Assessing Risks to Endangered and Threatened Species from Pesticides

ASSESSING RISKS TO

Endangered and
Threatened Species

FROM

PESTICIDES

Committee on Ecological Risk Assessment under FIFRA and ESA
Board on Environmental Studies and Toxicology
Division on Earth and Life Studies

National Research Council

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, NW Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the councils of
the National Academy of Sciences, the National Academy of Engineering, and the Insti-
tute of Medicine. The members of the committee responsible for the report were chosen
for their special competences and with regard for appropriate balance.

This project was supported by Contract EP-C-09-003 between the National Academy of
Sciences and the U.S. Environmental Protection Agency. Any opinions, findings, conclu-
sions, or recommendations expressed in this publication are those of the authors and do
not necessarily reflect the view of the organizations or agencies that provided support for
this project.

International Standard Book Number-13: 978-0-309-28583-4
International Standard Book Number-10: 0-309-28583-6

Additional copies of this report are available from

The National Academies Press

500 Fifth Street, NW

Box 285

Washington, DC 20055

800-624-6242

202-334-3313 (in the Washington metropolitan area)

http://www.nap.edu

Copyright 2013 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate
that requires it to advise the federal government on scientific and technical matters. Dr.
Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government.
The National Academy of Engineering also sponsors engineering programs aimed at
meeting national needs, encourages education and research, and recognizes the superior
achievements of engineers. Dr. Charles M. Vest is president of the National Academy of
Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination
of policy matters pertaining to the health of the public. The Institute acts under the re-
sponsibility given to the National Academy of Sciences by its congressional charter to be
an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Harvey V. Fineberg is president of the Institute
of Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become
the principal operating agency of both the National Academy of Sciences and the Nation-
al Academy of Engineering in providing services to the government, the public, and the
scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Ralph J. Cicerone and Dr. Charles M. Vest
are chair and vice chair, respectively, of the National Research Council.

www.national-academies.org

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

COMMITTEE ON ECOLOGICAL RISK ASSESSMENT UNDER FIFRA AND ESA

Members

JUpITH E. MCDOWELL (Chair), Woods Hole Oceanographic Institution, MA
H. RESIT AKCAKAYA, Stony Brook University, NY

MARY JANE ANGELO, University of Florida

PATRICK DURKIN, Syracuse Environmental Research Associates, Inc., NY
ANNE FAIRBROTHER, Exponent, Inc., WA

ERiCcA FLEISHMAN, University of California, Davis

DANIEL GOODMAN, Montana State University

WILLIAM L. GRAF, University of South Carolina

PHILIP M. GSCHWEND, Massachusetts Institute of Technology

BRruUCE K. HopPgE, CH2M HILL, OR

GERALD A. LEBLANC, North Carolina State University

THOMAS P. QUINN, University of Washington

NU-MAY RUBY REED (retired), California Environmental Protection Agency

Staff

ELLEN K. MANTUS, Project Codirector

DAVID POLICANSKY, Project Codirector

KERI STOEVER, Research Associate

NORMAN GROSSBLATT, Senior Editor

MIRSADA KARALIC-LONCAREVIC, Manager, Technical Information Center
RADIAH ROSE, Manager, Editorial Projects

CRAIG PHILIP, Senior Program Assistant

Sponsors

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF AGRICULTURE

U.S. ENVIRONMENTAL PROTECTION AGENCY

U.S. FISH AND WILDLIFE SERVICE

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY'

Members

ROGENE F. HENDERSON (Chair), Lovelace Respiratory Research Institute,
Albuquerque, NM

