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PREFACE

L egidlative Requirements

Two sections of the Clean Air Act (CAA) govern the establishment and revision of the
national ambient air quality standards (NAAQS). Section 108 (U.S. Code, 2003a) directs the
Administrator to identify and list “air pollutants™ that “in his judgment, may reasonably be
anticipated to endanger public health and welfare” and whose “presence in the ambient air results
from numerous or diverse mobile or stationary sources” and to issue air quality criteria for those
that are listed. Air quality criteria are intended to “accurately reflect the latest scientific
knowledge useful in indicating the kind and extent of identifiable effects on public health or
welfare which may be expected from the presence of [a] pollutant in ambient air.”

Section 109 (U.S. Code, 2003b) directs the Administrator to propose and promulgate
“primary” and “secondary” NAAQS for pollutants listed under Section 108. Section 109(b)(1)
defines a primary standard as one “the attainment and maintenance of which in the judgment of
the Administrator, based on such criteria and allowing an adequate margin of safety, are requisite
to protect the public health.”' A secondary standard, as defined in Section 109(b)(2), must
“specify a level of air quality the attainment and maintenance of which, in the judgment of the
Administrator, based on such criteria, is required to protect the public welfare from any known
or anticipated adverse effects associated with the presence of [the] pollutant in the ambient air.””

The requirement that primary standards include an adequate margin of safety was

intended to address uncertainties associated with inconclusive scientific and technical

' The legislative history of Section 109 indicates that a primary standard is to be set at “the maximum permissible
ambient air level ... which will protect the health of any [sensitive] group of the population” and that, for this
purpose, “reference should be made to a representative sample of persons comprising the sensitive group rather
than to a single person in such a group” [U.S. Senate (1970)].

? Welfare effects as defined in Section 302(h) [U.S. Code, 2005)] include, but are not limited to, “effects on soils,
water, crops, vegetation, man-made materials, animals, wildlife, weather, visibility and climate, damage to and
deterioration of property, and hazards to transportation, as well as effects on economic values and on personal
comfort and well-being.”
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information available at the time of standard setting. It was also intended to provide a reasonable
degree of protection against hazards that research has not yet identified. See Lead Industries
Association v. EPA, 647 F.2d 1130, 1154 (D.C. Cir 1980), cert. denied, 449 U.S. 1042 (1980);
American Petroleum Institute v. Costle, 665 F.2d 1176, 1186 (D.C. Cir. 1981), cert. denied, 455
U.S. 1034 (1982). Both kinds of uncertainties are components of the risk associated with
pollution at levels below those at which human health effects can be said to occur with
reasonable scientific certainty. Thus, in selecting primary standards that include an adequate
margin of safety, the Administrator is seeking not only to prevent pollution levels that have been
demonstrated to be harmful but also to prevent lower pollutant levels that may pose an
unacceptable risk of harm, even if the risk is not precisely identified as to nature or degree.

In selecting a margin of safety, the U.S. Environmental Protection Agency (EPA)
considers such factors as the nature and severity of the health effects involved, the size of
sensitive population(s) at risk, and the kind and degree of the uncertainties that must be
addressed. The selection of any particular approach to providing an adequate margin of safety is
a policy choice left specifically to the Administrator’s judgment. See Lead Industries
Association v. EPA, supra, 647 F.2d at 1161-62.

In setting standards that are “requisite” to protect public health and welfare, as provided
in Section 109(b), EPA’s task is to establish standards that are neither more nor less stringent
than necessary for these purposes. In so doing, EPA may not consider the costs of implementing
the standards. See generally Whitman v. American Trucking Associations, 531 U.S. 457, 465-
472 and 475-76 (2001).

Section 109(d)(1) requires that “not later than December 31, 1980, and at 5-year intervals
thereafter, the Administrator shall complete a thorough review of the criteria published under
Section 108 and the national ambient air quality standards and shall make such revisions in such
criteria and standards and promulgate such new standards as may be appropriate ....” Section
109(d)(2) requires that an independent scientific review committee “shall complete a review of
the criteria ... and the national primary and secondary ambient air quality standards ... and shall
recommend to the Administrator any new standards and revisions of existing criteria and
standards as may be appropriate ....” Since the early 1980s, this independent review function
has been performed by the Clean Air Scientific Advisory Committee (CASAC) of EPA’s
Science Advisory Board.
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ppt
PRB

|Y SO4
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2
RADM
RANS
RNO,
RO,
RONO,
RO,NO,
S

