of Red Spruce

Name: Picerube

Contribution: Red spruce are known to be sensitive to acidification, especially at higher
elevations, and have economic value, including their use as marketable timber.

Source: USGS

Date: 1971-1977

Spatial Extent: Continental United States; however, only found regionally.

Spatial Resolution: For use at scales of 1:10,000,000 or smaller.

Threshold Value(s): Boundary defines range of the species.

4.1.3 Geology

Name: Karst

Contribution: Karst topography is comprised of carbonate rocks, such as limestone and
dolomite, which have a high ANC. The presence of karst can be used to exclude these
areas as being sensitive to acidification.

Source: USGS National Atlas

Date: 1998

Spatial Extent: Continental United States

Spatial Resolution: Unknown

Threshold Value(s): All areas of karst, with the exception of fissure tubes (volcanic in

origin), are used to exclude areas of acid sensitivity.

4.1.4 Precipitation

Name: Precipitation pH

Contribution: Areas receiving acidic (low pH) precipitation are more likely to lose their
buffering capacity over time, thus making them sensitive to acidification.

Source: National Atmospheric Deposition Program (NADP).

Date: 2006

Spatial Extent: 312 monitoring stations variably distributed across the United States
Spatial Resolution: For use on regional or national scale only.

Threshold Value(s): Currently using a pH of less than or equal to 5.0 to define areas of

acidic precipitation (subject to change).
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4.1.5 Soil pH

Name: Statsgo (Conus soils)

Contribution: Areas that have low soil pH tend to also have low surface water pH
Source: Penn State University

Date: 1998

Spatial Extent: Continental United States

Spatial Resolution: Soil unit (variable size)

Threshold Value(s): pH less than or equal to 5.0

4.1.6 Soil pH

Name: U.S. Forest Service Soils Survey

Contribution: Areas that have low soil pH tend to also have low surface water pH
Source: USFS, Forest Inventory and Analysis National Program

Date: 2001-2003

Spatial Extent: Continental United States

Spatial Resolution: Forest plot

Threshold Value(s): pH less than or equal to 5.0

4.1.7 Wet Deposition of Sulfur Containing S0,?
Name: Wet Sulfate (SO,47) Deposition

Contribution: Greater deposition of sulfate in precipitation leads to lower precipitation
pH. Over time this can reduce an area’s buffering capacity.

Source: NADP

Date: 2006

Spatial Extent: 312 monitoring stations variably distributed across the United States
Spatial Resolution: For use on regional or national scale only, continental United States

Threshold Value(s): None currently selected

4.1.8 Wet Deposition of Nitrogen Containing Chemical Species NO; and NH,"

Name: Wet nitrogen (both reduced and oxidized) deposition
Contribution: Greater deposition of nitrate in precipitation leads to lower precipitation

pH; over time this can reduce an area’s buffering capacity
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Source: NADP

Date: 2006

Spatial Extent: 312 monitoring stations variably distributed across the United States
Spatial Resolution: For use on regional or national scale only

Threshold Value(s): None currently selected

4.1.9 Total Dry Deposition of Nitrogen Containing Both Oxidized and Reduced

Chemical Species

Name: DDTOTN_1A field from Community Multiscale Air Quality (CMAQ) dataset
Contribution: Greater deposition of nitrogen deposited increases the likelihood of base
cation depletion; over time, this can reduce an area’s buffering capacity

Source: CMAQ model

Date: 2002

Spatial Extent:12 km grid cells of the contiguous United States

Spatial Resolution: For use on regional or national scale only, continental United States

Threshold Value(s): None currently selected.

