Summary Minutes of the U.S. EPA Clean Air Scientific Advisory Committee (CASAC)
NOy and SOy Secondary NAAQS Review Panel
Public Meeting on April 2-3, 2008

Panel Members:

Date and Time:

Location:

Purpose:

Attendees:

See Panel Roster provided in Attachment A.

April 2 -3, 2008

Marriott at Research Triangle Park
4700 Guardian Drive, Durham, NC

To conduct a peer review of EPA’s Integrated Science Assessment for NOy
and SO, — Environmental Criteria (First External Review Draft) and a
consultation on the EPA’s Draft Scope and Methods Plan for Risk/Exposure
Assessment: Secondary NAAQS Review for NO, and SO (March 2008). Both
of these documents may be found at
http://www.epa.gov/ttn/naags/standards/no2so2sec/index.html .

Chair:

CASAC Members:

Panel Members:

EPA SAB Staff:

Dr. Armistead (Ted) Russell

Dr. Ellis B. Cowling
Dr. Douglas Crawford-Brown (by phone)
Dr. Donna Kenski

Dr. Praveen Amar

Dr. Andrzej Bytnerowicz
Ms. Lauraine Chestnut

Dr. Paul J. Hanson

Dr. Rudolf Husar

Dr. Dale Johnson (by phone)
Dr. Naresh Kumar

Dr. Myron Mitchell

Mr. Richard L. Poirot

Mr. David J. Shaw (by phone)
Dr. Kathleen Weathers

Ms. Kyndall Barry, Designated Federal Officer
Dr. Anthony Maciorowski, Deputy Director



Other EPA Staff: Jeffrey Arnold, EPA
Allen C. Basala, EPA
Tim Benner, EPA
Ila Cote, EPA
Jean-Jacques Dubois, EPA
Tara Greaver, EPA
Dave Guinnup, EPA
Jeffrey Herrick, EPA
Bryan Hubbell, EPA
Lingli Liu, EPA
Tom Long, EPA
Ellen Lorang, EPA
Jason Lynch, EPA
Karen Martin, EPA
Sarah Mazur, EPA
Kristopher Novak, EPA
Anne Rea, EPA
Mary Ross, EPA
Vicki Sandiford, EPA
Ginger Tennant, EPA
Paul Wagner, EPA
Randy Waite, EPA
Debra Walsh, EPA
Nealson Watkins, EPA
Lydia Wegman, EPA

Other Participants: Jamie Cajka, RTI
Bill Cooter, RTI
Jack Cosby, University of Virginia
Marion Deerhake, RTI
Jon M. Heuss, Alliance of Automobile Manufacturers (by phone)
John Jansen, Southern Company
Cindy Langworthy, Hunton & Williams
Ona Papageorgiou, NYSDEC
Liz Schoeneck, ICFI
Anthony R. White, American Heart Association (AHA)
Kate Winston, Inside EPA

Attachments: (A) NOy & SOy Secondary Review Panel roster; (B) agenda; (C) Federal Register
notice announcing the meeting; (D) “Background and History” presentation by OAR and ORD;
(E) “Highlights of the Draft ISA” presentation by ORD; (F) “Highlights of the Draft SM”
presentation by OAR; (G) preliminary ISA comments by the Panel; (H) preliminary SM
comments by the Panel; and (1) public comments.



Meeting Summary

The discussion followed the issues and general timing as presented in the meeting agenda
(Attachment B).

Wednesday, April 2, 2008

Ms. Kyndall Barry convened the meeting and explained that the CASAC NOy & SOy Secondary
Review Panel will operate under the Federal Advisory Committee Act (FACA). She also
announced that there would be a conference call on May 5, 2008, for the CASAC to review and,
possibly, approve the Panel’s letter to the EPA Administrator concerning the draft ISA. Dr.
Anthony Maciorowski thanked the Panel for their hard work. He also thanked staff members
from EPA and members of the public for attending the meeting.

Dr. Armistead (Ted) Russell, thanked the EPA staff for preparing the draft ISA and the draft
Scope and Methods Plan. The Panel was introduced, and Dr. Russell then reviewed the agenda.
He noted that the Panel would draft the ISA letter by the end of the day, and would vote on the
main points of draft letter the following day.

Dr. lla Cote of EPA’s Office of Research and Development (ORD) welcomed everyone and
introduced Dr. Karen Martin from EPA’s Office of Air and Radiation (OAR). Dr. Martin
presented Background and History of the Review of the Secondary NO, and SO, NAAQS
(Attachment D). During the presentation, she emphasized the court-ordered deadlines,
summarized the history of the previous reviews of the welfare effects of NO, and SO,, and
described the Agency’s approach to standard-setting for the NAAQS criteria pollutants. Dr.
Martin also noted the Agency has decided to separate the visibility effects of NOx and SO (from
the current review) for inclusion in the PM NAAQS review.

Drs. Mary Ross, Jeffrey Arnold, Tara Greaver, and Paul F. Wagner, EPA ORD, presented
Integrated Science Assessment for NO, and SO, — Environmental Criteria (Attachment E). The
presentation highlighted the elements contained in the ISA and included the Agency’s charge
questions to the Panel. Major points from the Agency’s presentation: the inclusion of reduced
forms of nitrogen (NHy) in the review; sources of NOy, NHy, and SO, emissions; average annual
deposition of inorganic N and total S; chronic and episodic acidification; regional variability and
appropriate case studies; various indicators of terrestrial and freshwater nitrogen enrichment; and
categorization of methylmercury (MeHg) and greenhouse gases as other welfare effects. The
Panel commended the Agency on the inclusion of NHy in the current review. Panelists engaged
the ORD presenters on the definition of adverse effects in the ISA and the need for better
characterization of deposition, acidification, and enrichment.

During the public comment period, Mr. Jon M. Heuss provided comments on behalf of the
Alliance of Automobile Manufacturers (Attachment I). Mr. Heuss noted that his comments
focused on the science that will influence the NOy secondary standard. He cited data that
indicated there has been a decrease in the past decade in the vehicular contribution to NOx and
SOy levels due to improvements in control technologies. Mr. Heuss closed with the point that



discussions of further decreases in emissions should be considered in the context of reductions
already achieved.

Following the public comment period, the discussion moved to Agency charge questions 1 — 3
(Attachment B1). Panelists presented their various comments captured in preliminary I1SA
comments (Attachment G). The Panel stressed the following ways to improve the ISA:
contracting a third-party editor to improve the transitions in the document; more detail on NHy
emissions and inclusion of total reactive nitrogen, N;; relocating the information on the
monitoring networks from the Annexes to Chapter 2; addressing existing data gaps which may
require EPA to include other monitoring networks with publicly available data; adding a
qualitative discussion of the models (CMAQ, GEOS, CASTNET, etc) being used; establishment
of the links from emissions to concentration to deposition; adding greater coverage of European
studies; and including diagrams of NOxand NHy emissions.

After a short break, the Panel addressed charge questions 4 — 6. Panelists again urged ORD to
focus on the links between emissions, deposition, loads, and effects to improve the organization
and context of the document. Major discussion points included: the use of indirect and direct
effects to balance evidence; inclusion of nitrogen’s role in increasing carbon sequestration as a
beneficial ecological effect; the need to amplify discussions of nutrient depletion and subsequent
recovery of ecosystems; and the relationship between incidents of windthrow and forest fires and
increased nitrogen emissions. Dialogue on the appropriate indicators of acidification focused on
the sugar maple, red spruce, dogwood species; although grasslands and aspen were also
mentioned. The Panel also discussed the use of terrestrial and aquatic mobile anions to unify the
sulfur and nitrogen components of Chapter 4.

Following the lunch break, the Panel addressed the remainder of the charge questions starting
with charge questions 7 — 9. Dr. Ellis Cowling, the CASAC representative on SAB Integrated
Nitrogen Committee (INC), presented the INC’s 31 October 2007 resolution (see Dr. Cowling’s
comments in Attachment G). While the effects of NOy on nitrogen enrichment were well
characterized, the Panel urged the Agency to move to an integrated approach and better
characterize the contribution of oxidized and reduced forms of nitrogen. Desert ecosystems,
herbaceous plants and shrubs, and microbials were identified for inclusion in the case studies.
Other recommendations included: figures with deposition plotted against the response variable
of choice; a qualitiative discussion of the dose-response relationship where data was not
available; the need to address other factors contributing to nitrogen loss (e.g. forest composition);
and the need to move from use of “beneficial” and “negative” when describing effects. Due to
the overlap in the work of the INC’s and the NO, and SO4 Secondary Panel, Dr. Maciorowski
provided the following caveat on the sharing of information between advisory panels: because
the INC’s report is still a work-in-progress, it cannot be considered advice until it is finalized and
vetted by the Science Advisory Board in compliance with FACA regulations.

In response to charge question 10, the Panel pointed out the following omissions from the ISA
chapter on “other welfare effects”: a statement of the effects included and omitted from the
review and/or primary outcomes of the document; a reference to the PM review for discussion of
the effects of NOy and SO on visibility; the interaction of nitrogen on carbon sequestration; and
the direct effect of nitric acid on vegetation and dry deposition. Panelists engaged the EPA on



the handling of MeHg and greenhouse gasses: recommending that the linkages between mercury
and sulfur and N,O, a green house gas, should be included in the document, but de-emphasized.
Additionally, the suggestion to de-emphasize PAN (page 4-176) was made because it is not a
significant contributor to nitrogen deposition: though toxic, it is episodic and primarily confined
to urban areas.

Discussions continued on to the final charge questions, 11 and 12. The Panel unanimously
agreed that Chapter 5 was well-written and concise, and proposed that it be brought forward as
an executive summary of the ISA. Additional recommendations included: the expansion of the
summary tables in the executive summary and conclusion; strengthening the qualitative
conclusions with numerical data; and adding economic analyses to the case studies. To improve
the transition from the technical information presented in the ISA to the forthcoming risk and
exposure assessments, the Panel suggested the solidifying the economic valuation of the effects
and/or economic services impacted. The summary tables start to link effects and indicators, and
the incorporation of the economic analysis into the case studies (e.g., Adirondacks and
Chesapeake Bay) should proceed next.

At the end of the day, Dr. Russell reiterated the letter will address each individual question,
tasked the Panel members to compose response to their respective charge questions, and
summarized the major review comments discussed by the CASAC Panel. Ms. Barry adjourned
the meeting for the day.

Thursday, April 3, 2008

Ms. Barry reconvened the meeting of the CASAC NOy and SOy Secondary NAAQS Review
Panel. During the public comment period, Ms. Ona Papageorgiou, representative of NY State
Department of Environmental Conservation (NYSDEC), suggested that EPA take a different
approach in the Scope & Methods document. She noted that EPA uses statements like
“depending on available data” and “if feasible”, and asked EPA to specifically identify where the
monitors would need to be physically located to fill these data gaps. She also noted that
references to the existing data needed to be included and particulate emissions should be
included in the comprehensive discussion of welfare effects of NOy and SOx.

Following the public comment period, the Panel discussed the draft responses to the ISA charge
questions. Each paragraph was projected onto the screen and discussed by the Panel. By the end
of the session, the draft letter to the EPA Administrator was outlined and consensus reached on
the major points as required by FACA. Ms. Barry then laid out the next steps in the letter-
approval process: revisions to the working draft due on April 18", the draft letter will be posted
on the SAB Staff Office Web site by April 25", and the final review and approval by the
statutory CASAC will take place via teleconference on May 5". Dr. Russell asked EPA if they
had any final questions for the Panel. Dr. Ross thanked everyone for their comments and
suggestions.

After the morning break; Drs. Dave Guinnup, Anne Rea, Bryan Hubbell, Mr. Randy Waite, and
Ms. Lydia Wegman, of EPA’s Office of Air and Radiation (OAR) presented Overview of the
Scope and Methods Plan Supporting the Review of the Secondary NO, /SO, NAAQS (Attachment



F). The presentation summarized the Agency’s seven-step approach for the risk and exposure
assessments (REA) to go from exposure to ecological effect (e.g., ecosystem effects, relevant
biological exposure indicators, and ecosystem responses, services and valuation). EPA identified
the welfare effects central to the REA: aquatic acidification, terrestrial acidification, aquatic
nutrient enrichment, and terrestrial nutrient enrichment, with qualitative discussions of MeHg
and N,O.

Discussions between the Panel and OAR turned to selection of atmospheric indicators for the
welfare standards and the need for linkages to the science. Effects based on total loadings must
be translated to deposition and, finally, to ambient air concentrations for rulemaking. The Panel
engaged EPA on the feasibility of considering alternative indicators, including N, as well as
oxidized and reduced forms of nitrogen. EPA noted that new indicators could be considered, but
the criteria pollutant for regulatory purposes would remain listed as NOx.

The Panel then moved to address the Agency charge questions 1 — 7 (Attachment B2). While the
Panel commended the Agency on the scope and structure of the REA, they offered the following
suggestions: strengthening the use of indicators and indices to more clearly define the
relationship; a preference to use actual monitoring data augmented with model results; use of
“decrease” instead of “reduce” because “reduce” is ambiguous and refers to a chemical reaction;
use of existing regional models to assist the Agency’s prioritization of case studies; and public
availability of any data utilized for the REA.

Following the lunch break, the Panel responded to the remainder of the charge questions.
Panelists urged the Agency to consider model predictions of critical load, which has proved
successful for Canada and European nations. It was also noted that the US Forest Service is
developing a national-scale, critical load model, although it is currently only conceptual. Other
areas of concern raised included: the challenge to resolve the divergent scales of models and
data; a proposed approach to define effects in terms of economic valuation; and the need to
include the role of Nr in carbon sequestration.

At the close of the meeting, the Panel was reminded of the April 18" deadline for revisions to the
draft ISA letter and the follow-on CASAC teleconference to approve the draft letter on May 5,
2008. After noting that the final comments on the Scope and Methods document were due by
April 25, 2008, Ms. Barry adjourned the meeting.

Respectfully Submitted: Certified as True:

/Signed/ /Signed/
Ms. Kyndall Barry Dr. Ted Russell, Chair
Designated Federal Officer CASAC NOy & SOy Secondary

NAAQS Review Panel



NOTE AND DISCLAIMER: The minutes of this public meeting reflect diverse ideas and
suggestions offered by committee members during the course of deliberations within the
meeting. Such ideas, suggestions, and deliberations do not necessarily reflect definitive
consensus advice from the panel members. The reader is cautioned to not rely on the minutes to
represent final, approved, consensus advice and recommendations offered to the Agency. Such
advice and recommendations may be found in the final advisories, commentaries, letters, or
reports prepared and transmitted to the EPA Administrator following the public meetings.



Attachment A: Roster of CASAC NOy & SOy Secondary NAAQS Review Panel

U.S. Environmental Protection Agency
Clean Air Scientific Advisory Committee
NO, & SO, Secondary NAAQS Review Panel

CASAC MEMBERS

Dr. Armistead (Ted) Russell (Chair), Professor, Department of Civil and Environmental
Engineering, Georgia Institute of Technology, Atlanta, GA

Dr. Ellis B. Cowling, University Distinguished Professor At-Large Emeritus, Colleges of
Natural Resources and Agriculture and Life Sciences, North Carolina State University, Raleigh,
NC

Dr. Douglas Crawford-Brown, Professor Emeritus and Director Emeritus, Department of
Environmental Sciences and Engineering and UNC Institute for the Environment, University of
North Carolina at Chapel Hill, Chapel Hill, NC

Dr. Donna Kenski, Data Analysis Director, Lake Michigan Air Directors Consortium,
Rosemont, IL

PANEL MEMBERS
Dr. Praveen Amar, Director, Science and Policy, NESCAUM, Boston, MA

Dr. Andrzej Bytnerowicz, Senior Scientist, Pacific Southwest Research Station, USDA Forest
Service, Riverside, CA

Ms. Lauraine Chestnut, Managing Economist, Stratus Consulting Inc., Boulder, CO

Dr. Charles T. Driscoll, Jr., Professor, Environmental Systems Engineering, College of
Engineering and Computer Science, Syracuse University, Syracuse, NY

Dr. Paul J. Hanson, Distinguished R&D Staff Member, Environmental Sciences Division, Oak
Ridge National Laboratory, Oak Ridge, TN

Dr. Rudolf Husar, Professor and Director, Mechanical Engineering, Engineering and Applied
Science, Center for Air Pollution Impact & Trend Analysis (CAPITA), Washington University,
St. Louis, MO

Dr. Dale Johnson, Professor, Department of Environmental and Resource Sciences, College of
Agriculture, University of Nevada, Reno, NV

Dr. Naresh Kumar, Senior Program Manager, Environment Division, Electric Power Research
Institute, Palo Alto, CA



Dr. Myron Mitchell, Distinguished Professor and Director of Council on Hydrologic Systems
Science, College of Environmental and Forestry, State University of New York, Syracuse, NY

Mr. Richard L. Poirot, Environmental Analyst, Air Pollution Control Division, Department of
Environmental Conservation, Vermont Agency of Natural Resources, Waterbury, VT

Mr. David J. Shaw, Director, Division of Air Resources, New York State Department of
Environmental Conservation, Albany, NY

Dr. Kathleen Weathers, Senior Scientist, Institute of Ecosystem Studies, Millbrook, NY
SCIENCE ADVISORY BOARD STAFF

Ms. Kyndall Barry, Designated Federal Officer, 1200 Pennsylvania Avenue, NW
1400F, Washington, DC, Phone: 202-343-9868, Fax: 202-233-0643, (barry.kyndall@epa.gov)



Attachment B: Agenda for the 2-3 April 2008 meeting

U.S. Environmental Protection Agency
Clean Air Scientific Advisory Committee (CASAC)
NOx & SOx Secondary NAAQS Review Panel
Public Meeting: April 2-3, 2008

Marriott at Research Triangle Park, 4700 Guardian Drive, Durham, NC, 27703

Purpose: To conduct a peer review of EPA’s Integrated Science Assessment (ISA) for Oxides of
Nitrogen and Sulfur--Environmental Criteria (First External Review Draft) (EPA/600/R-07/145,
December 2007) and a consultation on the EPA's draft Scope and Methods Plan for Risk/Exposure
Assessment: Secondary NAAQS Review for Oxides of Nitrogen and Oxides of Sulfur (March 2008

Draft).