PRAVEEN AMAR, Clean Air Task Force, Boston, MA

MICHAEL J. BRADLEY, M.J. Bradley & Associates, Concord, MA

JONATHAN Z. CANNON, University of Virginia, Charlottesville

GAIL CHARNLEY, HealthRisk Strategies, Washington, DC

FRANK W. DAVIS, University of California, Santa Barbara

CHARLES T. DRISCOLL, JR., Syracuse University, New York

LYNN R. GOLDMAN, George Washington University, Washington, DC

LINDA E. GREER, Natural Resources Defense Council, Washington, DC

WILLIAM E. HALPERIN, University of Medicine and Dentistry of
New Jersey, Newark

STEVEN P. HAMBURG, Environmental Defense Fund, New York, NY

ROBERT A. HIATT, University of California, San Francisco

PHILIP K. HOPKE, Clarkson University, Potsdam, NY

SAMUEL KACEW, University of Ottawa, Ontario

H. ScoTT MATTHEWS, Carnegie Mellon University, Pittsburgh, PA

THOMAS E. MCKONE, University of California, Berkeley

TERRY L. MEDLEY, E.I. du Pont de Nemours & Company, Wilmington, DE

JANA MILFORD, University of Colorado at Boulder, Boulder

RICHARD L. POIROT, Vermont Department of Environmental
Conservation, Waterbury

MARK A. RATNER, Northwestern University, Evanston, IL

KATHRYN G. SESSIONS, Health and Environmental Funders Network, Bethesda, MD

JOYCE S. TsuJ1, Exponent Environmental Group, Bellevue, WA

Senior Staff

JAMES J. REISA, Director

DAVID J. POLICANSKY, Scholar

RAYMOND A. WASSEL, Senior Program Officer for Environmental Studies
ELLEN K. MANTUS, Senior Program Officer for Risk Analysis

SUSAN N.J. MARTEL, Senior Program Officer for Toxicology

EILEEN N. ABT, Senior Program Officer

MIRSADA KARALIC-LONCAREVIC, Manager, Technical Information Center
RADIAH ROSE, Manager, Editorial Projects

'"This study was planned, overseen, and supported by the Board on Environmental
Studies and Toxicology.

Vi

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

OTHER REPORTS OF THE
BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY

Science for Environmental Protection: The Road Ahead (2012)

Exposure Science in the 21st Century: A Vision and A Strategy (2012)

A Research Strategy for Environmental, Health, and Safety Aspects of Engineered
Nanomaterials (2012)

Macondo Well-Deepwater Horizon Blowout: Lessons for Improving Offshore
Drilling Safety (2012)

Feasibility of Using Mycoherbicides for Controlling Illicit Drug Crops (2011)

Improving Health in the United States: The Role of Health Impact
Assessment (2011)

A Risk-Characterization Framework for Decision-Making at the Food and Drug
Administration (2011)

Review of the Environmental Protection Agency’s Draft IRIS Assessment of
Formaldehyde (2011)

Toxicity-Pathway-Based Risk Assessment: Preparing for Paradigm Change (2010)

The Use of Title 42 Authority at the U.S. Environmental Protection Agency (2010)

Review of the Environmental Protection Agency’s Draft IRIS Assessment of
Tetrachloroethylene (2010)

Hidden Costs of Energy: Unpriced Consequences of Energy Production and
Use (2009)

Contaminated Water Supplies at Camp Lejeune—Assessing Potential Health
Effects (2009)

Review of the Federal Strategy for Nanotechnology-Related Environmental,
Health, and Safety Research (2009)

Science and Decisions: Advancing Risk Assessment (2009)

Phthalates and Cumulative Risk Assessment: The Tasks Ahead (2008)

Estimating Mortality Risk Reduction and Economic Benefits from Controlling
Ozone Air Pollution (2008)

Respiratory Diseases Research at NIOSH (2008)

Evaluating Research Efficiency in the U.S. Environmental Protection Agency (2008)

Hydrology, Ecology, and Fishes of the Klamath River Basin (2008)

Applications of Toxicogenomic Technologies to Predictive Toxicology and Risk
Assessment (2007)

Models in Environmental Regulatory Decision Making (2007)

Toxicity Testing in the Twenty-first Century: A Vision and a Strategy (2007)

Sediment Dredging at Superfund Megasites: Assessing the Effectiveness (2007)

Environmental Impacts of Wind-Energy Projects (2007)

Scientific Review of the Proposed Risk Assessment Bulletin from the Office of
Management and Budget (2007)

Assessing the Human Health Risks of Trichloroethylene: Key Scientific
Issues (2006)

New Source Review for Stationary Sources of Air Pollution (2006)

Human Biomonitoring for Environmental Chemicals (2006)

Vil

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

Health Risks from Dioxin and Related Compounds: Evaluation of the EPA
Reassessment (2006)

Fluoride in Drinking Water: A Scientific Review of EPA’s Standards (2006)

State and Federal Standards for Mobile-Source Emissions (2006)

Superfund and Mining Megasites—Lessons from the Coeur d’Alene River
Basin (2005)

Health Implications of Perchlorate Ingestion (2005)

Air Quality Management in the United States (2004)

Endangered and Threatened Species of the Platte River (2004)

Atlantic Salmon in Maine (2004)