SAV
SCAQS
SCIAMACHY

Se
SLAMS
Si

SO

SO,
SO;
SO,
SO
S,0
SOx
SPARROW
STE
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particulate matter with aerodynamic diameter between 10 and 2.5 um
particulate matter with aerodynamic diameter of <2.5 pm
Photosynthesis and EvapoTranspiration-BioGeoChemical (model)
particulate ammonium

particulate nitrate

production of O3

persistent organic pollutants

parts per billion

parts per million

peroxypropionyl nitrate

parts per trillion

policy relevant background

particulate sulfate

generic organic group attached to a molecule

correlation coefficient

Regional Acid Deposition Model

Reynolds Averaged Numerical Simulation

nitro compounds

organic peroxyl

organic nitrate

peroxy nitrate

sulfur

submerged aquatic vegetation

Southern California Air Quality Study

Scanning Imaging Absorption Spectrometer for Atmospheric
Chartography

selenium

State and Local Air Monitoring Stations

silicon

sulfur monoxide

sulfur dioxide

sulfur trioxide

sulfate

sulfate ion

disulfur monoxide

sulfur oxides

SPAtially Referenced Regressions on Watershed Attributes (model)
stratospheric-tropospheric exchange

XXViil DRAFT-DO NOT QUOTE OR CITE



STN
SUMO06

TAF
TAMM
TC

Tg
TIME
UNECE
USDA
USGS
uv

Va
VOC
WATERS-N

WFPS
WMO
WSA
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Speciation Trends Network

seasonal sum of all hourly average concentrations > 0.06 ppm
tau; atmospheric lifetime

time; duration of exposure

Tracking and Analysis Framework (model)

Timber Assessment Market Model

total carbon

teragram

Temporally Integrated Monitoring of Ecosystems

United Nations Economic Commission for Europe

U.S. Department of Agriculture

U.S. Geological Survey

ultraviolet radiation

deposition rate

volatile organic compound

Watershed Assessment Tool for Evaluating Reduction Scenarios for
Nitrogen

water-filled pore space

World Meteorological Organization

Wadeable Stream Assessment (survey)
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GLOSSARY

Acidification

The process of increasing the acidity of a system (e.g. lake, stream, and forest soil).
Atmospheric deposition of acidic or acidifying compounds can acidify lakes, streams, and forest
soils.

Algae
Photosynthetic, often microscopic and planktonic, organisms occurring in marine and freshwater
ecosystems.

Algal bloom
A reproductive explosion of algae in a lake, river, or ocean.

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.

ANC (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.

Anthropogenic
Resulting from or produced by human beings.

Arid region
A land region of low rainfall, where ‘low’ is widely accepted to be <250 mm precipitation per
year.

Atmosphere
The gaseous envelope surrounding the Earth. The dry atmosphere consists almost entirely of
nitrogen and oxygen, together with trace gases including carbon dioxide and ozone.

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 acid. There is a threshold, whereby soils with base saturations under
20% (especially between 10-20%) are extremely sensitive to change.

Bioaccumulation
The phenomenon wherein toxic elements are progressively amassed in greater qualities as
individuals farther up the food chain ingest matter containing those elements.

Biodiversity

The total diversity of all organisms and ecosystems at various spatial scales (from genes to entire
biomes).
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Buffering capacity
The ability of a body of water and its watershed to neutralize introduced acid.

Carbon sequestration
The process of increasing the carbon content of a reservoir/pool other than the atmosphere.

Catchment
An area that collects and drains rainwater.

Climate

Climate in a narrow sense is usually defined as the ‘average weather’, or more rigorously, as the
statistical description in terms of the mean and variability of relevant quantities over a period of
time ranging from months to thousands or millions of years. These quantities are most often
surface variables such as temperature, precipitation, and wind. Climate in a wider sense is the
state, including a statistical description, of the climate system. The classical period of time is 30
years, as defined by the World Meteorological Organization (WMO).

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 or snow) or occult deposition.

Ecological community
A community of plants and animals characterized by a typical assemblage of species and their
abundances.