4.1.10 Total Dry Deposition of Sulfur
Name: DDTOTS 1A field from CMAQ dataset

Contribution: Greater deposition of sulfur increases the likelihood of base cation
depletion; over time, this can reduce an area’s buffering capacity

Source: CMAQ model

Date: 2002

Spatial Extent: 12 km grid cells of the contiguous United States

Spatial Resolution: For use on regional or national scale only. continental United States

Threshold Value(s): None currently selected

4.1.11 Soil Depth

Name: Statsgo (Conus soils)
Contribution: Areas that have thin soils tend to also have low surface water pH
Source: Penn State University

Date: 1998
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= Spatial Extent: Continental United States

= Spatial Resolution: Soil unit (variable size)

= Threshold Value(s): RTI divided soil depth into fourth quartiles and used the areas with
the lowest soil depth (bottom quartile) to define the areas of the highest sensitivity to
acidification. The ended up as all measurements less than 51 centimeters (cm) in total

depth.
4.2 LAYERS CONSIDERED, BUT NOT INCLUDED

4.2.1 Elevation

= Name: Grayscale North America Shaded Relief

= Contribution: Certain species, especially red spruce, become sensitive to acidification
above an elevation of 750 meters

= Source: USGS National Atlas

= Date: September 2006

= Spatial Extent: Continental United States

= Spatial Resolution: 1 km grid cells

=  Threshold Value(s) - 750 meters

= Exclusion Reason - Not used because we already have range of red spruce

43 OVERLAY RESULTS

The areas of greatest terrestrial acidification sensitivity were defined by the following
GIS process. The ranges of sugar maple and red spruce were combined to create a layer that
consisted of either sugar maple or red spruce. The two soil pH layers were averaged to create a
hybrid layer of top layer (20 cm) soil pH. From this hybrid layer, only those areas that had a

surface pH of 5.00 or less were extracted. These layers were combined with the following:

= The lowest quartile of soil thickness

= The highest quartile of total nitrogen deposition (both wet from NADP and dry from
CMAQ)

= The highest quartile of total sulfur deposition (both wet from NADP and dry from
CMAQ)
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= Areas of precipitation of pH 5.00 or less.

The area can then be displayed in map form.

Only areas common to all the inputs were retained. From this intermediate layer, areas of
karst geology were removed. Karst geology typically has a high acid buffering capacity. The
resultant layer contains the area of highest potential sensitive to terrestrial acidification and can

be displayed in map form, as shown in Figure 4.3-1.
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Figure 4.3-1. Areas potentially sensitive to terrestrial acidification.

5. SENSITIVITY TO AQUATIC NUTRIENT ENRICHMENT

5.1 SELECTED INDICATOR GEOSPATIAL DATASETS

The publicly available geospatial datasets outlined in the subsections below have been

identified as important contributors to aquatic nutrient enrichment and meet the selection criteria.

5.1.1 Nitrogen in Surface Water

= Name: Total nitrogen (Kjeldahl).
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Contribution: Elevated nitrogen levels in surface water lead to increases in some aquatic
plant species, resulting in a loss of dissolved oxygen (eutrophication)

Source: EPA National Nutrient Database

Date: Published in1998

Spatial Extent: National

Spatial Resolution: For use at national, regional, or state scales

Threshold Value(s): Not yet determined

5.1.2  Wet Deposition of Nitrogen Containing Chemical Species NO; and NH,"

Name: Wet nitrogen (both reduced and oxidized) deposition.

Contribution: Greater deposition of nitrogen (especially NOj3') in precipitation leads to
increased nitrogen concentration of receiving water. Nitrogen acts as a nutrient in aquatic
systems.

Source: NADP

Date: 2002

Spatial Extent: 312 monitoring stations variably distributed across the United States
Spatial Resolution: For use on regional or national scale only

Threshold Value(s): None currently selected

5.1.3 Total Dry Deposition of Nitrogen Containing both Oxidized and Reduced

Chemical Species

Name: DDTOTN 1A field from CMAQ dataset

Contribution: Greater deposition of nitrogen (especially NOs") in precipitation leads to
increased nitrogen concentration of receiving water. Nitrogen acts as a nutrient in aquatic
systems.