Endangered and Threatened Fishes in the Klamath River Basin (2004)

Cumulative Environmental Effects of Alaska North Slope Oil and Gas
Development (2003)

Estimating the Public Health Benefits of Proposed Air Pollution Regulations (2002)

Biosolids Applied to Land: Advancing Standards and Practices (2002)

The Airliner Cabin Environment and Health of Passengers and Crew (2002)

Arsenic in Drinking Water: 2001 Update (2001)

Evaluating Vehicle Emissions Inspection and Maintenance Programs (2001)

Compensating for Wetland Losses Under the Clean Water Act (2001)

A Risk-Management Strategy for PCB-Contaminated Sediments (2001)

Acute Exposure Guideline Levels for Selected Airborne Chemicals (fourteen
volumes, 2000-2013)

Toxicological Effects of Methylmercury (2000)

Strengthening Science at the U.S. Environmental Protection Agency (2000)

Scientific Frontiers in Developmental Toxicology and Risk Assessment (2000)

Ecological Indicators for the Nation (2000)

Waste Incineration and Public Health (2000)

Hormonally Active Agents in the Environment (1999)

Research Priorities for Airborne Particulate Matter (four volumes, 1998-2004)

The National Research Council’s Committee on Toxicology: The First 50
Years (1997)

Carcinogens and Anticarcinogens in the Human Diet (1996)

Upstream: Salmon and Society in the Pacific Northwest (1996)

Science and the Endangered Species Act (1995)

Wetlands: Characteristics and Boundaries (1995)

Biologic Markers (five volumes, 1989-1995)

Science and Judgment in Risk Assessment (1994)

Pesticides in the Diets of Infants and Children (1993)

Dolphins and the Tuna Industry (1992)

Science and the National Parks (1992)

Human Exposure Assessment for Airborne Pollutants (1991)

Rethinking the Ozone Problem in Urban and Regional Air Pollution (1991)

Decline of the Sea Turtles (1990)

Copies of these reports may be ordered from the National Academies Press
(800) 624-6242 or (202) 334-3313
www.nap.edu

Viii

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

Preface

Under the US Endangered Species Act (ESA), the Fish and Wildlife Ser-
vice (FWS) and the National Marine Fisheries Service (NMFS) are responsible
for designating species as endangered or threatened (that is, listing species) and
determining whether federal actions might jeopardize the continued existence of
a listed species or adversely affect its critical habitat. Under the Federal Insecti-
cide, Fungicide, and Rodenticide Act (FIFRA), the US Environmental Protec-
tion Agency (EPA) is responsible for registering pesticides and ensuring that
pesticides do not cause unreasonable adverse effects on the environment, which
includes listed species and their critical habitats. Over the years, EPA, FWS, and
NMFS have struggled unsuccessfully to reach a consensus on approaches to
assessing the risks to listed species. Consequently, EPA, FWS, NMFS, and the
US Department of Agriculture (USDA) asked the National Research Council to
examine scientific and technical issues related to determining risks to species
that are listed under the ESA posed by pesticides that are registered under
FIFRA.

In this report, the Committee on Ecological Risk Assessment under FIFRA
and ESA first provides a common approach that EPA, FWS, and NMFS could use
to conduct assessments. It then discusses models, data, and uncertainties associat-
ed with exposure analysis and addresses various issues associated with assessing
the effects of pesticides on listed species, including evaluating sublethal, indirect,
and cumulative effects; modeling population-level effects; considering the effects
of chemical mixtures; and incorporating uncertainties into the effects analysis. The
committee closes by discussing the risk-characterization process and the need to
propagate uncertainty through all components of the assessment so that decision-
makers are well informed regarding the risk estimates produced.

The present report has been reviewed in draft form by persons chosen for
their diverse perspectives and technical expertise in accordance with procedures
approved by the National Research Council Report Review Committee. The
purpose of the independent review is to provide candid and critical comments
that will assist the institution in making its published report as sound as possible
and to ensure that the report meets institutional standards of objectivity, evi-
dence, and responsiveness to the study charge. The review comments and draft
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manuscript remain confidential to protect the integrity of the deliberative pro-
cess. We thank the following for their review of this report: Steven Bartell,
Cardno ENTRIX; May Berenbaum, University of Illinois; Nancy Bryson, Hol-
land & Hart, LLP; Francesca Dominici, Harvard School of Public Health; Scott
Ferson, Applied Biomathematics; Robert Gilliom, National Water Quality As-
sessment Program, USGS; Tilghman Hall, Bayer CropScience; Jeffrey Jenkins,
Oregon State University; Andreas Kortenkamp, Brunel University; Bernalyn
McGaughey, Compliance Services International; Anke Mueller-Solger, Califor-
nia Delta Stewardship Council; Terrance Quinn, University of Alaska Fairbanks;
Joseph Rodricks, ENVIRON; Kenneth Rose, Louisiana State University; and
Janet Silbernagel, University of Wisconsin, Madison.