Wednesday, 2 April 2008

8:30a.m. Welcome

8:40 a.m.

8:50 a.m.

9:05 a.m.

9:35a.m.

9:45 a.m.

11:00 a.m.

11:15a.m.

12:15 p.m.

Introduction of Members, Review Agenda

Background and History of the NAAQS

Highlights of Draft ISA and Agency
Charge Questions
(Attachment B1)

Public Comment Period

Response to Charge Questions 1 — 3

Break

Response to Charge Questions 4 — 6

Lunch

Ms. Kyndall Barry, EPA SAB Staff
Office, Designated Federal Officer

Dr. Anthony Maciorowski, Deputy
Director, EPA SAB Staff Office

Dr. Ted Russell, Chair

Dr. lla Cote
EPA’s Office of Research and
Development (ORD)

Ms. Lydia Wegman

Dr. Karen Martin

EPA’s Office of Air and Radiation
(OAR)

Dr. Jeffrey R. Arnold
Dr. Tara Greaver
Dr. Paul F. Wagner

EPA ORD
To be announced

Dr. Praveen Amar
Dr. Rudolf Husar

Dr. Naresh Kumar
Dr. Donna Kenski
Dr. David Shaw

Dr. Dale Johnson (by phone)
Dr. Kathleen Weathers




1:30 p.m.

3:00 p.m.

3:15 p.m.

3:45 p.m.

4:45 p.m.

5:30 p.m.

Charge Questions 7 — 9

Break

Response to Charge Question 10

Response to Charge Questions 11 — 12

Summary of Major Review Comments

Adjourn Meeting

Thursday, 3 April 2008

8:30 a.m.
8:35a.m.

8:50 a.m.

10:15 a.m.

10:30 a.m.

11:00 a.m.

11:30 p.m.

12:15 p.m.

1:00 p.m.

1:30 p.m.

2:30 p.m.

3:00 p.m.

3:30 p.m.

Reconvene the Panel Meeting
Public Comment Period

Discussion of Draft Responses to ISA
Charge Questions

Break
Highlights of the Draft Scope and Methods
Document and Agency Charge Questions

(Attachment B2)

Response to Charge Questions 1 — 2

Response to Charge Questions 3 —7

Lunch
Charge Questions 3 — 7 continued

Response to Charge Questions 8 — 10

Response to Charge Question 11

Summary and Next Steps

Adjournment

Dr. Ellis Cowling
Dr. Andrzej Bytnerowicz

Dr. Paul Hanson
Dr. Myron Mitchell

Dr. Douglas Crawford-Brown
Ms. Lauraine Chestnut
Mr. Rich Poirot

Dr. Ted Russell

Ms. Kyndall Barry

Ms. Kyndall Barry
To be announced

Dr. Russell and Panel

Dr. Dave Guinnup
Dr. Anne Rea
EPA OAR

Dr. Douglas Crawford-Brown
Dr. Paul Hanson

Dr. Rudolf Husar

Dr. Naresh Kumar

Dr. Ellis Cowling
Dr. Myron Mitchell
Dr. David Shaw

Mr. Rich Poirot

Dr. Andrzej Bytnerowicz
Dr. Dale Johnson (by phone)
Dr. Kathleen Weathers

Dr. Donna Kenski
Dr. Praveen Amar
Ms. Lauraine Chestnut

Dr. Ted Russell

Ms. Kyndall Barry



Attachment B1: Agency ISA Charge Questions

1. To what extent is the evidence on atmospheric chemistry and physics, air quality, and deposition
and exposure sufficiently and correctly described, clearly communicated, and relevant to the
review of the secondary NAAQS for NO, and SO,?

2. How well characterized are the relevant properties of the ambient air concentrations and
deposition of NOx and SOy, including policy-relevant background concentrations, spatial and
temporal patterns, and the relationships between ambient air concentrations and ecological
exposures?

3. How sufficient is the information on atmospheric sciences and exposures for the purposes of
evaluating and interpreting the ecological effects presented in Chapter 4 of the draft ISA?

4. How well are the major effects of NOx and SOy on ecological acidification identified and
characterized? To what extent do the discussions and integration of evidence across scales (e.g.
species, communities, ecosystems, and regions) correctly represent and clearly communicate the
state of the science?

5. How well has the ISA characterized the relationship between acidifying deposition levels of NOx
and SOx and environmental effects?

6. How well characterized is the relative importance of the oxidized and the reduced forms of
nitrogen on ecosystem acidification?

7. How well are the major effects of NOx as it contributes to nitrogen enrichment of the ecosystems
appropriately identified and characterized? To what extent do the discussions and integration of
evidence across scales (e.g. various species, communities, ecosystems, and regions) correctly
represent and clearly communicate the state of the science?

8. How well characterized are the relationships between ambient atmospheric nitrogen
concentrations, nitrogen deposition and total nitrogen loads, and environmental effects?

9. To what extent has the draft ISA adequately characterized the contribution of oxidized and
reduced forms of nitrogen to ecological effects related to nutrient enrichment?

10. Several additional effects are discussed, including mercury methylation, direct gas-phase effects
on foliage, and N,O as a greenhouse gas. How well does the draft ISA characterize the evidence
on these topics?

11. What are the views of the Panel on the appropriateness and comprehensiveness of the conclusions
drawn in Chapter 5?

12. How adequate is the draft ISA for providing information and guidance to future exposure, risk
and policy assessments that may be prepared in support of this NAAQS review?



Attachment B2: Agency Scope & Methods Plan Charge Questions

1. In outlining the scope of this risk/exposure assessment, we have created a flow diagram that
represents how nitrogen and sulfur compounds move from ‘source to dose’ in the environment
(see Figure 2-1). How adequately does this conceptual model for evaluating risks due to
deposition-related ecological effects characterize what should be covered in the scope of this
assessment?

2. The main ecosystem effects areas we anticipate evaluating in this risk/exposure assessment are
(1) risks to terrestrial ecosystems from nitrogen enrichment effects, (2) risks to aquatic
ecosystems from nitrogen enrichment effects (eutrophication), (3) risks to terrestrial ecosystems
from acidification effects (nitrogen and sulfur), and (4) risks to aquatic ecosystems from
acidification effects (nitrogen and sulfur). We also plan to qualitatively discuss the role of sulfur
enrichment on methylmercury production and the role of nitrous oxide in climate change. What
key effects areas, if any, have been overlooked by this approach? Should the assessment plan be
modified to include other effects?

3. Due to the complexity of conducting a nationwide risk/exposure assessment for welfare effects
due to NOx and SOx, we have outlined a strategy designed to identify sensitive ecosystems and a
range of harmful/adverse effects (see Figure 3-1). The seven steps are to (1) identify documented
biological, chemical and ecological effects and potential ecosystem services, (2) define sensitive
areas using GIS mapping, (3) select risk/exposure case study assessment areas, (4) evaluate
current loads and effects in case study assessment areas, (5) scale up the case study assessment
areas to larger sensitive areas where feasible, (6) assess current ecological conditions in those
areas, and (7) assess alternative levels of protection under different ambient scenarios. Does the
Panel agree with this general approach? Should it be improved or modified?

4. In the seven-step approach to the current conditions risk/exposure assessment, Step 1 (Section
3.1) describes an approach to identify the documented effects, biological, chemical and ecological
indicators, and potential ecosystem services related to acidification and nutrient enrichment.

Does the Panel agree with this approach or can they suggest alternative approaches we should
consider?

5. In the seven-step approach to the current conditions risk/exposure assessment, Step 2 (Section
3.2) outlines a path to define areas sensitive to total reactive nitrogen and sulfur inputs. Do the
Panel members agree with this approach or are there better alternatives that should be considered?

a. We are attempting to characterize the risks to ecosystems from sulfur and nitrogen
deposition nationwide by clustering sensitive ecosystems where possible and by
using the linkages between these areas at different scales. Please comment on the
adequacy of this approach.

b. How appropriate are the datasets and GIS maps listed in Table 3-4 for identifying
ecosystems sensitive to nitrogen and sulfur and/or are there others that have been
overlooked?

6. In the seven-step approach to the current conditions risk/exposure assessment, Step 3 (Section
3.3) outlines a path to identifying risk/exposure case study assessment areas.

a. Table 3-5 provides an initial list of indicators, mapping layers and multimedia
models that may be used to assess ecosystem risk and exposure. Please comment
on the appropriateness of these and suggest alternatives that may be better suited
for this analysis.

b. Please comment on the list of potential case study assessment areas in Table 3-6
and Table 3-7 and make recommendations or suggest any alternatives.



10.

11.

In the seven-step approach to the current conditions risk/exposure assessment, Step 4 (Section
3.4) outlines a path to assess current nitrogen and sulfur loads and their effects on case study
assessment areas. Does the Panel agree with how we have described our approach to identifying
datasets, gaps, and uncertainties?

a. We have initially identified the primary chemical indicator that is most suitable for
assessing ecosystem acidification effects as acid neutralizing capacity (ANC), with
alternatives depending on data availability (see section 3.4.1 and Appendix B).
Does the Panel agree with this selection, or can they suggest alternative/additional
key indicators?

b. We have described the models being considered for this analysis (see section 3.4.2
and Appendix C). Does the Panel agree with the choice of these models, and can
they help prioritize them for modeling the responses of the indicators
recommended in Step 1 (Section 3.1)?

In the seven-step approach to the current conditions risk/exposure assessment, Step 5 (Section
3.5) discusses how to scale up case study areas to more spatially extensive sensitive areas, where
appropriate. Does the Panel agree with this approach or can they suggest alternatives?

In the seven-step approach to the current conditions risk/exposure assessment, Step 6 (Section
3.6) outlines a path to assess the current conditions of sensitive ecosystems. How well does the
Panel agree with the approach outlined for calculating response curves and utilizing mapping and
ecosystem services to characterize current conditions or can the Panel recommend alternative
approaches?

a. How well does the Panel agree with using ecosystem services to provide a
common metric for comparing ecological risks due to nitrogen and sulfur
deposition effects?

b. How well does the Panel agree with collecting current valuation studies to
understand the value of bundled ecosystem services? Can the Panel recommend
additional or alternative approaches?

In the seven-step approach to the current conditions risk/exposure assessment, Step 7 (Section
3.7) describes an approach to assess degrees of protection/levels of effects under alternative forms
and levels of ambient NOx and SOx standards. This approach attempts to describe how the
methods, models, and results of the current conditions risk/exposure assessment can inform our
evaluation of the appropriate form(s) and level(s) of a national standard. How well does the Panel
agree with the approach outlined in this section, the issues presented, and the 9 steps outlined to
assess potential forms and levels of the standard? Please suggest any additional or alternative
steps we should take into consideration.

Additional ecological/welfare effects due to NOx and SOx emissions that we do not currently
anticipate evaluating in detail in this review include the following:

¢ Nitrogen saturation,

Maple decline,

Ammonia air deposition and toxicity to native mussels,

Relationships between acidity/nutrient enrichment and mercury methylation,

Sensitive areas for acidity/nutrient enrichment impacts, identified from biogeochemical
characteristics, and

o Climate change effects due to N,O.

Does the Panel agree that these represent lower priority effects for the current assessment? If not,
what does the Panel recommend?



Attachment C: Federal Register Notice announcing the meeting

[Federal Register: February 26, 2008 (Volume 73, Number 38)]
[Notices]

[Page 10243-10244]

From the Federal Register Online via GPO Access [wails.access.gpo.gov]
[DOCID:fr26fe08-48]

ENVIRONMENTAL PROTECTION AGENCY
[FRL-8533-5]

Science Advisory Board Staff Office; Clean Air Scientific

Advisory Committee (CASAC); Notification of a Public Advisory Committee
Meeting and Teleconference of the CASAC Oxides of Nitrogen (NOy) &
Sulfur Oxides (S0yx) Secondary NAAQS Review Panel

AGENCY: Environmental Protection Agency (EPA).
ACTION: Notice.

SUMMARY: The Environmental Protection Agency (EPA) Science Advisory Board
(SAB) Staff Office announces a public meeting of the Clean Air Scientific
Advisory Committee Oxides of Nitrogen (NOy) and Sulfur Oxides (SOyx) Secondary
National Ambient Air Quality Standards (NAAQS) Review Panel (CASAC Panel) and
a public teleconference of the chartered CASAC. The CASAC Panel will conduct
a peer review of EPA"s Draft Integrated Science Assessment for Oxides of
Nitrogen and Sulfur--Environmental Criteria (First External Review Draft)
(EPA/600/R-07/145, December 2007) and a consultation on the EPA"s draft Scope
and Methods Plan for Risk/Exposure Assessment: Secondary NAAQS Review for
Oxides of Nitrogen and Oxides of Sulfur. The chartered CASAC will review and
approve the Panel®"s report by public teleconference.

DATES: The CASAC Panel will meet from 8:30 a.m. on Wednesday, April 2, 2008
through 4 p.m. Thursday, April 3, 2008 (Eastern Time). The chartered CASAC
will meet by public teleconference at 10 a.m. on Monday, May 5, 2008 (Eastern
Time).

ADDRESSES: The April 2-3, 2008 public meeting, will take place at the
Marriott at Research Triangle Park, 4700 Guardian Drive, Durham, NC 27703,
telephone: (919) 941-6200. The May 5, 2008 public teleconference, will be
conducted by phone only.

FOR FURTHER INFORMATION CONTACT: Any member of the public who wants further
information concerning the April 2-3, 2008 meeting, may contact Ms. Kyndall
Barry, Designated Federal Officer (DFO), EPA Science Advisory Board (1400F),
U.S. Environmental Protection Agency, 1200 Pennsylvania Avenue, NW.,
Washington, DC 20460; via telephone/voice mail: (202) 343-9868; fax: (202)
233-0643; or e-mail at: barry.kyndall@epa.gov. For information on the CASAC
teleconference on May 5, 2008, please contact Mr. Fred Butterfield,
Designated Federal Officer (DF0O), at the above listed address; via
telephone/voice mail: (202) 343-9994 or e-mail at: butterfield.fred@epa.gov.
General information concerning the CASAC can be found on the EPA Web site at:
http://yosemite.epa.gov/sab/sabpeople.nsf/WebCommittees/CASAC.

SUPPLEMENTARY INFORMATION:

Background: The Clean Air Scientific Advisory Committee (CASAC) was
established under section 109(d)(2) of the Clean Air Act (CAA or Act) (42
U.S.C. 7409) as an independent scientific advisory committee. CASAC provides
advice, information and recommendations on the scientific and technical
aspects of air quality criteria and national ambient air quality standards



(NAAQS) under sections 108 and 109 of the Act. The CASAC is a Federal
advisory committee chartered under the Federal Advisory Committee Act (FACA),
as amended, 5 U.S.C., App- The Panel will comply with the provisions of FACA
and all appropriate SAB Staff Office procedural policies.

Section 109(d) (1) of the CAA requires that the Agency periodically review
and revise, as appropriate, the air quality criteria and the NAAQS for the
six ~“criteria™" air pollutants, including NOX and SOX. EPA published the
Integrated Review Plan for the Secondary National Ambient Air Quality
Standards for Nitrogen Dioxide and Sulfur Dioxide (Final) in December 2007.
The CASAC Panel provided a consultation on the draft Plan in October 2007:
(http://yosenmite.epa.gov/sab/sabproduct.nsf/77B813F50BDD96C1852573A70005BAF3/
$File/casac-08-003.pdfF). EPA"s Office of Research and Development (ORD) has
completed the Draft Integrated Science Assessment for Oxides of Nitrogen and
Sulfur--Environmental Criteria (ISA) and EPA"s Office of Air and Radiation
(OAR) will also release a Scope and Methods Plan for Risk/Exposure
Assessment. The purpose of the April 2-3, 2008 meeting,
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is for the CASAC Panel to provide advice on these two documents. The
chartered CASAC will meet by conference call to review and approve the
Panel"s draft report on the ISA.

Technical Contacts: Any questions concerning EPA"s Draft Integrated
Science Assessment for Oxides of Nitrogen and Sulfur—-Environmental Criteria
(First External Review Draft) should be directed to Dr. Tara Greaver, ORD, at
(919) 541-2435 or greaver.tara@epa.gov. Any questions concerning EPA"s Scope
and Methods Plan for Risk/Exposure Assessment: Secondary NAAQS Review for
Oxides of Nitrogen and Oxides of Sulfur should be directed to Dr. Anne Rea,
OAR, at (919) 541-0053 or rea.anne@epa-gov.