Ecosystem services

Ecological processes or functions having monetary or non-monetary value to individuals or
society at large. There are (i) supporting services such as productivity or biodiversity
maintenance; (ii) provisioning services such as food, fibre, or fish; (iii) regulating services such
as climate regulation or carbon sequestration; and (iv) cultural services such as tourism or
spiritual and aesthetic appreciation.

Ecosystem

The interactive system formed from all living organisms and their abiotic (physical and
chemical) environment within a given area. Ecosystems cover a hierarchy of spatial scales and
can comprise the entire globe, biomes at the continental scale, or small, well-circumscribed
systems such as a small pond.
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Eutrophication
The process whereby a body of water becomes over-enriched in nutrients, resulting in increased
productivity (of algae or aquatic plants) and sometimes also decreased dissolved oxygen levels.

Eutrophy

Eutrophy generally refers to a state of nutrient enrichment, but it is commonly used to refer to
condition of increased algal biomass and productivity, presence of nuisance algal populations,
and a decrease in dissolved oxygen concentrations.

Evapotranspiration
The combined process of water evaporation from the Earth’s surface and transpiration from
vegetation.

Fen

The fen is a phase in the development of the natural succession from open lake, through reedbed,
fen and carr, to woodland as the peat develops and its surface rises. Carr is the northern
European equivalent of the swamp of the southeastern United States. It is fen overgrown with
generally small trees of species.

Freshet

A great rise or overflowing of a stream caused by heavy rains or melted snow.

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
vapour (H,0), carbon dioxide (CO,), nitrous oxide (N,O), methane (CHy), and ozone (O;) are
the primary greenhouse gases in the Earth’s atmosphere. As well as CO,, N,O, and CHy, the
Kyoto Protocol deals with the greenhouse gases sulphur hexafluoride (SFs), hydrofluorocarbons
(HFCs), and perfluorocarbons (PFCs).

Gross primary production
The total carbon fixed by plant through photosynthesis.

Heathland
A wide-open landscape dominated by low-growing woody vegetations such as heathers and
heathland grasses. Heathlands generally occur on acidic, nutrient-poor, and often sandy and

well-draining soils.

Hypoxic events
Events that lead to a deficiency of oxygen.

I ntegrated science assessment
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An interdisciplinary process of combining, interpreting, and communicating knowledge from
diverse scientific disciplines so that all relevant aspects of a complex societal issue can be
evaluated and considered for the benefit of decision-making.

I nvasive species and invasive alien species

A species aggressively expanding its range and population density into a region in which it is not
native, often through outcompeting or otherwise dominating native species.

L eaching
The removal of soil elements or applied chemicals by water movement through the soil.

L owland

In physical geography, lowland is any relatively flat area in the lower levels of regional
elevation. The term can be applied to the landward portion of the upward slope from oceanic
depths to continental highlands, to a region of depression in the interior of a mountainous region,
to a plain of denudation, or to any region in contrast to a highland.

Net ecosystem production (NEP)
The difference between net primary production (NPP) and heterotrophic respiration (mostly
decomposition of dead organic matter) of that ecosystem over the same area.

Net primary production (NPP)
The gross primary production minus autotrophic respiration, i.e., the sum of metabolic processes
for plant growth and maintenance, over the same area.

Nitrification

A biological process by which ammonia is oxidized to nitrite and then to nitrate. This process is
primarily accomplished by autotrophic nitrifying bacteria that obtain energy by reducing
ammonium and/or nitrite to nitrate.

Nitrogen mineralization
Nitrogen mineralization is the process by which organic nitrogen is converted into plant-
available inorganic forms (e.g. NH; or NH,") by microorganisms.

Nitrogen-retention capacity

The length of time that an ecosystem can retain nitrogen by organisms (e.g., plant or microbe)
and soil-organic matter. The nitrogen-retention capacity is highly affected by soil, vegetative,
topographic, and land-use factors.

Nitrogen saturation
The condition when nitrogen inputs from atmospheric deposition and other sources exceed the

biological requirements of the ecosystem.

Occult deposition
The removal of gases and particles from the atmosphere to surfaces by fog or mist.

Ombr otrophic bog
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An acidic peat-accumulating wetland that is rainwater (instead of groundwater) fed and thus
particularly poor in nutrients.

pH

A measure of the relative concentration of hydrogen ions in a solution. The formula for
calculating pH is: pH = -log;o[H'], where [H'] represents the hydrogen ion concentration in
moles per liter. The pH scale ranges from 0 to 14. A pH of 7 is neutral. A pH less than 7 is
acidic and a pH greater than 7 is basic.