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations, nor did they see the final draft of the report before its release.
The review of the report was overseen by the review coordinator, Danny Reible,
The University of Texas at Austin, and the review monitor, Michael Ladisch,
Purdue University. Appointed by the National Research Council, they were re-
sponsible for making certain that an independent examination of the report was
carried out in accordance with institutional procedures and that all review com-
ments were carefully considered. Responsibility for the final content of the re-
port rests entirely with the committee and the institution.

One committee member, Daniel Goodman, disagreed with the committee
on several points and prepared a dissenting statement that was included as an
appendix in the draft report that was submitted to peer reviewers. The report has
been substantially revised in response to reviewer comments, and many issues
raised by Dr. Goodman have been addressed with changes to the report. Howev-
er, Dr. Goodman passed away while the report was in review, so determining
how he would have judged the revised report is not possible. Accordingly, his
dissenting statement has not been included in this final report; however, it is
available in the public access file.

The committee gratefully acknowledges the following for their presenta-
tions to the committee during open sessions: Ann Bartuska, David Epstein, and
Harold Thistle, USDA; Steven Bradbury and Edward Odenkirchen, EPA; Aimee
Code, Northwest Center for Alternatives to Pesticides; Nancy Golden, FWS;
Christian Grue, University of Washington; Barbara Harper, Confederated Tribes
of the Umatilla Indian Reservation; Scott Hecht and Nathaniel Scholz, National
Oceanic and Atmospheric Administration; Jeffrey Jenkins, Oregon State Uni-
versity; Steve Mashuda, Earthjustice; Bernalyn McGaughey, Compliance Ser-
vices International; John Stark, Washington State University; and Mike Willett,
Northwest Horticultural Council. The committee members also thank the staff of
EPA, FWS, and NMFS for being so helpful in answering their numerous ques-
tions throughout the study process. It especially thanks Jim Cowles, formerly of
the Washington State Department of Agriculture, and Scott McMurry, Oklaho-
ma State University, for their useful input in the early deliberations of this study.
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The committee is grateful for the assistance of the National Research
Council staff in preparing this report. Staff members who contributed to the ef-
fort are Ellen Mantus and David Policansky, project codirectors; Keri Stoever,
research associate; James Reisa, director of the Board on Environmental Studies
and Toxicology; Norman Grossblatt, senior editor; Mirsada Karalic-Loncarevic,
manager of the Technical Information Center; Radiah Rose, manager of editorial
projects; and Craig Philip, senior program assistant.

I especially thank the members of the committee for their efforts through-
out the development of this report.

Judith E. McDowell, Chair

Committee on Ecological Risk
Assessment Under FIFRA and ESA
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Dedication

This report is dedicated to Dr. Daniel Goodman (1945-2012), who served
on the committee that authored this report until November 14, 2012, when he
passed away unexpectedly. Dr. Goodman was professor and director of the En-
vironmental Statistics Group in the Department of Ecology at Montana State
University in Bozeman, where he had been on the faculty since 1980. Dr.
Goodman provided advice to several federal agencies, including NOAA and
EPA, and had served as a report reviewer for the NRC before becoming a mem-
ber of this committee. The committee and the NRC are grateful for his service
and his contributions.
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Summary