Availability of Meeting Materials: EPA-ORD"s Draft Integrated Science
Assessment for Oxides of Nitrogen and Sulfur—Environmental Criteria (First
External Review Draft) can be accessed at
http://www.epa.gov/ttn/naags/standards/no2so2sec/cr_pd.html. EPA-OAR"s Scope
and Methods Plan for Risk/Exposure Assessment: Secondary NAAQS Review for
Oxides of Nitrogen and Oxides of Sulfur will be accessible at
http://www.epa.gov/ttn/naags/standards/no2so2sec/cr pd.html. The agenda and
other materials for this CASAC teleconference will be posted on the SAB Web
site at: http://www.epa.gov/sab prior to the meeting.

Procedures for Providing Public Input: Interested members of the public
may submit relevant written or oral information for consideration on the
topics included in this advisory activity.

Oral Statements: To be placed on the public speaker list for the April 2-
3, 2008 meeting, interested parties should notify Ms. Kyndall Barry, DFO, by
e-mail no later than March 28, 2008. Oral presentations will be limited to
one-half hour for all speakers. To be placed on the public speaker list for
the May 5, 2008 teleconference, interested parties should notify Mr. Fred
Butterfield, DFO, by e-mail no later than May 1, 2008. Oral presentations
will be limited to a total of 30 minutes for all speakers.

Written Statements: Written statements for the April 2-3, 2008 meeting
should be received in the SAB Staff Office by March 28, 2008 so that the
information may be made available to the CASAC Panel for its consideration
prior to this meeting. For the teleconference meeting of the chartered CASAC
on May 5, 2008, statements should be received in the SAB Staff Office by May
1, 2008. Written statements should be supplied to the appropriate DFO in the
following formats: one hard copy with original signature and one electronic
copy via e-mail (acceptable file formats: Adobe Acrobat PDF, MS Word,
WordPerfect, MS PowerPoint, or Rich Text Ffiles in IBM-PC/Windows 98/2000/XP
format).




Accessibility: For information on access or services for individuals with
disabilities, please contact Ms. Barry at the phone number or e-mail address
noted above, preferably at least ten days prior to the face-to-face meeting,
to give EPA as much time as possible to process your request.

Dated: February 15, 2008.
Anthony F. Maciorowski,

Deputy Director, EPA Science Advisory Board Staff Office.
[FR Doc. E8-3613 Filed 2-25-08; 8:45 am]
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National Center for Environmental Assessment & Office of Air Quality Planning and Standards

Schedule

 Planning:
— Workshop on science policy issues — July 2007
— CASAC consultation on draft Integrated Review Plan — Oct. 2007
— Final Integrated Review Plan — Dec. 2007

« April 2-3, 2008 CASAC meeting:

— Review of 1st draft Integrated Science Assessment (ISA) and
— Consult on draft Scope and Methods Plan for Risk/Exposure Assessment (R/EA)

* Next steps:
— 2 draft ISA and 1st draft R/EA release in Aug. 2008 -- CASAC review Oct. 2008
— Final ISA - Dec. 12, 2008
— 2nd draft R/EA release in Mar. 2009 — CASAC review May 2009
— Final R/EA - July 2009
— Rulemaking:
« ANPR in Aug. 2009 -- CASAC review Oct. 2009
 Proposed rule — Feb. 12, 2010
« Final rule — Oct. 19, 2010




Unlted States
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National Center for Environmental Assessment & Office of Air Quality Planning and Standards

Regulatory History of the Secondary NO, and
SO, NAAQS

* NO, and SO, secondary standards set in 1971; only change has
been revocatlon of annual secondary (but not prlmary) SO,

standard. Current secondary standards include:

— 0.053 ppm NO, annual arithmetic average, mean of 1-hr concentrations (same as
primary); to protect against direct gas-phase effects to vegetation

— 0.50 ppm SO, 3-hr average (different from primary); to protect against direct
short-term effects on trees (foliar injury)

 Previous reviews have discussed the importance of broader
environmental effects of NOx and SOx, but EPA decided not to
revise the secondary NAAQS on the basis of such effects

« Numerous assessments, reviews, statutory/regulatory activities,
and other initiatives have been undertaken over the last 3
decades, attesting to the complexity of the relevant science and
policy issues (see Integrated Plan discussion)
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National Center for Environmental Assessment & Office of Air Quality Planning and Standards

In this review . ..

* Separate review of secondary standards from reviews of
primary standards

 Take multi-pollutant approach, linking NOx and SOx as well as
considering both oxidized and reduced forms of nitrogen

» Focus on environmental effects related to deposition of sulfur
and reactive nitrogen into sensitive terrestrial and aquatic
ecosystems

 Avoid unnecessary overlap across different NAAQS reviews

» Take a broad view of potential policy outcomes, after first
evaluating relevant science and designing/conducting relevant
assessments



Integrated Science Assessment for Oxides of
Nitrogen and Sulfur — Environmental Criteria
(1st External Review Draft)




NCEA-RTP Nitrogen and Sulfur Oxides Team
ISA Iin Support of the Secondary Standard

Dr. lla Cote — Acting Division Director
Dr. Mary Ross — Branch Chief

Dr. Tara Greaver — NO, and SO, Environmental Criteria Team Leader

Dr. Jeffrey R. Arnold
Dr. Jean-Jacques B. Dubois
Dr. Jeffrey Herrick
Dr. Lingli Liu
Dr. Kristopher Novak
Dr. Paul F. Wagner

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental décisions




Highlights from the draft ISA organized by CASAC charge questions

» Descriptions of sources, transformations, and ecological exposures
= NO,, SOy, and NH, atmospheric chemistry and physics
» Characterization of ambient concentrations
= Characterization of deposition totals and methods for computing them

» Characterizations of ecological effects

= Acidification
» Occurs in response to atmospheric deposition of NOy, and SOy

= Nitrogen enrichment
» Occurs in response to atmospheric deposition NO,, NH, and other forms of

reactive nitrogen (Nr)

=  Other welfare effects
« Stimulation of Hg methylation by atmospheric deposition of SO,?-
» Direct phytotoxic effects of gas-phase NO, and SOy

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




1. To what extent is the evidence on atmospheric chemistry and physics, air
guality, and deposition and exposure sufficiently and correctly described,
clearly communicated, and relevant to the review of the secondary NAAQS
for NOy and SO, ?

2. How well characterized are the relevant properties of the ambient air
concentrations and deposition of NO, and SO, including policy-relevant
background (PRB) concentrations, spatial and temporal patterns, and the
relationships between ambient air concentrations and ecological
exposures?

3. How sufficient is the information on atmospheric sciences and exposures
for the purposes of evaluating and interpreting the ecological effects
presented in Chapter 4 of the draft ISA?

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental déecisions



NO, emissions (chiefly NO+NO,) are split roughly evenly between all point and
area stationary sources together, and all mobile sources
= 2002 total U.S. emissions =~ 23.2 Tg

Biogenic additions of NO, from biomass burning, soil off-gassing, and lightning
are substantially smaller fractions of the budget
= NO and N,O from soils as intermediate products of denitrification either
naturally or after N fertilizers added
= NO, from managed agriculture and forests = 0.01 Tg in 2002
= N,O was ~6.5% of total U.S. greenhouse gas emissions on a Tg CO,
equivalent basis in 2005, with >75% emitted from agricultural soils

NH; emissions chiefly from livestock and soils after N fertilization
= 2002 NH; emissions from all U.S. sources = 4 Tg, with >85% from
agricultural and sylvicultural sectors

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Ambient and Background NO,

In the U.S. for the years 2003-2005

» 24 h average ambient NO, mixing ratios in cities, where most NO, is
produced
= <20 parts per billion (ppb) with a 99t percentile value <50 ppb

» Annual-average NO, mixing ratios at nearly all urban, rural, and remote
monitored sites
= <5ppb

» Annual-average policy-relevant background NO, mixing ratios are
computed to be:
= <300 parts per trillion (ppt) over most of the continental U.S.

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Ambient and Background SO,

The national composite annual mean ambient SO, concentrations
have decreased by 48% from 1990 to 2005

Annual Mean SO, Concentration
1989 — 2001 2003 — 2005

2005 mean ambient SO, mixing ratio: ~4 ppb
Background (excepting Pacific Northwest): ~10 to 30 ppt

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions
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Building a scientific foundation for sound environmental decisions

Thin coverage of monitoring sites leaves us blind in many areas, especially in the west

Some special study measurements and numerical modeling experiments suggest that
hotspots can be missed by routine monitors

» Measured N deposition is >20 kg hal y! in some regions of the NY Adirondacks

» Model estimates as high as 32 kg ha' y* for a region of southern CA with more
than half predicted to come from NOy

Annual-average Deposition, 2004-2006
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4.  How well are the major effects of NO, and SO, on ecological
acidification identified and characterized? To what extent do the
discussions and integration of evidence across scales (e.g., species,
communities, ecosystems, and regions) correctly represent and
clearly communicate the state of the science?

5. How well has the ISA characterized the relationship between
acidifying deposition levels of NO, and SO,  and environmental
effects?

6. How well characterized is the relative importance of the oxidized and
the reduced forms of nitrogen on ecosystem acidification?

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental déecisions




SO, deposition is the main cause of chronic surface water acidification

 The good news: 1/4 to 1/3 of lakes and streams chronically acidic in
the 1980s were no longer chronically acidic in the year 2000; largely
attributed to decreases in sulfur deposition

« The bad news: Accumulation in soil due to historic loading in
addition to current loading inhibits the recovery of some regions

NO, deposition is an important cause of episodic acidification

 The Episodic Research Program demonstrated that episodic
acidification has long-term adverse effects on biota, especially fish
populations

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental déecisions



Toxic effects on terrestrial ecosystems include:

Al* toxicity and lower cold tolerance that lead to
decreased growth and mortality of tree species

* Red spruce and sugar maple, especially at
high elevation

Distribution of red spruce (rose_)éhd sugar maple
Toxic effects on aquatic ecosystems include: (green) in the eastern United States

Mortality across trophic levels including
phytoplankton, zooplankton, macroinvertebrates,
and fish; few studies on higher trophic levels

Total Alkalinity of Surface Waters

Number of Fish Species

-200 -100 0 100 200 300 400 500
ANC(ueq/L)
Number of fish species per lake versus acidity status,
expressed as ANC, for Adirondack lakes

RESEARCH & DEVELOPMENT
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Chemical Indicators of Acidic Deposition

CHEMICAL INDICATORS OF EFFECTS ON AQUATIC ECOSYSTEMS

Chemical Indicator Potential Threshold References
» Surface water pH 5.0-6.0 Baker et al., 1990
» Surface water ANC 0-50 peq/L Bulger et al., 1999
* Inorganic Al 2-4 ymol/L Wigington Jr. et al., 1996

Driscoll et al., 2001;
Baldigo et al., 2007

CHEMICAL INDICATORS OF EFFECTS ON TERRESTRIAL ECOSYSTEMS
Chemical Indicator Potential Threshold References

* Soil base saturation 10-20% Lawrence et al., 2006;
Driscoll et al., 2001;
Cronan et al., 1990

e Soil solution Ca:Alratio 1.0 Cronan and Grigal, 1995

e Soil C:N ratio 20-25 Aber et al., 2003

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




BIOLOGICAL INDICATORS OF EFFECTS ON AQUATIC ECOSYSTEMS

Indicator Measures References
« Fishes, zooplankton Condition factor Baker et al., 1990b
crustaceans, rotifers Presence/absence Sullivan et al., 2006b

Diversity metrics
Tolerance values

BIOLOGICAL INDICATORS OF EFFECTS ON TERRESTRIAL ECOSYSTEMS

Indicator Species Example of Health Indices References
* Red spruce Percent dieback of canopy trees Shortle et al., 1997;
DeHayes et al., 1999
* Sugar maple Basal area dead sugar maple (as %)  Bailey et al., 1999;
Crown vigor index Drohan and DeWalle, 2002

Fine twig dieback

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Regional Sensitivity to Acidification and
Selected Impaired Ecosystems under
Current Deposition Levels

Total Alkalinity of Surface Waters
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Adirondacks

« Overall improvements in lakewater acid-base chemistry have been modest
* Modeling results suggested that recovery for the most acid-sensitive
Adirondack lakes would not continue

Shenandoah
* Modeling results for the Southern Appalachian Mountains region, south of
Virginia and West Virginia, suggested that, under current emissions levels, the
percentages of acidic streams (ANC < 0 peq I'Y) will increase
* Simulations suggested that re-acidification might be prevented with deposition
(Sullivan et al., 2007a)

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



How well are the major effects of NO, as it contributes to nitrogen
enrichment of the ecosystems appropriately identified and
characterized? To what extent do the discussions and integration
of evidence across scales (e.g., various species, communities,
ecosystems, and regions) correctly represent and clearly
communicate the state of the science?

How well characterized are the relationships between ambient
atmospheric nitrogen concentrations, nitrogen deposition and total
nitrogen loads, and environmental effects?

To what extent has the draft ISA adequately characterized the
contribution of oxidized and reduced forms of nitrogen to
ecological effects related to nutrient enrichment?

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental déecisions




Atmopsheric N deposition causes a cascade of ecological effects at
multiple scales

« At the smallest scale is the increased growth of individual species

* Not all species can take advantage of the additional N; some lose
their competitive advantage

« N additions cause a suite of terrestrial and aquatic ecological
problems including biodiversity losses, community shifts,
eutrophication, and harmful algal blooms

Atmospheric N deposition
NO,, NH,, Other Nr

Fertilizer
eLand runoff
*Soil leaching (N,)

N, effects on
estuarine ecosystems

N, effects on

terrestrial ecosystems Waste water effluent
(N) >
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Chemical indicators

Soil C:N ratio

Soil water [NO;7]

Nitrate leaching

Chlorophyll a

Chlorophyll a: Total P
Water [NO;]

Dissolved inorganic N (DIN)

Biological Indicators

Altered community composition,
biodiversity and /or population decline

= Diatom species

= Lichen species

= Mycorrhizal species

= Moss species

» Grass and herbaceous species

= Butterfly species

Foliar/plant tissue [N], C:N, N:Mg, N:P
Phytoplankton biomass/production
Terrestrial plant biomass/production

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




(ka N hat yr1)

~1.5

3to8

5to 35

<6.31t0 10

<10 to 15

Altered diatom communities in high elevation freshwater lakes
Elevated N in tree leaf tissue high elevation forests (Colorado;
Baron, 2000; Baron, 2006; Saros et al., 2003)

Mortality of sensitive lichen species (Pacific NW; Geiser and
Neitlich, 2007)

Species richness declines as a linear function of the rate of
inorganic nitrogen deposition, with a reduction of one species
per 4 m2 quadrant for every 2.5 kg N yr-1 deposition (U.K.;
Stevens et al., 2004)

Onset of nitrate leaching in many U.S. forests (Aber et al.,
2003)

Altered community composition in native grasslands
contributing to decline of native butterfly populations (California;
Fenn et al., 2003; Weiss, 1999)

RESEARCH & DEVELOPMENT
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Nitrogen Nutrient Enrichment: Estuary Eutrophication

i og.é 2007 National Estuarine

9 4 Eutrophication Assessment
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Ecological Indicators of Eutrophication

Overall eutrophic condition
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Charge Question 10

10. Several additional effects are discussed, including mercury
methylation, direct gas-phase effects on foliage, and N,O as a
greenhouse gas. How well does the draft ISA characterize the
evidence on these topics?

RESEARCH & DEVELOPMENT
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Direct phytotoxic effects

= Gas-phase SO, can cause acute foliar injury and decrease
growth of plants. However, research on these effects has been
limited in the past few decades

= Gas-phase NO, has potential phytotoxic effects. The 1993 NO,
AQCD concluded that concentrations of NO, and NO In the
atmosphere are rarely high enough for this. Very little new
research has been done to alter this conclusion

Mercury, a neurological and reproductive toxin, enters food webs
and bioaccumulates at higher trophic levels in the methylated form
(MeHg). Sulfur reducing bacteria are the principal agent of Hg
methylation, and SO,? deposition increases their activity, and MeHg
production

N,O is a greenhouse gas

RESEARCH & DEVELOPMENT
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Charge Questions 11-12

11. What are the views of the Panel on the appropriateness and
comprehensiveness of the conclusions drawn in Chapter 5?

12. How adequate is the draft ISA for providing information and
guidance to future exposure, risk and policy assessments that
may be prepared in support of this NAAQS review?