Phytoplankton

The plant forms of plankton. Phytoplankton are the dominant plants in the sea and are the basis
of the entire marine food web. These single-celled organisms are the principal agents of
photosynthetic carbon fixation in the ocean.

Primary Production

All forms of production accomplished by plants, also called primary producers. See GPP, NPP,
and NEP.

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, n-nutrient enrichment, etc.). The effect may be direct
(e.g., a change in growth in response to a change in the mean, range, or variability of N
deposition) or indirect (e.g., changes in growth due to the direct effect of N consequently altering
competitive dynamics between species and decreased biodiversity)

Streamflow
Water flow within a river channel, for example, expressed in m*/s. A synonym for river
discharge.

Surface runoff
The water that travels over the land surface to the nearest surface stream; runoff of a drainage

basin that has not passed beneath the surface since precipitation.

Throughfall
The precipitation falling through the canopy of a forest and reaching the forest floor.

Trophic level
The position that an organism occupies in a food chain.

Tundra
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A treeless, level, or gently undulating plain characteristic of the Arctic and sub-Arctic regions
characterized by low temperatures and short growing seasons

Upland terrestrial ecosystem
Generally considered to be the ecosystems located at higher elevations directly above riparian
zones and wetlands. Vegetation in an upland ecosystem is not in contact with groundwater or
other permanent water sources.

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.

Vulner ability
The degree to which a system is susceptible to, and unable to cope with, adverse effects of NOy
and/or SOy air pollution. Vulnerability is a function the exposed and its sensitivity.

Welfar e effects

Effects on soils, water, crops, vegetation, man-made materials, animals, wildlife, weather,
visibility and climate, damage to and deterioration of property, and hazards to transportation, as
well as effects on economic values and on personal comfort and well-being, whether caused by
transformation, conversion, or combination with other air pollutants (CAA 302(h)).

Wet deposition
The removal of gases and particles from the atmosphere to surfaces by rain or other precipitation.

Wetland

A transitional, regularly waterlogged area of poorly drained soils, often between an aquatic and a
terrestrial ecosystem, fed from rain, surface water, or groundwater. Wetlands are characterized
by a prevalence of vegetation adapted for life in saturated soil conditions.

Zooplankton
The animal forms of plankton. They consume phytoplankton or other zooplankton.
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1. INTRODUCTION

This draft Integrated Science Assessment (ISA) presents a concise synthesis and
evaluation of the most policy-relevant science. It forms the scientific foundation for the review
of the secondary (welfare-based) National Ambient Air Quality Standards (NAAQS) for Oxides
of Nitrogen (NOx) and Sulfur Oxides (SOx). All language in the Clean Air Act (CAA) referring
to effects on welfare includes, but is not limited to, effects on soils, water, wildlife, vegetation,
visibility, weather, and climate, as well as effects on man-made materials, economic values, and
personal comfort/well-being. The scope of the joint NOy and SOx I1SA islimited to welfare
topics that do not duplicate those addressed by the forthcoming particul ate matter (PM) science
assessment. The welfare effects of visibility impairment and climate interactions associated with
particulate NOx and SOx will be addressed within the secondary PM NAAQS review, as these
processes occur viaNOx and SOy residing in the particulate or aerosol phase and interact with
other chemical components of PM. The effects of acidification and nitrogen-nutrient deposition
on ecosystems are the main focus of this assessment; however, other welfare effects are
discussed including SOy interactions with mercury methylation, gas-phase effects on foliage, and
N0 as a greenhouse gas (GHG).

Thisdraft ISA isintended to “accurately reflect the latest scientific knowledge expected
from the presence of [a] pollutant in ambient air” (Clean Air Act, Section 108 (42U.S.C.7408)).
Scientific research isincorporated from atmospheric sciences, exposure and deposition,
biogeochemistry, hydrology, soil science, marine science, plant physiology, animal physiology,
and ecology research on multiple scales (e.g., population, community, ecosystem, landscape
levels). This document contains the key information and judgments formerly found in the Air
Quality Criteria Documents (AQCDs) for NOx and SOx. Also, a series of supplemental
Annexes to the draft ISA provide amore detailed discussion of the most pertinent scientific
literature. The draft ISA and the Annexes thus serve to update and revise the last NOx and SOx
AQCDs which were published in 1993 and 1982, respectively.