Under the Endangered Species Act (ESA), the US Fish and Wildlife Service
(FWS) and the National Marine Fisheries Service (NMFS)—herein called the Ser-
vices—are responsible for listing species as endangered or threatened and for des-
ignating critical habitats that are essential for their conservation. Furthermore, in
consultation with the Services, federal agencies must ensure that their actions are
not likely to jeopardize listed species or adversely affect critical habitats. Under
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), the US Envi-
ronmental Protection Agency (EPA) is responsible for registering or reregistering
pesticides and must ensure that pesticide use does not cause any unreasonable
adverse effects on the environment, which is interpreted to include listed species
and their critical habitats. The agencies have developed their own approaches to
evaluating environmental risk, and their approaches differ because their respon-
sibilities, institutional cultures, and expertise differ. Over the years, the agencies
have tried to resolve their differences but have been unsuccessful in reaching a
consensus regarding their assessment approaches. As a result, FWS, NMFS,
EPA, and the US Department of Agriculture asked the National Research Coun-
cil (NRC) to examine scientific and technical issues related to determining risks
posed to listed species by pesticides. Specifically, the NRC was asked to evalu-
ate methods for identifying the best scientific data available; to evaluate ap-
proaches for developing modeling assumptions; to identify authoritative geospa-
tial information that might be used in risk assessments; to review approaches for
characterizing sublethal, indirect, and cumulative effects; to assess the scientific
information available for estimating effects of mixtures and inert ingredients;
and to consider the use of uncertainty factors to account for gaps in data. The
present report, which was prepared by the NRC Committee on Ecological Risk
Assessment under FIFRA and ESA, is the response to that request.

THE FEDERAL INSECTICIDE, FUNGICIDE, AND
RODENTICIDE ACT AND THE ENDANGERED SPECIES ACT

FIFRA is the federal statute that governs the sale, distribution, and use of
pesticides in the United States; it assigns EPA the authority to issue pesticide
registrations or reregistrations, which are required for use of the pesticides. To
obtain a registration, an applicant must demonstrate that a pesticide will perform

3
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its intended function and will not cause unreasonable adverse environmental
effects. Once granted, the registration requires that the pesticide be labeled with
specific product information, directions for use, and hazard information; the
label specifies legal use of the pesticide.

The ESA is the federal statute that assigns FWS and NMFS the authority
to designate species as threatened or endangered—that is, to “list” species—and
governs the activities that might affect listed species. Under the ESA, federal
agencies must ensure that their actions do not harm listed species or jeopardize
their existence. Accordingly, if EPA is deciding whether to register a pesticide,
it must determine whether the action “may affect” a listed species. If the answer
is yes, EPA has the option of initiating a formal consultation or conducting fur-
ther analysis to determine whether the action is “likely to adversely affect” listed
species. If EPA determines that the action is not likely to affect listed species
adversely—and FWS or NMFS, as appropriate, agrees—no further consultation
is required. However, if EPA determines that the action is likely to affect a listed
species adversely, a formal consultation is required, and FWS or NMFS must
determine whether the proposed action is likely to jeopardize the existence of
the listed species. The product of that determination is called a biological opin-
ion (BiOp) and is issued by FWS or NMFS.

Compliance with the ESA in registering pesticides creates some challeng-
es. First, pesticides are intended to harm target organisms and are intentionally
released into the environment. Other species that are in an area where a pesticide
is applied could be exposed to and harmed by the pesticide. Second, FIFRA re-
quires that EPA must determine before registering a pesticide that the use of the
pesticide will not cause an unreasonable adverse effect on the environment, tak-
ing into account economic and social benefits associated with its use. That is,
EPA weighs the costs to human health and the environment that could result
from pesticide use against social and economic benefits, such as the benefits of
mitigating disease vectors and reducing crop damage. The ESA prohibits jeop-
ardizing listed species or adversely affecting their critical habitats but does not
generally consider economic and social costs and benefits. Third, FIFRA creates
a national registration process in which pesticides are registered on a nationwide
basis, but the ESA calls for evaluating effects on specific species and their criti-
cal habitats and thus is geographically and temporally focused. The differences
between the statutes have led to conflicting approaches in evaluating risks and
have contributed to the current inability to reach consensus on assessing risks to
listed species from pesticides.

A COMMON APPROACH

Compliance with the ESA in the context of pesticide registration requires
EPA and the Services to determine the probability of adverse effects on listed
species and their critical habitat when a pesticide is used according to its label
requirements. Clearly, there are tensions among the agencies in making that de-
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termination, many of which seem to result from different assumptions, technical
approaches (data and models used), and risk-calculation methods. What is need-
ed is a common, scientifically credible approach that is acceptable to EPA and
the Services. The committee concludes that the risk-assessment paradigm that
traces its origins to the seminal NRC report Risk Assessment in the Federal
Government: Managing the Process' and more recently to the NRC report Sci-
ence and Decisions: Advancing Risk Assessment’ provides such an approach.
After 30 years of use and refinement, this risk-assessment paradigm has become
scientifically credible, transparent, and consistent; can be reliably anticipated by
all parties involved in decisions regarding pesticide use; and clearly articulates
where scientific judgment is required and the bounds within which such judg-
ment can be applied. The process is used for human-health and ecological risk
assessments and is used broadly throughout the federal government. Thus, the
committee concludes that the risk-assessment paradigm reflected in the ecologi-
cal risk assessment (ERA) process is singularly appropriate for evaluating risks
posed to ecological receptors, such as listed species, by chemical stressors, such
as pesticides.