Source: CMAQ model

Date: 2002

Spatial Extent: 12 km grid cells of the contiguous United States

Spatial Resolution: For use on a regional or national scale only

Threshold Value(s): None currently selected
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5.1.4 Eutrophic Estuaries

Name: Coastal Assessment Framework

Contribution: Identifies which estuaries are currently eutrophic or have the potential to
become eutrophic

Source: National Oceanic and Atmospheric Administration (NOAA)

Date: 1999

Spatial Extent: Continental United States

Spatial Resolution: For use on regional or national scale only

Threshold Value(s): Boundary defines areas of eutrophication

5.1.5 Nutrient Criteria

Name: Maximum Nutrient Concentrations by Region

Contribution: Defines the maximum amount of nutrient load (total phosphorus, total
nitrogen, chlorophyll @) for waterbodies by Level III ecoregion

Source: EPA Office of Science and Technology

Date: 2002

Spatial Extent: Continental United States

Spatial Resolution: Appropriate for use on a regional or national scale

Threshold Value(s): Variable by region. May be possible to identify areas that exceed

nutrient criteria with results from National Nutrient Database

5.1.6 Nitrogen-Limited Waters

Name: Total nitrogen to total phosphorus ratios taken at the same time and at the same
station

Contribution: Nitrogen to phosphorus ratio is a measure of how much a waterbody is
nutrient-limited. If a system is not nitrogen-limited, then it is phosphorus-limited. It is
typically accepted that in water with a nitrogen to phosphorus ratio less than 7.2 nitrogen
is the limiting factor. With higher ratios, phosphorus is the limiting nutrient.

Source: EPA National Nutrient Database

Date: Published in 1998

Spatial Extent: National

Spatial Resolution: For use at national, regional, or state scales
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5.2

Threshold Value(s): 7.2:1

INDICATOR GEOSPATIAL DATASETS CONSIDERED, BUT NOT
USED

The publicly available spatial datasets outlined in the following subsections were

considered for inclusion in the national sensitivity assessment, but were not used.

5.3

5.2.1 Presence of Nitrogen Sensitive Species

Name: Johnson’s Seagrass

Contribution: Nutrient enrichment, caused by inorganic and organic nitrogen and
phosphorus loading via urban and agricultural land run-off, can stimulate increased algal
growth and smother Johnson’s seagrass by shading rooted vegetation and diminishing the
oxygen content of the water.

Source: NOAA

Date: 2000

Spatial Extent: Ten portions of the Indian River Lagoon and Biscayne Bay, FL

Spatial Resolution: For use on a statewide basis

Threshold Value(s): Presence of species

Exclusion Reason: Not a national distribution

OVERLAY RESULTS

The extraction of the areas of greatest aquatic nutrient enrichment sensitivity is a

relatively simple process within the GIS. A simple intersection of the input layers yields a

polygon that defines this area. The area can then be displayed in map form, as shown in Figure

5.3-1. (Note: This overlay is currently in progress; therefore, the map provided in Figure

5.3-1 is a placeholder.)
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Figure 5.3-1. THIS FIGURE IS A PLACEHOLDER. Areas potentially sensitive to
aquatic nutrient enrichment.

6. SENSITIVITY TO TERRESTRIAL NUTRIENT ENRICHMENT

6.1 SELECTED INDICATOR GEOSPATIAL DATASETS

The publicly available geospatial datasets outlined in the following subsections have been
identified as important contributors to terrestrial nutrient enrichment and meet the selection

criteria.

6.1.1 Presence of Acidophytic Lichens

= Name: Acidophytic Lichens

= Contribution: Lichen species that are known to be sensitive to increased levels of
nitrogen loading will decrease in number. Other species are dependent upon lichens for
both food and habitat.