Asdiscussed in the Draft Integrated Plan for the Review of the Secondary NAAQS for
Nitrogen Dioxide (NO,) and Sulfur Dioxide (SO,) (U.S. Environmental Protection Agency,
2007a), a series of policy-relevant questions frames this review of the scientific evidence to

provide a scientific basis for a decision on whether the current secondary NAAQS for NO,
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(0.053 parts per million [ppm], annual average) and the current secondary NAAQS for SO,
(0.5 ppm, 3-h average) should be retained or revised. The scope of this draft |SA isto evaluate
newly available scientific evidence to best inform consideration of these framing questions,
including the following:

. What are the known or anticipated welfare effects influenced by ambient NOy and
SOx, and for which effects is there sufficient information available to be useful asa
basis for considering distinct secondary standard(s)?

. What is the nature and magnitude of ecosystem responsesto NOx 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 the current standards provide the requisite protection for the public
welfare effects associated with NOx and SOx?

. Which biotic species are most vulnerable to the adverse effects of NOx and SOx air
pollution? How is adversity defined?

. What ecosystems are most sensitive to NOy and SOx pollution?

How does NOx and SOx pollution impact ecosystem services?

. What are the most appropriate spatial and temporal scales to evaluate impacts on
ecosystems?

. Wheat is the relationship between ecological vulnerability to NOx and SOx pollution
and variations in current meteorology or gradientsin climate?

11 BRIEF LEGISLATIVE BACKGROUND FOR NOx AND SOx: THE
RATIONALE FOR A COMBINED REVIEW

1.1.2 Brief Legidative Background of NOy

In 1971, the first AQCD for NOx was issued by the National Air Pollution Control
Association (NAPCA), one of the Environmental Protection Agency’s (EPA’Ss) predecessor
agencies (U.S. Environmental Protection Agency, 1971). After reviewing the relevant science
on the public health and welfare effects associated with oxides of nitrogen, EPA promulgated
identical primary and secondary NAAQS for NO, on April 30, 1971. Under section 109 of the
CAA, these standards were set at 0.053 ppm as an annual average (36 FR 8186).

In 1982, EPA published the NOx AQCD (U.S. Environmental Protection Agency,
1982a), which updated the scientific criteria upon which the initial standards were based. On
February 23, 1984, EPA proposed to retain these standards (49 FR 6866). After taking into
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account public comments, EPA published the final decision to retain these standards on June 19,
1985 (50 FR 25532).

In November 1991, EPA released an updated draft AQCD for Clean Air Scientific
Advisory Committee (CASAC) and public review and comment (56 FR 59285). CASAC
reviewed the 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,” (Wolff, 1993). The EPA also prepared a
draft Staff Paper that summarized and integrated the key studies and scientific evidence
contained in the revised AQCD and identified the critical elementsto be considered in the review
of the NO, NAAQS. In September 1995, EPA finalized the Staff Paper, “ Review of the National
Ambient Air Quality Standards for Nitrogen Dioxide: Assessment of Scientific and Technical
Information,” (U.S. Environmental Protection Agency, 1995a). The Administrator made afinal
determination that revisions to neither the primary nor the secondary NAAQS for NO, were
appropriate at that time (61 FR 52852, October 8, 1996). The level for both the existing primary
and secondary NAAQS for NO, remains 0.053 ppm (equivalent to 100 micrograms per cubic
meter of air [ug/m?]) in annual arithmetic average, calculated as the arithmetic mean of the 1-h

NO, concentrations.

1.1.3 Brief Legidative Background of SOy

Based on the 1970 SOx AQCD (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-h
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. 1n 1973, revisions made to
Chapter 5 “Effects of Sulfur Oxide in the Atmosphere on Vegetation” of the SOx AQCD (U.S.
Environmental Protection Agency, 1973), indicated that it could not properly be concluded that
the reported vegetation injury resulted from the average SO, exposure over the growing season,
rather than from short-term peak concentrations. EPA, therefore, proposed (38 FR 11355) and
then finalized arevocation of the annual mean secondary standard (38 FR 25678).
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In 1979, EPA announced that it was revising the SOx AQCD concurrently with that for
PM and would produce a combined PM-SOx AQCD. Following itsreview of adraft revised
criteriadocument in August 1980, CA