RESEARCH & DEVELOPMENT
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The emissions and atmospheric concentrations of most N
and S compounds are better characterized than their
deposition fields across the landscape

= Networks for measuring deposition are insufficiently dense to
characterize fully the regional heterogeneity and hotspots revealed
In field and modeling experiments

= Important components of total N deposition like NH; are missing

Adverse ecological effects are due to the N and S deposition
from current atmospheric concentrations of NO, and SO,
depending on the biological response considered

= Together, N and S deposition at current levels causes acidification
of ecosystems in many regions

« Al+ toxicity and lower cold tolerance that lead to decreased growth and
mortality of tree species (e.g. red spruce and sugar maple)

 Mortality across trophic levels including phytoplankton, zooplankton,
macroinvertebrates, and fish; few studies on higher trophic levels

RESEARCH & DEVELOPMENT
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Summary Points

= N deposition from NOy and NH, sources at current levels
contributes to adversity causedﬁay excess nutrient enrichment

= Atmospheric deposition of N to estuarine ecosystems may
be 10 to >40% of the total N loadings

» Deposition levels to terrestrial and freshwater ecosystems
that range from 2-10 kg N ha! yr! cause the onset of effects

RESEARCH & DEVELOPMENT
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Purpose

* Solicit feedback on EPA’s planned
approach to the NOx/SOx Secondary
NAAQS Risk Assessment

— Obtain guidance on breadth of the proposed
risk assessment, which effects and case study

areas should be targeted for this review



Overview

 Risk/Exposure Assessment
— Overview of Risk Assessment Framework

— Targeted Effects

e Acidification

e Nutrient Enrichment



Sunlight

Cloud Chemistry
el i ~ Wet Deposition/Acid Rain/
S0; N emissions
Dry deposition NO,
NO, N emissions
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Risk Assessment Framework

Characterization of Exposure Characterization of Ecological Effects

i Atmaospheric Deposition of i i Felevant Ecosystem

i Concentrations Sulfur and i i Eté'f?gizm Eiological Responses,

| ofNCx and Feactive | Exposure Services and

| SO MNitrogen | | Indicators Waluation
i Acidification

Climate Change

Mutrient Enrichment
(M,0)

species alterations
eutrophication
mercury methylation



Targeted Etfects

Atmospheric

Fate and
Transport

Total Reactive
N and SO,

Deposition
Processes

Enrichment Aatliteation Acidification MeHg
Production




Step 1 — Plan for assessment using
documented effects; biological,
chemical, and ecological indicators,
and potential ecosystem services

Integrated Science Assessment

Step 2 — Define sensitive areas that
exhibit effects using research
findings and GIS mapping

Step 3 — Select risk/exposure case
study assessment area within a
sensitive area

Use 2002 CMAQ output to run
selected multimedia models from
the integrated Science Assessment

Step 4 — Evaluate current loads and
effects to case study assessment
area including ecosystem services

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

A -

Policy Decision




Where are we now?

e Four main effect areas:
— Aquatic acidification
— Terrestrial acidification

— Aquatic nutrient enrichment

— Terrestrial nutrient enrichment
e Timeline
— First dratt RA to CASAC August, 2008

— Second draft RA to CASAC March, 2009
— Final RA July, 2009



Aquatic Acidification

Examine ANC results and relationship to fish
health

TIME/LTM Sites



Sultur Deposition (NADP)
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Nitrogen Deposition (NADP)
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Aquatic Acid Sensitivity

&
e Potential Case Study Sites
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Terrestrial Acidification

e Documented effects of acidification on
red spruce and sugar maple

* Use the Simple Mass
Balance model to

examine changes

in soil base chemistry

— If possible, correlate to tree health
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Aquatic Nitrogen Enrichment

* Fast and Gult Coast estuaries show significant
effects, however are difficult to model

* NOAA eutrophication indices
e Model main stem river of one or more estuaries

* Also considering using
DayCent-Chem model
on some alpine lakes
in the West
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Terrestrial Nitrogen Enrichment

b B

e Several studies document
changes due to enhanced
Nitrogen deposition

* Bffects are varied; empirical data

— Array results using GIS to examine

commonalities




Western Nitrogen Enrichment
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Additional Effects

* We are evaluating how best to
characterize additional effects.
Qualitatively address:

— Sulfur and Hg methylation
— N,O on climate
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Attachment G: Compilation of Individual Panel Member Comments on EPA’s Integrated
Science Assessment (ISA) for Oxides of Nitrogen and Sulfur — Environmental Criteria
(December 2007)

Comments received:

Dr. Praveen Amar

Dr. Andrzej Bytnerowicz
Ms. Lauraie Chestnut

Dr. Ellis B. Cowling

Dr. Douglas Crawford-Brown
Dr. Charles T. Driscoll, Jr.
Dr. Paul J. Hanson

Dr. Dale Johnson

Dr. Donna Kenski

Dr. Naresh Kumar

Dr. Myron Mitchell

Mr. Richard Poirot

Dr. Armistead Russell

Mr. David Shaw

Dr. Kathleen Weathers



Dr. Praveen Amar

This write up addresses the first three charge questions from NCEA. The Charge Questions are
reproduced below:

1. To what extent is the evidence on atmospheric chemistry and physics, air quality, and
deposition and exposure sufficiently and correctly described, clearly communicated, and
relevant to the review of the secondary NAAQS for NO, and SO,?

2. How well characterized are the relevant properties of the ambient air concentrations and
deposition of NOx and SOx, including policy-relevant background concentrations, spatial and
temporal patterns, and the relationships between ambient air concentrations and ecological
exposure?

3. How sufficient is the information on atmospheric sciences and exposures for the purposes of
evaluating and interpreting the ecological effects presented in Chapter Four of the draft ISA?

Response:

Chapter 2 ( The Atmospheric Chemistry and Physics of Nitrogen and Sulfur Oxides, as well as
Annex AX1 with the same Title), and Chapter 3 ( Ecological Exposure to Oxides of Nitrogen
and Sulfur, and to Ammonia and ammonium, as well as Annex AX2 with the same Title)
provide a reasonably detailed description of the atmospheric science, air quality, deposition, and
exposure. However, the Chapters can and should be improved for more clear communication. It
is understandable that various sections have different authorships. These Chapters and other
chapters in the ISA would therefore benefit from the services of an expert technical/scientific
editor resulting in a more readable ISA that more clearly communicates the important findings of
these Chapters (as well as other chapters).

Specific Comments to improve the ISA are provided below:

Page 2-2: Line 8: It is important to state the more important point first, followed by a minor
point. Ammonia is included in this ISA, first because of its role in NOx and SO, chemistry, and
its role in nitrification, and, second (and a distant second!), because its oxidation can be a minor
source of NOx. There are other parts of this ISA that do suffer from the same issue. That is, first
order issues should be mentioned first.

A General comment about time scales of various chemicals/reactions: The ISA does a very good

job of providing time scales of various reactions and species. However, it would be very useful if
many of these important reactions’ time scales are presented in a single Table, where readers can

compare them in one place and draw meaningful conclusions.

Page 2-4: Line 17: P (O3): Ozone Production Efficiency: It is an important concept. However, |
do not think it is clearly defined in the document (as number of molecules of ozone produced per



molecule of NOx over a certain time period and over a spatial extent, etc.). I suggest it should be
explicitly defined first time it appears.

Page 2-7 (Lines 22-23): Awkward and an out-of-context reference to the fact that NO; deposition
is a “complex function of wind speed.” What does this mean? Needs an explanation.

General Comment about Section 2.2.2: Halogen Chemistry in the Marine Layer: This section is
written rather poorly and seems to be out of context with the main theme of SO, and NOx
chemistry. I found it hard to follow. If it has important implications for the deposition of nitrogen
and sulfur compounds on coastal and non-coastal/regional scales, they should be stated.

Page 2-9, General Sulfur Chemistry: Besides SO,, SO; though small in amount compared to SO,
(about 1 to 3 percent of total emitted SOx in stacks) has been known to cause visibility
degradation (“Blue plume” downwind of large power plants burning high sulfur coal, and
equipped with pollution controls of SCR and FGDs). It needs to be addressed here or in the PM
document.

Page 2-10: Line 1: It is stated that aqueous-phase oxidation of SO; is responsible for about 80%
of the total oxidation (implying that the remaining 20 percent is by homogeneous gas phase
oxidation or by metal-catalyzed reactions). However, the ISA should note that the situation is lot
more complex than that. For example, which of the various oxidation pathways dominates
depends on the details of the local accumulation of the co-pollutants such as ozone, hydrogen
peroxide, hydrocarbons, ammonia, and catalytic metals ( Fe, Mn, and others). This will have an
impact on final deposition levels of sulfur.

Page 2-14: A clear explanation of S (IV) and S (VI) would be helpful.

Page 2-21: Section on Satellites: A comment similar to the comment on Halogen Chemistry
above. This section appears to have been written out-of-context and needs to be integrated with
the larger context of estimating ecological exposures to S and N deposition and how satellite data
may be helpful in providing total loadings of S and N on larger scales that only satellites can
provide. Same comment on Table 2.6-1. May be, the Table needs to be removed.

Page 3.2: SOx Emissions: Lines 14-18: The statement that sources other than electric utilities
“make only a very minor contribution” to overall SO, emissions is quite inaccurate and needs to
be corrected. In 2003, the non-EGU sources in the US contributed 31% of the total SO,
emissions (at 5 mm tpy compared to about 11 mm tpy for EGUs). For example, industrial,
commercial, and institutional (ICI) boilers burning coal and oil produce about one mm tpy of
SO, in the US. Same text appears in the Annex and needs to be corrected. Also, the Summary
(page 3-59) needs to be corrected.

Page 3.9 NH; Emissions, Lines 23-28: Very awkward description of ammonia emissions. Three-
Way catalysts and ammonia emission from them are NOT the primary source of ammonia, and
therefore, a description of ammonia emissions must start with known large sources of ammonia
(livestock and agricultural operations). Please rewrite for more effective communication and
drop the words “for these reasons.. .”



A potentially important point about ammonia emissions is the geographic shift in ammonia
emissions that seems to have taken place in the US between 1980s and late 1990s and may still
be accelerating. The attached slide, courtesy of Dr. Bruce Hicks, NOAA, shows that the “center
of ammonia emissions” may be shifting from Midwest to the Southeast and the Carolinas. That
is, ammonia emissions (in N kg/ha) have increased by about 2 to 3 Kg/ha in the Southeast and
gone down by 1 to 2 kg/ha in the Midwest. This shift in density of ammonia emissions has
obvious implications on the regional atmospheric chemistry of SOx, NOx, and ammonia and the
resulting regional wet and dry deposition patterns for both sulfate and nitrates. ISA should
address the impact of this potential trend in geographic change in ammonia emissions.

Page 3-10: Section 3.4: Evaluating Emission Inventories: The ISA should note that the first step
to evaluate emission inventories is not by looking at the ambient concentrations. The first step in
evaluating reliability and accuracy of emission inventories needs to take into account the
methods and procedures that are used to produce emission inventories themselves (use of
emission factors, use of CEMs, QA/QC methods, uncertainty in determining spatial and temporal
profiles, speciation factors for VOCs and primary PM emissions, etc.).

Page 3-11, Section 3.5.2 NO2: Say “NO, interaction with vegetation is MORE DIFFICULT TO
UNDERSTAND than....”

Page 3-16 Line 10: Not clear about the distinction between “aerosol-phase” and “solid-phase”.
Are they not the same in the context of atmospheric chemistry of aerosols?

Page 3-16, Line 7: “Title IV Reductions in NOX and SO,” and not N and S.

Page 3-17, Figure 3.6-3: The Title needs to be modified to indicate that the Figure also shows
trends, if any (2002 to 2006).

Page 3-19, Lines 8-10: Please rewrite for clarity.

Page 3-21: Satellites: same comment as above. Please note the larger context of S and N
deposition.

Page 3-34: Section 3-9: Harvard Forest: I have a comment similar to the comment on Halogen
Chemistry above. It reads as an independent piece without being integrated into the ISA. It is
too long and not clear. Please shorten it and rewrite.

Page 3.12 PRB Concentrations of NOx and SOx: This is well-written section and does a very
good job of responding to the Charge Question 2 on the subject of PRBs of NO,, SO, and nitrate
and sulfate deposition over various regions in the US and at different time scales.

Page 3-43 Regional-Scale CTMs, Also Annex AX-2 (AX2.10.1.1, Page AX2-62): The text notes
that the capabilities of a number of CTMs designed to study local and regional-scale air pollution
problems were summarized by Russell and Dennis (2000) and by others, including Arnold
(2003), etc. What is missing is the reference to recent peer reviews of the CMAQ system itself.



The ISA needs to recognize that CMAQ modeling system has been extensively peer-reviewed.
The ISA document should refer in Chapter 3 and in Annex AX-2 to the three detailed written
reports of the external peer review panels. It would also be useful to include a short summary of
the major findings of the peer review reports that were published by the CMAS in years 2003,
2005, and 2007. They are available on CMAS website ( www.cmascenter.org). The three
references (they should be included both in Chapter 3 and Annex AX-2) are:

1. Amar, P., R. Bornstein, H. Feldman, H. Jeffries, D Steyn, R. Yamartino and Y. Zhang, 2004:
Final report: December 2003 Peer Review of the CMAQ Model. Report submitted to CMAS
Center, University of North Carolina at Chapel Hill, July, 24 pp.

2. Amar, P., D. Chock, A. Hansen, M. Moran, A. Russell, D. Steyn and W. Stockwell, 2005:
Final Report: Second Peer Review of the CMAQ Model. Report submitted to CMAS Center,
University of North Carolina at Chapel Hill, July, 33 pp.

3. Aiyyer, A., D. Cohan, A. Russell, W. Stockwell, S. Tanrikulu, W. Vizuete and J. Wilczak,
2007: Final report: Third Peer Review of the CMAQ Model. Report submitted to CMAS Center,
University of North Carolina at Chapel Hill, February, 25 pp.

A General Comment on Dry Deposition: The ISA needs to be more clear and explicit that we
only ESTIMATE dry deposition and therefore comments about total deposition (wet and dry)
and about the relative contribution of each pathway have a level of uncertainty that is hard to
determine.

In summary, Chapters 2 and 3 and annexes address the first three charge questions on
atmospheric science and ecological exposure in a satisfactory manner. However, the whole
document needs a thorough technical and scientific editing job as well as a better integration of
some of the sections (Halogen Chemistry, Harvard Forest, satellites use) into the overall ISA.

Chapter 5: Findings and Conclusions

General Comment: This Chapter does a good job of summarizing the ISA with major
“take home” messages. As noted above for Chapter 2 and 3, this Chapter does need a thorough
scientific editing job for it to communicate complex concepts in a clear manner.

Specific Comments follow:

Page 5-2 Section 5.2.2: The conclusion drawn here that current routine monitoring is “adequate”
or ‘fully adequate” after listing major problems with measurement of gaseous and particulate
species does not seem to be justified. I think it is a matter of tone and the revised language
should indicate WHY the current network is adequate.



Page 5-3 Line 30: Please see the comments for Chapter 2 about SO, emissions from sources
other than power plants. They are not “very little,” since they are about 1/3 of the total SO,
emissions.

Page 5-11: Lines 20-31: Not clear why there is no relationship between recent trend in N
deposition and trends in nitrate concentrations in surface waters. Have the recent reductions in
NOx emissions in the eastern US because of the “NOx SIP Call” taken into account?
Page 5-36: Line 20: Please see my comment above on “adequate monitoring.” Here, it says that
the monitoring networks are “inadequate.” Need to be consistent.
Geographic Shift in Ammonia Emissions
(courtesy of Bruce Hicks, NOAA)

Changes in Annual Average Ammonia Emissions
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Dr. Andrzej Bytnerowicz

General Comments:

Chapter 4 is well written and comprehensive and presents state of the scientific knowledge on
ecological effects of acidification, nitrogen nutrient additions and other welfare effects of N and
S. The chapter is very informative and is based on the relevant and current peer-reviewed
literature from North America and Europe.

Having said this, I would like to suggest that N effects are presented in a context of multi-
pollutant, multi-effects scenarios. Example of such an approach is the 1999 Gothenburg protocol
of the UN Convention of Long-range Transport of Air Pollutants recommending evaluation of

the combined effects of NOx, SOx, NH3, and VOCs on acidification, eutrophication and ground
levels ozone impacts (Working Group on Effects, 2004).

Specific comments:

Page 4-4, Figure 4.1.-1. should be changed to Table 4.1.-1.

Why eutrophication is not shown as a possible disturbance if forests?

In row 7 (atmospheric pollutant), the end products of deposition are shown, but not the pollutants
causing biological effects (e.g., NO,, SO,, HNOs, NH3, particulate NOs, particulate NHy).
Page 4-5, point 7 — ammonia (NH3) should be listed as well.

Page 4-9, Figure 4.2-1 mixed up with Fig. 4.2-2.

Page 4-13, lines 12-27. Elevated levels of tropospheric ozone and land disturbances such as
catastrophic fires or withdthrows should be mentioned as factors affecting water resources of
ecosystems and their leaching potential.

Page 4-22, lines 25-27. This could be a good recommendation for future research needs.
Page 4-29, lines 27-28. Reduced cold tolerance is also caused by euthrophication.

Page 4-35, line 14. These effects on epiphytes, if I recall, were also caused by NO, and SO..

Page 4-35, section 4.2.2.2.3. The described effects are to a large extent not caused by acidity but
direct toxic effects of SO, on plants.

Pages 4-38 through 4-44. Change SO, to SO4>".

Page 4-66, lines 26-28. Reference is needed.



Page 4-73, lines 28-32. It is a very important statement — clearly no single “definitive” critical
load for US ecosystems is possible. The eco-regional approach to the CL issue seems to make
most sense.

Page 4-98, lines 15-17. Is it contribution of gaseous HNOjs or of total dissolved NO5™?

Page 4-121, lines 18-20. In regard to changes in lichen species composition, there are differences
in responses to reduced vs. oxidized N. It has been proposed that elevated levels of HNOs have
negative effects on sensitive lichens such as Ramalina menziesii in the San Bernardino
Mountains of southern California (Riddell et al., 2008). Such effects are attributed more to the
direct HNOj toxicity than NOj;™ deposition. There is also a high probability that the reduced N
resulting from high NH; and particulate NH4" could affect lichens downwind of the Los Angeles
pollution sources area (Prof. Eva Barreno, personal communication). However, it has to be
remembered that the disappearance of lichens in southern California could also be caused by
high levels of ambient ozone in the area (Nash and Sigal, 1998; Sigal and Nash, 1983).

Page 4-122, lines 20-26. It should be added that increased mortality of the high elevation trees in
areas of elevated N deposition could be partially caused by their increased sensitivity to frost.