= Source: List of acidophytic species from Fenn et al. (2008), Empirical and simulated
critical loads for nitrogen deposition in California mixed conifer forests. Environmental

Pollution, May. Geospatial data obtained from USFS FIA.
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Date: 2001-2006
Spatial Extent: Continental United States
Spatial Resolution: For use at national or regional scales

Threshold Value(s): Point (plot location) defines presence of the species.

6.1.2 Wet Deposition of Nitrogen Containing Chemical Species NO3; and NH,"

Name: Wet nitrogen (both reduced and oxidized) deposition

Contribution: Greater deposition of nitrogen (especially NOj3") in precipitation leads to
increased nitrogen concentration of receiving water. Nitrogen acts as a nutrient in
terrestrial systems.

Source: NADP

Date: 2006

Spatial Extent: 312 stations variably distributed across the United States

Spatial Resolution: For use on regional or national scale only

Threshold Value(s): None currently selected

6.1.2 Total Dry Deposition of Nitrogen Containing both Oxidized and Reduced

Chemical Species

Name: DDTOTN 1A field from CMAQ dataset

Contribution: Greater deposition of nitrogen (especially NOs") in precipitation leads to
increased nitrogen concentration of receiving water. Nitrogen acts as a nutrient in
terrestrial systems.

Source: CMAQ model

Date: 2002

Spatial Extent: 12 km grids of the contiguous United States

Spatial Resolution: For use on regional or national scale only

Threshold Value(s): None currently selected

6.1.3 Anthropogenic Land Cover

Name: Urban and Agricultural Land Covers
Contribution: Used to exclude areas that are not sensitive to terrestrial nutrient

enrichment, such as agricultural areas and urbanized areas
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6.2

Source: USGS National Atlas

Date: 2006

Spatial Extent: Continental United States
Spatial Resolution: 1 km meter grid cells

Threshold Value(s): Select out urban and agricultural land covers.

INDICATOR GEOSPATIAL DATASETS CONSIDERED, BUT NOT
USED

The publicly available spatial datasets outlined in the following subsections were

considered for inclusion in the national sensitivity assessment, but were not used.

6.2.1 Soil Nitrogen Content

Name: Soil nitrogen concentration

Contribution: Areas with a high nitrogen concentration may be at risk for nitrogen
saturation.

Source: Oak Ridge National Laboratory (not yet received)

Date: Pre-1980

Spatial Extent: Continental United States

Spatial Resolution: Not yet known

Threshold Value(s): Not yet determined

Exclusion Reason: Data not received; quality uncertain

6.2.2 Presence of Nitrogen Sensitive Species Identified in Literature

Name: To be created

Contribution: Since there is not a single nationwide species that displays range loss
because of additional nitrogen, it may be possible to assemble a “patchwork quilt” of
study sites across the United States.

Source: Literature

Date: Recent

Spatial Extent: Continental United States

Spatial Resolution: Site-specific, but it may be possible to define a range

Threshold Value(s): Presence of species
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6.3

Exclusion Reason: Source of nitrogen-sensitive species distribution not found

6.2.3 Presence of Mountains

Name: Physiographic Provinces of the United States

Contribution: Leeward sides of mountains tend to receive a greater amount of nitrogen
deposition

Source: USGS

Date: 1946

Spatial Extent: Continental United States

Spatial Resolution: Published scale of 1:7,000,000; for use on regional or national scale
only

Threshold Value(s): Select mountain ranges only

Exclusion Reason: Terrain is already taken into account by the CMAQ modeling

OVERLAY RESULTS

The extraction of the areas of greatest nutrient enrichment sensitivity involved the

following steps within the GIS. The total nitrogen deposition grid (a sum of dry deposition from

CMAQ and wet deposition from NADP) was reclassified into four quartiles. The quartile of

highest total nitrogen deposition was then extracted. From this, areas of human use (urban and

agricultural land covers) were removed. To this, a layer of acidophytic lichen distribution was

added. The area of highest potential sensitivity can be displayed in map form, as shown in

Figure 6.3-1.
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