Page 4-129, section 4.3.3.1.4. This section should be incorporated into the forests section
(4.3.3.1.1) (see my remarks below).

Page 4-131, section 4.3.3.1.6. This section should be divided and moved into “forests” and “arid
& semi-arid” ecosystems (see my remarks below).

Page 4-147, lines 28-30. Transitional ecosystems (as mentioned in the previous sentences)
should also be added.

Page 4-152, lines 15-18. I do not see a logical link here. If estuaries and coastal water are
inherently sensitive to increased N loading, this is not because of the high releases of N inputs
back to the atmosphere (high microbial activity). Increased release of N into the atmosphere can
be considered as an avoidance mechanism in the presence of excessive N loads.

Page 4-154, lines 21-24. Ranges of deposition that may be affecting sensitive species seem to be
mixed up — levels in alpine ecosystems should be lower than in other terrestrial ecosystems cited

in this ISA document (see Baron et al. 2000; Bowman et al., 2006).

Page 4-162, line 8. S deficiency level at <80 ug/g seems to be very low. In Scots pine foliage in
the pristine area of Europe the lowest recorded level of S was ~400 ng/g (Molski et al., 1981).

Page 4-176. Section on the direct effects of HNO; on plants should be considered and possibly
added.

Page 4-180, Table 4.2-2. Add “of” after “Example”.

Page 4-186, Table 4.2-9. Change “eith” to “with” in the second line.



Page 4-189. Table 4.3-2. in the column “Factors that govern vulnerability”, add a sentence
“Interactions with other contributing stressors such as elevated levels of ozone or drought”.

Replies to the assigned questions:

7A. How well are the major effects of NOx as it contributes to nitrogen enrichment of the
ecosystems appropriately identified and characterized?

Generally the effects of NOx contribution to the N enrichment of various ecosystems are well
described. These effects are divided into the terrestrial, transitional, aquatic (fresh water and
estuarine and coastal water) ecosystems. Two case studies (alpine and sub-alpine communities in
Colorado and in Chesapeake Bay) are described. Some other case studies could be possibly
added — such as the mixed conifer forest of the San Bernardino Mountains (Fenn and Poth, 1999;
2001; Fenn et al., 2003) and grassland ecosystems in the San Francisco Bay area (Weiss, 1999).

7B. To what extent do the discussions and integration of evidence across scales (e.g.. various
species, communities, ecosystems, and regions) correctly represent and clearly communicate the
state of science?

Generally the effects (biogeochemical processes and biological effects) have been described (as
in point 1) for the terrestrial, transitional and aquatic ecosystems from a perspective of the effects
indicators. Some confusion is caused by placing herbaceous and plants and shrubs (4.3.3.1.4) and
mycorrhizal and microbial activity (4.3.3.1.6) into separate sections. Information contained in
those sections should be incorporated into the forests (4.3.3.1.1) and arid and semi-arid
ecosystems (4.3.3.1.3). Lichens could stay alone since their evaluation surveys have been done
mostly for larger geographic areas encompassing various ecosystems (often including
agricultural or the urban-wildland interface). What is missing are the desert ecosystems — effects
of N deposition in these N-limited systems, especially in the vicinity of strong N sources areas,
should be mentioned. A good example is the Mojave Desert in California which is strongly
affected by N deposition from the Los Angeles area. There are only a few references referring to
those problems, however, research is ongoing at the University of California in Riverside (Allen
et al., 2008).

8. How well characterized are the relationships between ambient atmospheric nitrogen
concentrations, nitrogen deposition and total nitrogen loads, and environmental effects?

These relationships are not well described. This is mainly caused by a lack of sufficient
understanding of these relationships. Understanding responses of ecosystems to N addition are
often based on fertilization experiments, using mainly NH4NO; or (NHy4),SO,4 additions and
assuming that these additions would simulate wide spectra of atmospheric N deposition
scenarios. More experiments on natural N deposition gradients, with the adequately identified N
components (gases, aerosols and soluble ions), should be conducted. Deposition of N to forest
ecosystems is calculated mostly from throughfall data with an assumption that wet and dry
deposition components are included. This approach has been used at large scales in Europe and
helped in calculating critical loads for N and S deposition and acidity (ICP Forests and ICP Maps



and Modeling products). However, the N dry deposition component, especially when there is not
sufficient precipitation to remove N deposited on foliage and other surfaces to throughfall
solution, may be grossly miscalculated. The inferential method (using information on ambient
concentrations of major N deposition drivers, their deposition velocity as well as canopy
characteristics, such as leaf area index, LAI) may be helpful in such cases. This method could
also be applied in such ecosystems (grasslands, deserts, alpine and sub-alpine ecosystems) where
throughfall cannot be used at all or is very difficult to be applied. The inferential method has
numerous limitations and uncertainties; however, it can be used for large geographic areas. This
method is the basis for the CASTNET estimates of N dry deposition at the national scale. It has
to be remembered, however, that there is not enough data for ambient NH3, which is one of the
main drivers of N dry deposition. In addition, understanding of N deposition in complex
(mountain) terrains is still poor.

9. To what extent has the draft ISA adequately characterized the contribution of oxidized and
reduced forms of nitrogen to ecological effects related to nutrient enrichment?

Contribution of reduced vs. oxidized forms of atmospheric nitrogen to nutrient enrichment
effects are not well understood and subsequently not well described in the ISA. The main reason
for that is an inadequate understanding of the chemical environment of ecosystems for which the
effects of N deposition are being described. As I mentioned above, most of knowledge on the
ecosystem responses comes from the fertilizer studies. Such experiments are well suited for
understanding biological effects of N in the wet deposition dominated ecosystems, such forests
in the eastern United States. However, in the arid and semi-arid ecosystems, where large portion
of N deposition may result from gaseous HNOs, NHj3 or particulate NOs™ or NH,", fertilization
experiments may quite poorly mimic the real-world interactions between the atmosphere and
ecosystems (vegetation, soils and surface water components).

Recommendations:

1. While SO, and NOx concentrations should be monitored for health reason (primary
standards), they have very limited application for evaluation of environmental
(ecological) effects. Therefore there is a need for monitoring concentrations of major
drivers of N & S deposition. For S, this is mostly SO4 in wet precipitation measured
nationally (e.g. NADP network). However, for N, not only wet NO; and NH4 deposition
(also measured nationally), but also dry deposition of gaseous HNO;, NH; and particulate
NO3 and NHy4 as well as the organic compounds should be included. Activities of the
national monitoring networks, especially CASTNet should be continued and expanded,
especially in the underrepresented Western US.

2. For preliminary determination of HNO3 and NH3 “hot spots”, use of passive samplers
should be considered. Passive samplers have already been successfully used in
monitoring networks in California: Sequoia National Park (Bytnerowicz et al., 2003),
Lake Tahoe (Gertler et al., 2006), or Joshua Tree National Park (Allen et al., 2008).

3. National efforts in ecological monitoring of N & S deposition effects are needed. Such
efforts could be similar to those in Europe under the auspices of the UN Economical
Commission for Europe, namely the ICP Forests Level and ICP Modelling and Mapping
efforts. Monitoring results from the ICP Forests Level II plots have allowed for
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determination of CL and their exceedances. The newly developed network for CL
estimates on 17 US Forest Service Experimental Forests and additional 4 sites across the
US will help to determine if the CL approach could be applied and be practical in the US.
Research collaboration within the US and with the Canadian and European partners is
planned. If successful, the monitoring efforts in the US FS could be expanded into a
denser national network. It is envisioned that US FS Forest Inventory and Analysis (FIA)
Phase 3 (Forest Health Monitoring) sites could be utilized. The Intensive Site Monitoring
(ISM) site that would integrate the FIA Phase 3 and the ICP Forests Level II-type plots
will be established in the San Bernardino Mountains of southern California in summer
2008.

4. Effective collaboration between EPA, various national monitoring networks, and land
management agencies such as US Forest Service or National Park Service, in developing
a national program for monitoring and evaluation of N & S effects on ecosystems,
including CL calculations, should be encouraged.
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Some literature citations supporting evidence of increased windthrow in forests
experiencing elevated N deposition:

Braun, S., Schindler, C., Vilz, R., Fluckiger, W. 2003. Forest damages by the storm "Lothar" in
permanent observation plots in Switzerland: the significance of soil acidification and
nitrogen deposition. Water, Air and Soil Pollution, 142, 327-340.

Nilsson, C., Stjernsquist, I., Barring, L., Schlyter, P., Jonsson, A. M., Samuelsson, H. 2004.
Recorded storm damage in Swedish forests 1901-2000. Forest Ecology and Management,
1999, 165-173.

United Nations Economic Commisiion for Europe, The Condition of Forests in Europe, 2005
Executive Summary, ENECE Geneva, 32 pp. ISSN 1020-587X.
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Ms. Lauraine Chestnut

Charge question 11 (appropriateness and comprehensiveness of conclusions?)

The review of relevant economic valuation studies is included only as an appendix and is not
incorporated into the conclusions. Table 5.5-2 lists some results of water quality valuation
studies in the Chesapeake Bay, but I don't see discussion of this table in the text. As a result of
both of these factors, the treatment of the economic valuation literature seems disconnected from
the review of the science. It is not clear how the review of the economics literature contributes
and fits into this ISA. There was mention in the introduction that economic valuation may be
helpful in assessing what effects are adverse, but I don't see any discussion of specifically how
the current literature may be useful in this regard in the appendix or in the findings and
conclusions. If the ISA is not going to make the link between harmful effects on ecosystem
functions to the question of how these translate into welfare effects and associated economic
values, then this should be explained in the introduction. This link needs to be made at some
point in this process, but it may be better addressed in the risk and policy assessments. If this is
EPA’s intention, it needs to be stated in the introduction. The ongoing work of the SAB
Committee on Valuing the Protection of Ecological Systems and Services (C-VPESS) and
EPA’s Ecological Benefits Assessment Strategic Plan should also be cited here as important
background materials for economic valuation methods.

It is also important to stress that a determination of there being an adverse welfare effect does not
necessarily require that it be quantified in monetary value terms. Economic valuation studies
may be helpful in assessing when an affect is adverse, especially for direct use values. However,
for total value (including nonuse, bequest, and even some indirect use values) the public can only
assess these values when they are fully informed about what the changes to the ecosystem
resources and functions are, including an understanding of the implications of these changes on
the quality of the many ecosystem services that these resources provide. This information and
understanding has to have its foundations in the science. The conclusions in the ISA would be
more useful if they articulated the implications of the changes observed in the various
ecosystems affected by N and S deposition in terms of changes or losses in ecosystem functions.

Charge question 12 (adequate information and guidance for the exposure, risk and policy
assessments?)

In reviewing the ISA I kept looking for two types of information that seem to be key to this

process of considering secondary standards:

1. What information is there that tells us when a change in an ecosystem might be considered
adverse?

2. What levels of deposition/exposure can a system tolerate without incurring adverse changes?

Perhaps these questions are to be addressed more explicitly in the risk assessment phase. I didn't
see them explicitly addressed in the ISA. A few observations related to the question of what
exposures can be tolerated include:
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1. Exposures that can be tolerated vary for different resources and different locations according
to several known characteristics.

2. It will be very hard to say what levels of N deposition can be tolerated when there are
significant other sources in aquatic systems (especially for estuaries).

3. The answer may be different for recovery of currently injured resources than for prevention
of future degradation.

4. The question is complicated by episodic events (e.g. spring runoff) that cause temporary but
damaging increases in exposures.

The ISA notes that the current secondary standards for SO, and NO, were not set to address the
effects of deposition, but has the case been made that these standards are not sufficiently
protective? Perhaps this is obvious, but if current standards are being met and adverse affects are
still occurring, then the standards are not adequate. Related to this issue is the question of
whether adverse effects of deposition will continue once the primary NAAQS for PM and ozone
are met. These standards are going to require further reductions in SO, and NOy emissions from
current levels. At what point in this process does it need to be assessed whether the reductions in
deposition that will result will be sufficient to protect ecosystem resources, or is this not
relevant?
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Dr. Ellis B. Cowling

Individual Comments on the First External Review Draft of the Integrated Science
Assessment for the Secondary National Air Quality Standards for Nitrogen Dioxide and
Sulfur Dioxide

These Individual Comments are developed in the form of responses to most of the 12
Charge Questions received from Kyndall Barry together with the final agenda for our
CASAC Peer Review on April 2, 2008.

Chairman Ted Russell asked Andrzej Bytnerowicz and me to give special attention to Charge
Questions 7-9 in the attached list. Thus I am very much looking forward to comparing notes
with Andrej during our Peer review on April 2, 2008.

My responses to most of the Charge Question are presented below in ordinary type after
presentation of the Charge Questions in Bold Type.

1. To what extent is the evidence on atmospheric chemistry and physics, air quality, and
deposition and exposure sufficiently and correctly described, clearly communicated,
and relevant to the review of the secondary NAAQS for NO, and SO,?

Chapter 2 of this ISA gives a very thorough account of the major sources, and the
chemical and physical transport, transformation, and atmospheric deposition processes
for oxides of nitrogen and sulfur. The schematic diagram of the cycle of reactive
nitrogen in Figure 2.2.1 gives a reasonably firm foundation for understanding those parts
of the nitrogen cycle that involve oxidized forms of nitrogen.

But this schematic diagram includes no mention or pictorial illustrations of the huge (mostly
agricultural) sources of reduced and organic forms of reactive nitrogen that are critical to
understanding both the nitrogen enrichment and acidification effects of atmospherically deposited
nitrogen and sulfur on terrestrial and aquatic ecosystems.

If EPA is serious about dealing with both nutrient enrichment and acidification of ecosystems
induced by atmospheric deposition of total reactive nitrogen, the Agency needs to include in
Chapter 2 of the Second Review Draft of this ISA for “NOx” and “’SOx,” a similar schematic
diagram for the major sources, transformation, transport and atmospheric deposition processes for
reduced and organic forms of reactive nitrogen.

2. How well characterized are the relevant properties of the ambient air concentrations
and deposition of NOx and SOx, including policy-relevant background concentrations,
spatial and temporal patterns, and the relationships between ambient air
concentrations and ecological exposures?

3. How sufficient is the information on atmospheric sciences and exposures for the
purposes of evaluating and interpreting the ecological effects presented in Chapter 4 of
the draft ISA?
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4. How well are the major effects of NOx and SOx on ecological acidification identified and
characterized? To what extent do the discussions and integration of evidence across
scales (e.g. communities, ecosystems, and regions) correctly represent and clearly
communicate the state of the science?

The presentation of current scientific knowledge about the effects of NOx, SOx, and total
reactive nitrogen in Chapter 4 of this First Draft ISA is very thorough and comprehensive.
The discussion and integration of evidence across scales (communities, ecosystems, and
regions is also reasonably complete.

5. How well has the ISA characterized the relationship between acidifying deposition levels
of NOx and SOx and environmental effects?

6. How well characterized is the relative importance of the oxidized and the reduced forms
of nitrogen on ecosystem acidification?

Although Chapter 4of this First Draft ISA gives a very thorough and wide ranging account of
the huge increase in scientific understanding of nitrogen enrichment and acidification effects
of atmospherically deposited nitrogen and sulfur on the structure, specific components,
functions, and ecosystem services provided by many different ecosystems in many different
parts of this country, the attention given to comparison of the extent to which these many
adverse effects are caused by atmospheric deposition of oxidized and organic forms of
nitrogen vs oxidized forms of nitrogen is vanishingly small.

The truth is that although there are short-term differences in the rapidity and specific species
effects of nitrogen enrichment effects induced by reduced vs oxidized forms of nitrogen, the
long-term effects are essentially indistinguishable.

Thus, the most important policy relevant decision that needs to be made with regard to the
Second Draft ISA is to set the stage more adequately for consideration of a “Total Reactive
Nitrogen” approach in air quality management in this country and to refrain from trying to
deal only with oxidized forms of nitrogen rather than the sum of oxidized, plus reduced, plus
organic forms of reactive nitrogen.

7. How well are the major effects of NOXx as it contributes to nitrogen enrichment of the
ecosystems appropriately identified and characterized? To what extent do the
discussions and integration of evidence across scales (e.g. various species, communities,
ecosystems, and regions) correctly represent and clearly communicate the state of the
science?

The adverse effects of atmospherically deposited nitrogen and sulfur on terrestrial and
aquatic ecosystems fall into two major categories that are reasonably well described in this
First Draft Integrated Science Assessment for Oxides of Nitrogen and Sulfur — “Nutrient
Enrichment” and “Acidification.” Total reactive nitrogen deposition is the principal cause of
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nutrient enrichment whereas both nitrogen and sulfur deposition are the principal causes of
acidification in both terrestrial and aquatic ecosystems.

Notably, however, in the context of this CASAC Peer Review of the secondary standards for
nitrogen and sulfur oxides, this First Draft ISA fails to demonstrate that it is not just oxidized
forms of nitrogen and sulfur that induce major adverse ecosystem effects, but also chemically
reduced and organic forms of nitrogen, and to a lesser extent, also reduced and organic forms
of sulfur. In some very important parts of the US, atmospheric deposition of reduced and
organic forms of nitrogen are larger in total load of reactive nitrogen than the total load of
oxidized forms of nitrogen.

The principal sources of oxidized airborne nitrogen and sulfur are combustion of fossil fuels
used in production of electricity, industrial processes of many sorts, transportation vehicles,
and both commercial and domestic home and water heating systems. These matters are
adequately covered in this First Draft ISA. But this is NOT true for the very important
reduced and organic forms of nitrogen.

The principal sources of air emissions of reduced and organic forms of nitrogen are
agricultural operations that include fertilization of crops and forests, but even more
importantly include animal rearing operations (principally chicken, turkey, and egg
production units, swine farms, and both beef and dairy cattle farms) but also including other
domestic animals such as horses, goats, sheep, and even companion animals. Municipal
waste handling and processing facilities and septic tank systems are also important sources of
air emissions of ammonia and ammonium ion.

Please see the comment written in response to the first Charge Question listed above with
regard to the need for a schematic diagram similar to Figure 2.1.1, but developed for reduced
and oxidized forms of nitrogen rather than just for oxidized forms of nitrogen.

8. How well characterized are the relationships between ambient atmospheric nitrogen
concentrations, nitrogen deposition and total nitrogen loads, and environmental effects?

My impression is that the contributions of inorganic forms of nitrogen (principally nitrate
ions and ammonium ion concentrations to total nitrogen loads in wet deposition are
reasonably well characterized. On the other hand, the contribution of organic forms of
nitrogen to total reactive nitrogen loads in wet deposition are not very well characterized.
Also the contributions of gaseous ammonia, volatile organic acids and amines, and various
nitrogen and sulfur aerosols to total nitrogen and sulfur loads are not very well characterized.

At the same time, despite some of these uncertainties about specific air concentration, total
loads, and ecosystem responses, however, the general quantitative relationships between
regional decreases and increases in total emissions of nitrogen and sulfur relationships and
several different nutrient enrichment and acidification effects are reasonably well
characterized.

9. To what extent has the draft ISA adequately characterized the contribution of oxidized
and reduced forms of nitrogen to ecological effects related to nutrient enrichment?
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The present Draft ISA does a pretty adequate job of characterizing the contribution of
oxidized forms of nitrogen to nitrogen enrichment but has a long way to go with regard to the
contribution of reduced forms of nitrogen to nutrient enrichment.

10. Several additional effects are discussed, including mercury methylation, direct gas-
phase effects on foliage, and N,O as a greenhouse gas. How well does the draft ISA
characterize the evidence on these topics?

My impression is that the present draft ISA does a reasonably adequate job of describing the
available evidence on these other topics. I gather from some of the Charge Questions in the
Draft Scope and Methods paper, however, that EPA is still trying to make up its mind about
how much attention to give to these other effects that go beyond the general issues of nutrient
enrichment and acidification effects in both terrestrial and aquatic ecosystems.

11. What are the views of the Panel on the appropriateness and comprehensiveness of the
conclusions drawn in Chapter 5?

I could not be more delighted with the decision to provide this kind of bulletized presentation
of major Findings and Conclusions from the various chapters of this draft ISA! It appears
that a considerable and well-focused effort has been made to develop this series of very
carefully crafted brief summary statements that:

1) Contain the distilled essence of the most important topics covered in each chapter, and

2) Are as directly relevant as possible to the overarching Key Policy Questions that should
be the principal focus of all aspects of these NAAQS review processes:.

“What scientific evidence and/or scientific insights have been developed since the last
review to indicate if the current public-health based and/or the current public-welfare
based NAAQS need to be revised or if alternative indicators, levels, statistical forms, or
averaging times of these standards are needed to protect public health with an adequate
margin of safety and to protect public welfare?

“What scientific evidence and/or scientific insights have been developed since the last
review to indicate whether, and if so, what particular ecosystem components or other air-
quality-related public welfare values, are more or less sensitive than the populations of
humans for which primary standards are established and for this reason may require a
different indicator, level, statistical form, or averaging time of a secondary standard in
order to protect public welfare.”

12. How adequate is the draft ISA for providing information and guidance to future
exposure, risk and policy assessments that may be prepared in support of this NAAQS
review?
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I am a bit confused by this question. At first, I thought the question related to needs for information
and guidance for future NAAQS reviews, but then the question ends with ”policy assessments
that may be prepared in support of this NAAQS review?

In any event, I do not recall that very much attention has been given in this First Draft ISA to
providing information and guidance with regard to either future or the present reviews for
secondary NAAQS standards for nitrogen and/or sulfur.
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Dr. Douglas Crawford-Brown

This review focuses primarily on Chapter 5: Findings and Conclusions, although it draws on
information in the earlier chapters from which the Findings were drawn. My first very general
comment is that the Findings did, I believe, comport with the major conclusions one might draw
from the earlier chapters. At least, they summarized what I took to be most of the main points in
these earlier chapters, although I caution that I am not an ecologist and so there may have been
significant points made earlier that did not make their way into Chapter 5.

It was a bit hard (perhaps too hard) to get the subsections of Chapter 5 to match the way the
earlier chapters were organized. This is due largely to the fact that Chapter 5 itself does not have
any systematic approach to presenting the findings and conclusions concerning effects (which is
really the focus of the NAAQS process). The effects are divided between Acidification; Nitrogen
Nutrient Enrichment; and Other Welfare Effects. Then these three major classes of effects are
subdivided in various ways (such as Aquatic; Terrestrial; etc). However, the subdivisions are not
consistent across the classes of effect. I suppose this might be because some of the subdivisions
are relevant for one class of effects and not others, but I can’t see any reason why this should be
the case. It would have been much more helpful to have the three major classes subdivided into
the same set of subsections so the reader can quickly go through and find, for example, the
Biochemical Effects for all three classes. The needed information is all there, I just wanted a
more consistent structure to the presentation of it.

I also didn’t understand the case studies. I could find no consistency in the way they were
approached, or any conclusions that could be drawn from them. There was no explanation of
what they are doing within the document (i.e. what the reader is to take from them). They struck
me as an arbitrary set of rather poorly detailed cases — I’m sure the authors had some reasons for
selecting them, but this was not evident.

My final general quibble is with the highly qualitative nature of many of the conclusions on
ecological effects, and the general presumption that an effect is the same as an adverse effect.
The chapter is littered with phrases such as “could cause”, “are thought to”, etc. There is an
implicit assumption throughout that ecosystems are in their optimal states before NAAQS-
relevant sources are added to the world, and that all these sources can do is weaken ecosystem
health. Perhaps the authors don’t intend this implicit assumption, or the impression that the
phrases I mention count as strong evidence for any sort of belief, but I was left uneasy with many

of the conclusions for the reasons above.
I now have some specific comments on parts of Chapter 5:

1. On Page 5-2 at the bottom, the authors conclude that measurements below the detection limit
cause “irresolvable uncertainty in these data”. I agree with the sentiment here, but there are

policy and regulatory decisions that can be made that don’t have this “irresolvable uncertainty”.
For example, if the regulatory limit is well above the detection limit, and all the positive results
are below the regulatory limit, then a large number of results below the detection limit does not
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prevent a decision as to whether a site is in compliance to be made with high levels of certainty.
Whether the “irresolvable uncertainty” has any implications for decisions depends entirely on the
kind of decision being taken.

2. On Page 5-4, first bullet, the authors state that “annual NOx has decreased < 35% over the
years”. It was not clear whether this is to mean it has decreased by less than 35% of the baseline
year (1990) or has decreased TO LESS THAN 35% of the value in the baseline year.

3. On Page 5-6, the authors correctly state that it is possible that small amounts of SO2 may be
beneficial. It would be useful to indicate how this amount compares to the levels considered
under a NAAQS and the levels currently found in the environment. If the amounts that are
beneficial overlap the amounts found in the environment, this has significant implications for the
NAAQS. And it also would be useful to characterize the evidence for beneficial effects, since it
indicates that the exposure-response curve may be U-shaped. Focusing only on the “bad” effects
leaves the document open to charges of bias and presumes there is some sort of monotonic
increase of bad effects with exposure, or a threshold below which effects don’t occur (but also
are not beneficial).

4. In that same paragraph, the authors state that lack of observation of a change doesn’t mean
that no change is taking place (it may have been below the ability to detect such a change). I just
want to be sure it is also understood that this statement cannot be used to therefore justify
regulatory action; the evidence simply becomes neutral with respect to decisions being taken.

5. On Page 5-11, the second bullet, the authors conclude that a lack of relationship may indicate
that the trends are on a time scale longer than is being measured. Well, yes, this could be the
case. Or it could just be that there IS no relationship. I find this pattern throughout the document:
a tendency to explain away a lack of relationship as being due to some limitation in the data,
rather than the simpler, and more truthful, claim that there has been no trend observed to date.

6. On Page 5-12, first bullet, line 16, the term “likelihood” is used. I couldn’t figure out the sense
in which it is being used here. I assume it is not in the statistical sense.

7. On Page 5-15, last full paragraph, the final sentence doesn’t seem to me to follow from the
evidence presented, unless one assumes that ANC values are the sole determinant of acidic
episodes. I won’t comment further on this, because it is not my area of expertise, but this implicit
assumption must be made and so I was left wondering where the evidence was given to support
it.

8. Throughout the discussion on NOx and SOx deposition, I could not find any recognition, or at
least explicit consideration, of deposition onto land that then enters a waterbody through run-off.
I am assuming it is being considered even if not called out directly in the text.(?)

9. On Page 5-17, last bullet, the issue of Hg increasing in fish is brought up. I realize that the
authors are suggesting here that this increase above “safe” levels is due in part to the effects of
acidic deposition, but this section is focused on effects and no specific effect is mentioned
(unless one takes the increased Hg itself as an effect, which is what I presume the authors
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intend). But there should at least be some mention of the extent to which this increase in Hg is
due to the effects of acidic deposition and not just to loading of the original Hg into the waters.

10. On Page 5-18, first paragraph under 5.5, we find another instance in which a change is
automatically considered adverse. The argument is that excess N creates “unnatural rates in some
species and change in the competitive interactions...”. This is then followed by the claim that
this will decrease ecosystem health and biodiversity. Again, I am not an ecologist, but my
reading of the literature suggests it is far from evident that all such changes weaken ecosystem
health (unless one assumes a priori that ecosystems are in their optimal state of health absent
increased N). Or the key may be in the term “excess”. Perhaps the authors have some idea as to
what level of N constitutes an “excess” and are referring only to this condition, in which case we
have a tautology (the level of N that is “excess” being by definition the level of N that causes
weakened ecosystem health). Without addressing this issue, the reader is likely to assume that
“excess” is the same as “increased”, which would not be true.

11. On Page 5-19 at the top, it seems to me that there is an assumption being made here that all N
in the system is bioavailable. I may be wrong in this, but it does seem to me that assumption is
inherent in the paragraph. At the bottom of that same page, the authors refer to the “availability
of NO3-. I wonder if they mean “bioavailability” or if the two terms are interchangeable.

12. On Page 5-21, line 13, it is noted that a change in shoot-to-root ratio can be adverse. I would
guess it is adverse primarily if the ratio increases, not decreases.

13. On Page 5-26, line 12, it is mentioned that the function is not linear, but no indication is
given of the kind of non-linearity it represents. Some clarity here would be good (threshold,
positive second derivative, negative second derivative, U-shaped, etc).

14. The Regional Trends sections struck me as unsatisfactory throughout the chapter. I was never
clear, in any of them, what important conclusions, related to a NAAQS decision, I was to take
away. It wasn’t even made clear why a regional trend is of interest.

15. On Page 5-31, a list of biological measurements to assess eutrophic condition is provided.
But I don’t see why this list is here. I can find no way in which it informs the later discussion or
conclusions.

16. The discussion of Greenhouse Gases beginning on Page 5-35 is confusing, or at least given in
too much of a sketch. I haven’t any idea what the reader is take away from this.

17. On Page 5-36, the first sentence states that in the chapter data were “integrated and
collectively considered in formulating conclusions”. I don’t think the chapter accomplished this,
or made it evident. I am not saying the conclusions are wrong, or that the authors didn’t have
good reasons for giving them. I am simply saying that the chapter doesn’t lay out all clearly how
the data were “integrated and collectively considered”. I would be more inclined to say that the
data were collected together, the authors considered them, and conclusions were formulated (in
ways that are not transparent to the reader).
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18. On Page 5-37, line 11, there is an instance of something that appears in other places in the
chapter. Some N and S deposition rates are mentioned, but there is no indication given as to
whether these are large or small compared to deposition rates one would expect under NAAQS
levels. The reader is left, therefore, wondering whether these deposition rates are significant with
respect to any decisions that must be taken under NAAQS.

19. The final sentence of the chapter is that “The Chesapeake Bay is an example of a large well-
studied estuary that receives 21 — 30% of its total N load from the atmosphere”. This seems a
very odd way to end the chapter, as this sentence is essentially a non sequitur and certainly
doesn’t summarize any of the important conclusions.
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Dr. Charles T. Driscoll, Jr.

I have a few general comments that I will relay to you in this letter and the enclosed file has my
detailed comments. I was disappointed in the ISA. The scope is generally fine but the text is not
polished. It does not appear that the document was particularly well edited. As a result, I have
considerable comments.

I have a few concerns with the document. Sections are highly redundant. With a bit of editing, I
would guess that the length could be decreased 25%. The referencing of the document is
uneven. There are many instances where facts are stated that are not common knowledge and no
citation is provided. I would think that this approach would not be acceptable. Other sections of
the document are referenced adequately.

There are several statements that are made which are incorrect. I have either noted these or
corrected the text.

I do not like the approach as on 1-6, line 26 “Chapter 2 highlights”. This is grammatically
incorrect. A chapter is an inanimate object and cannot highlight anything. This is done
throughout the document. It should be corrected.

The section on sampling and analysis for NOx and SOy (2.6) while interesting, is long and could
easily be put in an Appendix.

I understand that I really don’t have much say in the matter, but interests would be best served if
the scope of the ISA was expanded to include base cation and CI” deposition. CI is probably
largely derived from coal combustion or industrial processes at least away from the coast. Both
base cations are CI” deposition can influence the acid-base chemistry of ecosystems.

e In Chapter 3 (3-28), shouldn’t some mention be made of cloud deposition?

e In this section (3-28, 15), it is mentioned that NHj3 is not included in deposition estimates.
Another problem that isn’t mentioned is DON deposition. This should be added to the text.

e The document is made confusing by mixed units and symbols. Mass and molar, English and
metric. It seems that there is no unit or scale that is not used in this document.

e Also different ways of expressing units are used (e.g., kg/ha-yr vs. kg ha™ yr''). A consistent
format should be used throughout the document.
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Specific Comments on Integrated Science Assessment

for Oxides of Nitrogen and Sulfur in Environmental Criteria

Chapter 2
Page 2-2, line 5
Page 2-3

Page 2-4, line 6

Page 2-5, line 23

Page 2-10, line 24
Page 2-11, line 4
Page 2-11, line 12
Page 2-14, line 6

Page 2-14, line 19

Page 2-16, line 17
Page 2-19, line 27
Page 2-21, line 22

Page 2-21, line 25

Page 2-21, line 27

Page 2-23, line 9

Page 2-28, line 12

Page 2-29, line 7

Reference needed.
Figure title: Define M, PAH, PAN
Change to: ... (e.g. nitrosamines, nitro-PAHs)

Change to: ... effectively no chemical or physical removal
mechanism in the ....

Make italics: in situ

H+
Change to: ... compounds affect
Change to: ... acidity, at adequate concentrations it affects...

Change to: For any [NH] in the system... condensed phase
(Reaction 2.4-4).

Change to: ... Earth’s surface...
Change to: .... oversaturated with ....
Make italics: in situ

Change to: An overview of the three satellite... backscatter is
contained in Table 2.6-1.

Change to: Total column [NO,]... satellite is shown on Figure
2.6-1.

Change to: ...; see the more complete description ...

Change to: Excess NHj3 alone or together with NOy can enhance
to terrestrial and aquatic ecosystems.

Change to: ... networks is sparse over...
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Chapter 3

Page 3-1, line 11
Page 3-2

Page 3-2, line 20

Page 3-2, line 30

Page 3-3, line 4

Page 3-3, line 24

Page 3-3, line 28
Page 3-3, line 31
Page 3-4, Line 3 & 4
Page 3-4, line 23
Page 3-5, line 5
Page 3-5, line 9
Page 3-5, line 12

Page 3-5, line 29

Page 3-6, line 1

Page 3-6, line 30

Page 3-7, line 6

Page 3-7, line 7

Page 3-9, line 2

Change to: In this section brief summaries...(NH,") are provided.
Section 3.1.2.1 Soils. This section needs some citations.
Isn’t N, the dominant soil gas?

Is there a typo here? Do you mean “Although N,O is not
reactive...?

Do you mean...oxidation of NHj released ....?

Is there a word or something missing? This sentence doesn’t make
sense.

What is meant by fuel N loadings? Clarify.

What section?

Need a reference

Change to: ... and this pattern remains...

This sentence doesn’t make sense, please clarify.

What is meant by “stimulated through soil management”?
You don’t really want the brackets here do you?

Cultivation of soil with high organics content is not an addition of
N as indicated in the sentence that follows.

Change to: ... of which a small portion

Change to: Data for SO, emissions...state level totals are
depicted in Figure 3.2-1.

Change to: The magnitude and spatial distribution... in the ARP
is depicted in Figure 3.2-2 for the CONUS.

Change to: .... continuing elevated density of SO, emission
sources in the ... compared to the West, particularly in the Central
Ohio River Valley.

Change to: ... increases with increasing fire intensity.
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Page 3-9, line 12
Page 3-9, line 16
Page 3-9, line 30
Page 3-12, line 23,24

Page 3-14, line 7

Page 3-20, line 1

Page 3-20, line 19

Page 3-22, line 31

Page 3-23, line 9

Page 3-24, Para. 1
Page 3-25, line 6
Page 3-25, line 7
Page 3-25, line 9,10
Page 3-26

Page 3-26, line 3

Page 3-27

Page 3-27, line 1

Page 3-33, line 3

Change to: ... emissions are lower. Reduced light levels...
Change to: However, note that ...

Need a citation

Need citations

Change to: The networks, sponsoring agencies... are listed in
Annex Table AX2.5-1.

Does CASTNET really have cation data? I never knew that.
Change to: ... of ~ 90 sites. In addition the seven Atmospheric
Also doesn’t AIRMon provide gas and particle chemistry and
estimates of dry deposition?

Change to: Contributions from several... than 30 years are
summarized in Annex Table AX2.5-5.

Change to: Ambient [NO;] ... through 2005 is shown in Figure
3.7-1.

Need citations

Change to: ... evident along the Ohio ...
Change to: ... have been decreasing throughout...
Define CMSAs and LOD

Figure title: Lower case ¢ in concentration

Change to: The composite diel... database is shown in Figure 3.7-
4.

Figure title: Clarify what is meant by “in focus”.

Change to: ... by sources some distance above the Earth’s
surface.

Change to: Note, however, ...
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Page 3-33, line 26
Page 3-34, line 4
Page 3-35

Page 3-36, line 26

Page 3-44, line 28

Page 3-44

Page 3-45, line 4

Page 3-48

Page 3-50, line 4

Page 3-50, line 15

Page 3-50, line 21

Page 3-50, line 23

Page 3-51, line 1

Change to: ... are problematic because ....
Change to: ... a similar relative decrease
Figure title: Clarify what is meant by O3/10

Change to: ... observed fluxes described here are compared in
Figure 3.9-5.

Change to: Results of a ..., respectively are shown in Figures
3.10-1 and 3.10-2.

In the comparison of measured and modeled deposition (e.g.
Figure 3.10-1) some discussion should be given on testing dry
deposition fluxes. Also in Figure 3.10-1 the fluxes are given on an
annual basis. What about patterns for other time intervals such as
monthly or weekly? The scatter should be much greater. Should
other predicted values for shorter time intervals be discussed?

Why is this a critical load? This definition seems inconsistent with
the remainder of the document. Please clarify.

The statement in the first paragraph that atmospheric load is equal
or exceeds riverine load (line 8) is inconsistent with the statement
in the 4™ paragraph that atmospheric deposition is 10-40% of the
total load. This needs to be clarified. Also a reference for the 10-
40% contribution value needs to be referenced (Castro and Driscoll
20027?).

Change to: Several waterbodies ... to total N loads are listed in
Table 3.11-1.

I do not believe the statement that 30-70% of the volume of animal
waste is emitted as NHj3. This is not possible. The statement needs

to be fixed.

Change to: Several important watersheds ... airsheds are listed in
Table 3.11-3 and 3.11-4.

Reference is needed to justify the statement on larger airsheds for
oxidized N.

Change title: 3.12 Background (PBR) concentrations and
deposition of NOy and SOy
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Page 3-51, line 20

Page 3-53

Page 3-54, line 8

Page 3-54, line 23

Page 3-55
Page 3-56

Page 3-59, line 7, 16

Page 3-59, line 12

Page 3-59, line 29

Page 3-60, line 21,26

Page 3-62

Chapter 4

Change to: The annual mean [NO;] ...[NO;] (bottom panel) are
shown in Figure 3.2-1.

Give complete figure title. Don’t be lazy.

Change to: The highest values are ... Ohio River Valley (Figure
3.12-3 (upper panel)).

Change to: Results from ... (Bey et al., 2001) is shown in Figure
3.12-5.

Again, give complete figure title
Again, give complete figure title

In addition to giving background concentrations, the summary
should provide deposition values.

Give the reader the specific percentage that EGUs contribute to
SO, emissions.

Again, that statement about the NH3 contribution from animal
waste is incorrect and needs to be fixed.

Again, the inconsistent statement about the atmospheric
contribution to the total estuarine input needs to be made
consistent. The 10-40% value is the correct statement (Castro and
Driscoll 2002).

Is this the original reference? It is difficult to believe.

** There needs to be a global search on this chapter on sulfate. It should be SO,>. The entire
chapter needs to be fixed. Also throughout the document, the authors refer to “inorganic Al”.
There needs to be a global search on this. This needs to be referred to as “dissolved inorganic
Al” or “monomeric inorganic Al”. Much of particulate matter or soil is inorganic Al. The
authors want to refer to dissolved inorganic Al. **

Page 4-1, line 8

Page 4-1, line 19

Change to: A discussion of acidification is presented in Section
4.2. Nitrogen (N) enrichment is discussed in Section 4.3.

Change to: ..., information is presented in this Integrated
Science Assessment (ISA) that was collected...
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Page 4-3, line 1

Page 4-7

Page 4-7, line 24

Page 4-7

Page 4-9

Page 4-10, line 1

Page 4-10, line 6
Page 4-10, line 7

Page 4-10

Page 4-10, line 11
Page 4-10, line 13

Page 4-10

Page 4-11, line 2

Page 4-11, line 9

Page 4-12

Page 4-12

Change to: Ceritical loads as a ... quantifying disturbance is
discussed in the following section.

Paragraph 1: There is no discussion of target loads here. Should
the text be expanded to address the concept of target loads?

Change to: ... is the accumulation of hydrogen ion (H) ...
Section 4.2.1.1:  This section on soil acidification is woefully
inadequate. Soil acidification is really the loss of base cations plus
the accumulation of acidic anions. The authors should refer to van
Breemen et al. (1983) or Binkley and Richter (1987).

The incorrect figure is with this figure title.

The statement of mobility of sulfate governing most aspects of soil
and water acidification is simply not true and demonstrates a
complete lack of understanding of the process. This needs to be
corrected.

Change to: ... deposited S is transported to the soil ...

Change to: ... acts as a mobile anion at ...

Paragraph 2: References are needed to document statements made
in the paragraph.

Change to: ... leaching of cations, and ...
Change to: ... When S is transported from ....

Last paragraph: You need to clarify why accumulated sulfate is
slowly released from soil.

Change to: ... the accumulation of the historic legacy of
atmospheric S deposition in soil was ...

Change to: ... and the difficulty in discerning the effects of net
SO,” description and net S mineralization make it difficult. ..

Paragraph 1: Virtually all mass balance studies show N retention.
See Campbell et al. (2004) for example.

Paragraphs 1 and 2: References are needed to document the
statements made.
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Page 4-12, line 9

Page 4-13, line 3

Page 4-13, line 8

Page 4-13, line 12
Page 4-13

Page 4-13, line 14
Page 4-13, line 20
Page 4-14, line 1
Page 4-14

Page 4-14, line 21

Page 4-14, line 25
Page 4-15
Page 4-15, line 10

Page 4-15, line 16

Page 4-15, line 27

Page 4-15, line 29
Page 4-16

Page 4-16, line 30

Page 4-17, line 1

Change to: ... between atmospheric N deposition and the C:N...

Add ...leaching to surface waters in the eastern United States
(Aber et al. 2003)

Change to: ... Although concentrations of NOj™ are typically less
than SO4” in drainage waters. ..

Change to: ... leaching from forest ecosystems...
Paragraph 3 — References are needed...

Clarify sentence

Change to: ... most noteworthy effect of ....
Change to: ... This pattern was likely due ...
Paragraph 2: References needed ....

Change to: ... S and N in acidic deposition enhance inputs of
strong acid anions that can accelerate ...

Change to: ... plant nutrients from soil; and...

Paragraph 1: Reference needed....

Change to: ... documented decreases in base saturation of ...
This statement is not correct. Likens et al. (1996) and Kirchner
and Lydersen (1995) documented decreases in stream
concentrations of base cations due to decreased leaching from the
soil exchange complex. They document decreases in soil
exchangeable pools of base cations due to elevated acidic
deposition.

Should cite Cronan and Schofield (1990)

Change to: ... deposition because inorganic monomeric ...
Paragraph 2: References needed....

Change to: ... deposition tends to remain in solution ...
Need to clarify this sentence. Changes in concentrations of base

cations do not necessarily result in increases in dissolved inorganic
aluminum.
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Page 4-17, line 8,9

Page 4-17, line 11
Page 4-17, line 12

Page 4-17, line 18

Page 4-17, line 20

Page 4-17, line 24

Page 4-17, line 25

Page 4-18

Page 4-19, line 19

Page 4-19, line 23
Page 4-19, line 28
Page 4-20, line 2
Page 4-20, line 6
Page 4-21, line 1

Page 4-21, line 4

Page 4-22, line 28
Page 4-22, line 28,29

Page 4-23, line 12

Change to: ... as chronic condition or episodic condition.
Chronic condition refers to annual ...

Change to: ... Episodic condition refers to ...

Change to: ... provide less neutralization of ....

Change to: ... acidic deposition likely has substantially increased
Change to: ... Many streams that exhibit chemical conditions
during ...

Need to define ANC

Change to: in the central Appalachian Mountain region ... (a
reference is also needed to document this statement)

Figure title. The figure is incorrect for the figure title and text
citation. Also in situ should be in italics.

The statement here is not exactly correct. The difference between
summer and spring ANC during baseflow conditions was on
average 30 peq/L. This means that acidic episodes would occur on
average when summer ANC values reached 30 peq/L.

Define: episodic ANC

Change to: ... contact with ANC supplying materials ...
Change to: ... this pattern can be ...

Reference needed ...

Make italics: in situ

Change to: ... during low flow, there is a shift to conditions of
moderate to severe episodic acidification during high flow that
showed higher ...

Change to: ... 2002), larger-term trends in ...

Sentence not clear, please clarify

Should the title be Terrestrial Ecosystems or Forest Ecosystems?
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Page 4-23

Page 4-24

Page 4-24

Page 4-24, line 10

Page 4-25, line 2

Page 4-26, line 10

Page 4-26, line 17

Page 4-28, line 2

Page 4-29, line 4

Page 4-29, line 14

Page 4-31, line 25,26

Page 4-33, line 6,7

Page 4-33

4.2.2. Terrestrial Ecosystems. Should enhanced leaching of
nutrient cations from the canopy due to acidic deposition be
mentioned in this section?

Paragraph 1: Reference needed

Paragraph 2 and elsewhere: Throughout the document the authors
discuss soil horizons as though they are always and only
Spodosols. I don’t believe that the only sensitive soils are
Spodosols. Aren’t other soil types important? When the authors
refer to O and B horizons, they need to clarify the geographic
context they are discussing, and if they are referring to all
Spodosols.

Why is the Bs horizon more sensitive than the Oa horizon in the
forest floor? I believe that the forest floor is more susceptible to
cation change from acidic deposition than the mineral soil. Most
of the roots are in the forest floor. Is a 20% loss of Ca*" in the
forest floor less important than a 50% loss of Ca*" in the mineral
s0il?

Do we actually know that Al only becomes mobilized after Ca**
becomes depleted? If this is true (I don’t believe it) how about a
reference documenting it?

Need a reference

Change to: ... nitrification rates are difficult to measure directly

Do you mean terrestrial or forest?

Has there been red spruce decline in the Southeast? Please provide
a reference.

Need a reference

Change to: ... A conceptual view...maple decline is provided in
Figure 4.2-2.

Clarify sentence
I think Juice et al. (2006) shows some compelling data on sugar

maple response to Ca addition. The authors should consider
mentioning this work.
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Page 4-34, line 2,3

Page 4-40

Page 4-41, line 18

Page 4-43, 14-16

Page 4-44, line 18

Page 4-46, line 8-10

Page 4-46

Page 4-47

Page 4-48, line 7,8
Page 4-48, line 15
Page 4-49, line 1
Page 4-49, line 2
Page 4-49, line 11

Page 4-49, line 20

This section is on tree health. Why mention soil cation depletion
here? Wouldn’t it be more appropriate in the soil effects section?

Note that while temporal patterns in surface water NOs™ loss are
confusing and variable. Aber et al. (2003) shows that there are
spatial patterns across the region which are consistent with
atmospheric N deposition contributing to elevated NO;™ leaching.

Change to: ... Efforts to explain the complex patterns in ...

Likens et al. (1998) showed increased losses of Ca*” with flow
during the 1960s and a declining pattern in later years.

How do Shenandoah streams show changes in soil sulfate
adsorption? Please clarify. One important observation that is
ignored in this report is that although surface water ANC appears
to be increasing, soil losses of exchangeable cations are continuing
despite reductions in acidic deposition. This observation should
me mentioned somewhere in the document.

How large is large?

Do you really believe this statement is true? Virtually all studies
that measure major ion chemistry measure pH. I believe that ANC
is more commonly focused on because it is more straight forward.
pH is a non-linear measurement and its changes are difficult to
interpret as trends.

The statement that waters with ANC < 0 peq/L have “no capacity
to neutralize acid inputs” is not true. An ANC value below 0
neq/L simply means that H' values are elevated (the solution pH is
below the equivalence point). This statement needs to be
corrected.

Change to: acidification (a decrease in ANC observed...)

Where is Table 4.2-4?

The units should be peq/L-yr.

Change to: ... represent significant trends towards. ..

Change to: ... ANC below zero peq/L.

Add Driscoll et al. (1988)
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Page 4-51, line 9,10 These conditions can also result in direct mortality as results from
in situ bioassays show (Van Sickle et al. 1996).

Page 4-51, line 12 Add reference

Page 4-51, line 15 Change to: ... vigor, and reproductive success; and

Page 4-57, line 8 Table 4.2-6 — is missing

Page 4-57, line 15 Change to: ... relationships are complex, however, ...
Page 4-57, line 22 Change to: ... However, note that effects...

Page 4-60, line 16 Change to: Note that the absence ...

Page 4-61 Figure: It would be helpful if a comment was made on the

consistency of Figure 4.2-11 with 4.2-10. Although the line 4.2-10
is different. The values on the two figures actually seem quite
similar. Is fish diversity response to acidification similar in the
Adirondacks and Virginia?

Page 4-66, line 6 What does this mean evaporative concentration? Please clarify.

Page 4-69, line 1 Change to: ... conditions in the Park for ...

Page 4-69, line 14 Elsewhere in the document Al concentrations are expressed in
pmol/L.

4-70, line 22 Aren’t the USDA Forest Inventory Data (FIA) available? Please
clarify.

Page 4-71, line 9 Change to: Note that the McNulty...

Page 4-72, line 1 Red spruce are generally found at higher elevations.

Page 4-72, line 5 Change to: ... sugar maple which are ....

Page 4-72, line 7 Change to: ... areas where sugar maples appear to be ...

Page 4-73, line 28 Change to: Note that critical loads...

Page 4-74 4.2.43.2: The text in this section is redundant with the previous

material presented.

Page 4-74, line 20 Give the specific %.
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Page 4-76, line 11

Page 4-76, line 18

Page 4-76, line 25

Page 4-77, line 30
Page 4-79, line 30,31

Page 4-80, line 14

Page 4-81, line 4

Page 4-81, line 20

Page 4-82, line 2,3
Page 4-82, line 25,26

Page 4-84

Page 4-84, line 23

Page 4-87, line 6

Page 4-87, line 23

Page 4-89, line 15

Change to: ... 1991 levels of stream area that was suitable for
brook trout survival

Change to: ... required to restore watershed soils...

(Note throughout the document, the authors use the term buffering
capacity incorrectly. Please correct this.)

Change to: ... was partly because SO4*” adsorption

Also throughout the document, the authors refer to sulfur
adsorption. I believe it is more appropriate to refer to sulfate
adsorption.

Change to: ... For aquatic ecosystems, ....

Change to: ... ANC have been increased through liming...
Change to: ... (e.g., pH, Al, Ca, ANC, DOC, dissolved OC)...
Why do the authors use the term dissolved OC? Why not use
DOC? Most readers will be familiar with this term.

Change to: ... increased with lake pH and ....

Change to: ...low weathering rates (Driscoll et al. 1991, Sullivan
et al. 2006a)

Need a reference
Need a reference

Figure 4.2-14: Why not update this figure and show the most
complete time series of precipitation chemistry?

Change to: ... The hydrogen ion deposited ....

Change to: ... model simulations coupled with population-level
extrapolations suggest that ...

Change to: ... cations, hydrogen ion and ....

This statement is not exactly true and needs to be qualified. These
authors provided an upper limit of organic acid content and as a
result greatly understated the number of fishless lakes due to acidic
deposition. This is a very important mistake and needs to be
clarified.
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Page 4-89, line 22

Page 4-89, line 26

Page 4-90, line 14

Page 4-90, line 15,16

Page 4-92

Page 4-92, line 4

Page 4-93

Page 4-94, line7

Page 4-94

Page 4-94, line 30-32

Page 4-95, line 27

Page 4-95, line 28

Page 4-97, line 14
Page 4-97, line 16
Page 4-97, line 26

Page 4-97, line 29

Change to: ... pH and ANC decreased substantially...

Note that Van Sickle et al. (1996) was part of the ERP and not
subsequent to it.

Change to: ... from 1982-2000 in the original 16 ALTM ...

Change to: ... from 1992 to 2000 in the complete set of 48
ALTM lakes. (Note that 32 additional lakes were added to the
program in 1992). They found ...

Figure 4.2-18. You have the incorrect citation for this figure. It
should be Driscoll et al. (2003a).

The population-base estimates need to be mentioned earlier in the
text where this study is first mentioned.

Figure title: Change to: ... ANC at three dates for the
population.

Note this citation is not correct. Chen and Driscoll (2004) applied
the model to the DDRP lakes.

Paragraph 2:  Why not add a sentence or two on the modeled
changes in zooplankton and fish species diversity that are
discussed in Sullivan et al. (2006b)?

No! Watersheds that are sensitive to mercury deposition are
forested, have an abundance of wetlands, shallow hydrologic flow
paths, are unproductive and impacted by acidic deposition
(Driscoll et al. 2007).

Change to: ... streams in the Park is linked ...
Change to: ... soils to adsorb SO,4™ is decreasing due to the long-
term accumulation of SO,4* on soil adsorption sites associated with

a legacy of elevated acidic deposition.

Change to: ... At the low-ANC (~0 peq/L) ...

Change to: ... Increases in base cations tended to compensate. ..
Change to: ... NOs™ concentrations usually increased...
Change to: ... to the changes in ANC of Paine Run...River, and

contributed to decreases in ANC in Piney River.
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Page 4-98, line 3,4

Page 4-98, line 6

Page 4-98, line 5

Page 4-99, line 1

Page 4-101

Page 4-101, line 8,9

Page 4-101, line 31

Page 4-101, line 32

Page 4-102, line 1

Page 4-102, line 3

Page 4-102, line 10

Page 4-104, line 7,8

Page 4-104, line 25
Page 4-104, line 27
Page 4-104, line 31

Page 4-104, line 32

Page 4-105

Page 4-105, line 3,4

Note that base flow ANC is controlled by bedrock geology.

Note during high flow, the shallow flow paths diminishes contact
between ...

Change to: ..., probably because SO4> adsorption ...
Change to: ... more vulnerable to adverse effects of episodic
acidification ...

Paragraph 1: Isn’t this material redundant with p. 76?

These categories should have been defined previously in the text
when they are first mentioned.

What are sensitive Si-based watersheds? Please clarify.
Somewhere the definition of sensitive southeastern watersheds
needs to be defined: siliciclastic, granitic, and basaltic

Is the loading kg S/ha-yr or as SO4*? Clarify.

Change to: ... Prior to the Industrial Revolution, most ....

Again, define Southeast watershed sensitivity and be consistent
using it throughout the text.

Clarify what is meant by small areas

Here you finally define the watershed sensitivity classes. Use
these terms throughout the text.

Change to: ... N is transported between air ...
Change to: ... because it is transported from the ....
Change to: ... Leaching from soil, ....

I don’t believe that nitrate leaching from atmospheric deposition
results in a violation of drinking water standards (>10 mg N/L).
Where? 1 defy you to provide a reference(s).

Also mention causes of declines in submerged aquatic vegetation
(SAV) and causes of increases in nuisance algae species.

see P. 112
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Page 4-105

Page 4-106, line 29
Page 4-109, line 21,24
Page 4-111, line 5-7
Page 4-112, line 11,12
Page 4-112, line 19

Page 4-112, line 22,23

Page 4-113, line 5
Page 4-114, line 2
Page 4-114, line 21
Page 4-114, line 22
Page 4-114, line 24,25
Page 4-114, line 26
Page 4-116, line 22
Page 4-116, line

Page 4-119, line 15
Page 4-119, line 16-23
Page 4-120

Page 4-126, line 15

Page 4-129, line 16
Page 4-132, line 3

Page 4-132, line 14

Note that nitrogen is also part of proteins, not only enzymes.
Change to: ... N leaches from soils to ....

Delete parenthesis from NOs™ plus NH, " on both lines
Redundant. Denitrification has been defined previously.
See below inconsistent with plot on p. 105

Change to: ... are generally thought to reduce ...

The methane response to nitrogen addition is confusing and
inconsistent. This section should be rewritten.

Change to: Note that the N enrichment...

Change to: ... in the eastern United States (Driscoll et al. 2003a).
Change to: ... fresh surface waters are: (1) elevated...
Change to: ... water; and (2) ....

Need reference

Change to: ... in the Adirondacks (Aber et al. 2003)

Change to: ... This pattern suggests that N ...

Should you mention increases in populations of nuisance algae?
Change to: ... not generally account for all wastewater inputs
Should also cite Castro and Driscoll (2002).

Change to: ... Source: (Driscoll et al. 2003b).

These units do not make sense. What is the areal basis of the
application?

4.3.3.1.4 Herbaceous Plants and Shrubs — Move to forest section
Change to: ... This pattern suggests selective ...

Change to: ... In the reference plots, five species...
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Page 4-132, line 14-16

Page 4-135, line 1

Page 4-135, line 32
Page 4-138, line 17, 18
Page 4-145, line 12
Page 4-145, line 18

Page 4-146, line 1

Page 4-147, line 27,28

Page 4-152, line 9
Page 4-152, line 28
Page 4-154, line 2
Page 4-160, line 26

Page 4-163, line 27

Page 4-165, line 2

Page 4-166, line 3,4

Page 4-166, line 30

Page 4-168

Page 4-169

I do not understand this sentence. Please clarify.

This would be much more useful if expressed as a loading rate.
The units shown here do not make sense mg/L-yr?

Make italics: in situ
Make italics: in situ
Make italics: in situ
Change to: ... (e.g., cyanobacteria, dinoflagellates)

Note Driscoll et al. (2003) is not the original citation. It should be
(Valiela et al. 1990).

Change to: An overview of the sensitive ecosystems is given in
Table 4.3-2.

Make italics: in situ

Change to: ... future outlook of the U.S. estuaries based ...
Change to: ... limited, though note that many ....

Define very low. Isn’t it generally defined as <2 mg/L?

Change to: ... oxygen content, supply of labile organic carbon,
temperature, pH ...

Please clarify the mass basis of the loading Kg S/ha or Kg SO4/ha?
This statement is incorrect and misleading. High production of
sulfide will limit methyl mercury production (Benoit et al. 2003).
This sentence needs to be rewritten.

Change to: ... watershed soils and the transport of naturally...

Section 4.4.1.2.2: There is no reference to effects of mercury on
song birds and terrestrial food chains (see (Rimmer et al. 2005).

No reference is made of Drevnick et al. (2007) which suggests a
link between declines in atmospheric S deposition and fish Hg.
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Page 4-170, line 28

Page 4-171, line 26

Page 4-171, line 27

Page 4-172, line 23-25

Page 4-176, line 27,28

Page 4-177, line 22
Page 4-177, line 25
Page 4-179, line 4

Page 4-179, line 10
Page 4-179, line 21

Page 4-179

Chapter 5
Page 5-3, line 11

Page 5-5, line 23,24

Page 5-6, line 1

Page 5-6, line 14
Page 5-8, line 9

Page 5-9

What is SO4> deficit? I never heard of such a thing. Please
clarify.

Change to: ... Pollutants must be transported from the ....
Change to: ... Although the transport of pollutants...
Change to: ... concentrations of SO,. The effect of SO, on

vegetation are summarized including some discussion of the
limited recent literature.

Change to: ... In Annex 7, a short list of GHGs and the
environmental factors.... of climate change are provided in Table
7-1. A comprehensive...

Change to: ... The additional laboratory study ...

Change to: ... 145 yr old beech tree ...

Change to: ... temperature, precipitation, and forest soil ...
Change to: ... show increasing temperature increases ...
Change to: ... ground water NO3™ concentration is elevated ...

Again, | can’t believe that atmospheric N deposition results in
surface water concentrations that approach drinking water
standards. Please provide a reference.

Change to: ... networks is greatly limited over large ...

As indicated before, this statement is not correct and inconsistent
with lines 25 and 30 immediately below. Please fix.

What ecological effects does S deposition have on Chesapeake
Bay?

Change to:
Change to: ... There are several indicators of stress...

Paragraph 1: Need reference.

... including topography vegetation, soil chemistry ...
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Page 5-9

Page 5-9, line 24
Page 5-10, line 14

Page 5-12, line 12

Page 5-14, line 19

Page 5-14

Page 5-15, line 20

Page 5-16

Page 5-16, line 28

Page 5-17

Page 5-17, line 30
Page 5-19, line 19

Page 5-19, line 26,27, 28

Page 5-19, line 32
Page 5-20, line 16
Page 5-23, line 1

Page 5-28

Bullet: A number of studies show ongoing soil acidification (i.e.,
net Ca”" loss) despite decreases in acidic deposition (Bailey et al.
1996, Likens et al. 1998, Huntington et al. 2000).

Change to: ... as the pH decreases below 6.0

Change to: ... which tend to provide less neutralizing of ...

The sentence as written does not make sense. Please change.
Change to: ... Decreases in pH below values of 6.0 typically

Change to: ... in the pH range 5.0 to 6.0

Fourth bullet — Change to: ... decrease in ANC below  peq/L.
Again, this sentence needs to be clarified. There is some threshold
ANC below which effects are evident. My guess is that it is about
100 peg/L.

Change to: ... that where chronically acidic during summer in the
Last bullet: The authors should clarify that stream surveys were
not conducted in the Adirondacks or New England.

Delete space before Maximum past ...

Fourth bullet: Again, this is a best case scenario because the study
overstated the level of acidity associated with organic acids. This
needs to be clarified.

Change to: ... with siliciclastic geology and ...

Change to: ... elevation, climate, species, composition ...

Change to: : communities. The ecological effects...studied in
recent years are summarized in Table 4.3-1.

Change to: ... ecosystems. Note that N saturation...
Delete first sentence. Start paragraph with ... In general forest ...
Change to: ... More than 30 kg N/ha-yr of ...

Last bullet. N fluxes ... to the total N budgets are compared in
Table 5.5-1.
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Page 5-28, line 10

Page 5-31, line 1

Page 5-31, line 6,7

Page 5-32, line 26

Page 5-33, line 30

Page 5-36, line 11
Page 5-36, line 19
Page 5-37, line 13
Page 5-38, line 2

Page 5-39

Change to: ... N to total phosphorus was ...
(Note, also clarify if this ratio is on a molar or mass basis.)

Change to: ... Si:N ratio decreases below....

Change to: ... in community composition, reduces hypolimnetic

DO, decreases biodiversity, and causes declines in submerged ...
Need a reference. Should the units here be metric?

Change to: ... influenced by oxygen content, supply of labil
organic carbon, temperature ...

Change to: ... average of 0.053 ppm. (space after 0.053)
Change to: ... Note that the regulatory....

Change to: ... forms of reactive nitrogen loading...
Change to: ... hypoxic zones, loss of habitat and harmful ...

Third section. Base Cations. Add references (Bailey et al. 1996,
Huntington et al. 2000).
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Dr. Paul J. Hanson

My comments include general thoughts on the organization and content of the ISA, comments on
specific chapters and items within the text, and summary thoughts on the charge question to
which I was assigned.

General Comments:

The Integrated Science Assessment (ISA) provides a concise, but occasionally cursory
overview of the key scientific issues for nitrogen and sulfur oxides related to atmospheric
chemistry and physics (Section 2), ecological exposures (Section 3), and effects (Section 4). The
section on effects is missing a brief discussion of the importance of NOx as an ozone precursor.
NOx-induced tropospheric ozone effects need not be covered in detail since they have recently
been reviewed as a part of the recent CASAC evaluation of photochemical oxidants.
Nevertheless, the key role that NOx plays as a precursor to ozone in the troposphere must be
highlighted in the ISA.

The ISA would benefit from the addition of a section on the complexity of N and S
biogeochemical cycles and the need to understand all natural and anthropogenic inputs and
outputs to these cycles.

The most readable and best prepared section of the ISA was Section 5 on Findings and
Conclusions. In fact, I recommend that Section 5 be brought forward (at least in part) to be
presented as a summary of the documents key conclusions. Section 5 strikes the right balance
between the beneficial and adverse effects of N deposition that was largely missing within
Section 4. In a lead-off position within the ISA, the Findings and Summary material would
provide the key conclusions from which an interested reader might then search for additional
details and support within the document and its Annexes. All key conclusions within the
Findings and Summary section must include parenthetical references to the pages within the ISA
or appropriate Annex that the reader could look to find justifications for the conclusions.

For continuity with the previous Air Quality Criteria Documents (AQCD) for nitrogen
and sulfur oxides, summary materials from those documents that have not been changed by new
research might be brought forward and used within the ISA. For example, little new information
has become available on the direct effects of NOx and SOx on plant response, but the
quantitative understanding of the generally high ambient concentrations needed to illicit adverse
responses to direct NOx or SOx exposures should be reiterated within the ISA. Section 5
provides the general statements of limited direct effects at current ambient concentrations, but
Section 4 should include an overview of the key data from previous AQCDs in support of those
statements.

When adverse effects are discussed within Section 4 of the ISA they should (where
possible) be referenced to the state of current exposures presented within Section 3. For example,
the authors need to show the reader how to interpret a multi-year experimental exposure to 20 to
>l?0 kg N ha'y ™ in the context of ambient levels that typically are maxed out near 10 kg N ha’

ly— )

The authors have not taken full advantage of the Annexes. By my count Annexes 1 and 2
were cited 7 and 11 times, respectively, but Annexes 3 through 10 were cited only 2,1,1,0, 1,0,0,
and 1 times, respectively. The Annex material should serve as a source of expanded information
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for the reader to highlight key points made within the ISA. In their current form and level-of-use
the Annexes are not helpful to the reader.

References to primary research articles and cross-references to key discussions within the
ISA and Annexes are often left out or ignored. This deficiency must be corrected. I offer some
suggestions in the specific comments listed below.

A limited literature search for nitrogen deposition and impacts research conducted from
1991 through 2008 produced a number of research articles that are not mentioned or evaluated
within the ISA.

As much as possible the authors need to limit the use of subjective statements like
‘maybe’, ‘if’, ‘probably’, ‘possibly....etc’. Rewriting such statements to indicate the true
quantitative nature of the primary research conclusions would be a better approach.

Specific Comments:

Chapter 1
Page 1-2 lines 5 to 22: Add a bullet asking if the form of the current secondary standard
is appropriate for the evaluation of and protection against adverse effects.

Page 1-5 lines 12 to 15: Even though no substantive research has been generated on the
topic of gas phase responses to NOx and SOx since the publication of their most recent
AQCDs, respectively, the ISA should include a brief overview and quantification of the
air concentrations of gaseous forms of N and S necessary to generate adverse responses.

Chapter 2
Page 2-16 line 10: The term sensitive ecosystem is used here prior to it being defined in
the context of the ISA.

Chapter 3
Page 3-11: Section 3.5.1 is inadequately referenced. The authors should either add
references or point to a more detailed discussion within an Annex or to pages within a
previous AQCD where such a discussion can be found. The following references might
be quoted as a demonstration of how HNO3 is incorporated into foliage:
Hanson PJ, Garten CT (1992) Deposition of H NO3 vapor to white oak, red maple and loblolly-pine
foliage -experimental-observations and a generalized-model. New Phytologist 122:329-337.
Garten CT, Schwab AB, Shirshac TL (1998) Foliar retention of N-15 tracers: implications for net
canopy exchange in low-and high-elevation forest ecosystems. FOREST ECOLOGY AND
MANAGEMENT 103: 211-216.
Vose JM, Swank WT (1990) Preliminary estimates of foliar absorption of N-15 labeled nitric-acid
vapor (HNO3) by mature eastern white-pine (Pinus-strobus) CANADIAN JOURNAL OF
FOREST RESEARCH 20:857-860.

Page 3-11: A number of useful references could have been added/cited within this

section. For example:

Ammann M, Siegwolf R, Pichlmayer F, et al. (1999) Estimating the uptake of traffic-derived NO2 from
N-15 abundance in Norway spruce needles. Oecologia 118: 124-131.

Boyce RL, Friedland AJ, Chamberlain CP, et al. (1996) Direct canopy nitrogen uptake from N-15-
labeled wet deposition by mature red spruce. CANADIAN JOURNAL OF FOREST RESEARCH
26: 1539-1547

Nussbaum S, Vonballmoos P, Gfeller H, et al. (1993) Incorporation of atmospheric (NO2)-N-15-
nitrogen into free amino-acids by Norway spruce picea-abies (1) karst. Oecologia 94:408-414.
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Qiao Z, Murray F (1998) Improvement of the N-15 dilution method for estimation of absorption of
NOx by plants supplied with N-15-labelled fertilizer. New Phytologist 138:13-18.

Segschneider HJ, Hutzen H, Forstel H, et al. (1993) Uptake of (NO2)-N-15 and metabolic transfer of
the (NO2)-N-15 nitrogen to various nitrogen fractions of sunflowers. ISOTOPENPRAXIS 29:51-
57.

Vallano DM, Sparks JP (2008) Quantifying foliar uptake of gaseous nitrogen dioxide using enriched
foliar delta N-15 values. New Phytologist 177: 946-???

Vonballmoos P, Nussbaum S, Brunold C (1993) The relationship of nitrate reductase-activity to uptake
and assimilation of atmospheric (NO2)-N-15-nitrogen in needles of norway spruce (Picea-abies
[1] Karst). Isotopenpraxis 29: 59-70.

Page 3-11 lines 24 to 25: A reference is needed for this statement. Perhaps the following:
Hanson PJ, Rott K, Taylor GE, et al. (1989) NOz2 deposition to elements representative of a forest
landscape. Atmospheric Environment 23:1783-1794.

Page 3-12 line 21: A reference is needed for the 1 ppb compensation point quoted here.

Figure 3.6-1: Why is this figure used? Shouldn’t it be a summary of