Figure S-1 shows the three major steps in the ESA process in connection
with the ERA framework. As illustrated in the figure, the framework is the same
at each step, but the contents of each element (problem formulation, exposure
and effects analysis, and risk characterization) are expected to change as the
focus shifts from assessing whether a pesticide “may affect” a listed species
(Step 1) to whether it is “likely to adversely affect” a listed species (Step 2) to
whether it is likely to jeopardize the continued existence of a listed species (Step
3). That is, the assessment becomes more focused and specific to the chemicals,
species, and habitats of concern as it moves from Step | to Step 3. If the Ser-
vices can build on the EPA assessment conducted for Steps 1 and 2 rather than
conducting a completely new analysis for Step 3, the ERA will likely be more
effective and scientifically credible. Although the committee does not expect the
basic risk-assessment framework to change, it recognizes that risk-assessment
approaches and methods for determining, for example, what is hazardous, what
concentration or quantity is hazardous, what end points constitute an adverse
effect, and when, where, and how much exposure is occurring will continue to
evolve.

Given the changing scope of the ERA process from Step 1 to Step 3, EPA
and the Services need to coordinate to ensure that their own technical needs are
met. One approach is to use problem formulation, conducted as part of the ERA
process, as an effective means for agencies to coordinate and reach agreement

'NRC (National Research Council). 1983. Risk Assessment in the Federal Govern-
ment: Managing the Process. Washington, DC: National Academy Press.

INRC (National Research Council). 2009. Science and Decisions: Advancing Risk
Assessment. Washington, DC: National Academies Press.
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on many of the key technical issues involved in assessing risks posed to listed
species by pesticides. Another approach would be to use technical working
groups that address technical details of the assessment approach and other work-
ing groups to address policy-based issues. Regardless of the approach, the com-
mittee views coordination among EPA and the Services as a collegial exchange
of technical and scientific information for the purpose of producing a complete
and representative assessment of risk that includes a discussion on the types and
depths of analyses needed for the decision and on the time and resources availa-
ble.

BEST DATA AVAILABLE

One of the critical tasks in any risk assessment is to identify the data that
will be used. The ESA directs the Services to conduct assessments on the basis
of the “best scientific and commercial data available.” However, the ESA, its
legislative history, the rules and policies of the Services, and court cases contain
little guidance for elaborating the meaning of that mandate, and the agencies do
not appear to have formal protocols that define “best data available.” Conse-
quently, there have been some conflicts about what data to include in the as-
sessments. EPA and the Services do have information-quality guidelines, and
each appears to use assessment factors that include data-quality and data-
relevance criteria.

Regardless of the breadth of the data collection, some guidelines—such as
those listed below—need to be followed in identifying and selecting data for a
credible assessment.

o Document the strategy for all data searches and retrieval. For example,
if a repository database is searched, the date that the search was conducted and
all search terms and search criteria should be documented. The content and
scope of the repository, its criteria for inclusion and exclusion of data, the perio-
dicity of its updates, and its quality-control measures also should be document-
ed.

o To ensure that the best data available are used, screen the data first for
relevance.’ Information that is not relevant clearly should not be used in as-
sessing risk. Data should be from studies of the species and chemicals being
assessed, or there should be a reasonable theoretical basis for data extrapolation.
The data should also be applicable to the locations being considered and should
be recent.

o Review the quality of the relevant data before they are used in a risk
assessment.* Sufficient information should be included to enable an independent

*Relevance refers to the applicability of the data for the intended purpose.
*Quality refers to the scientific adequacy of the design and execution of data collec-
tion, the analyses that use the data, and the data reporting.

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

8 Assessing Risks to Endangered and Threatened Species from Pesticides

evaluation of data quality. Data sources that lack sufficient details for adequate
scientific evaluation—such as poster presentations, abstracts, anecdotal or per-
sonal communications, and secondary sources—might provide useful back-
ground knowledge or support an overall weight-of-evidence evaluation but
should not be the sole basis of conclusions in an assessment.

o For transparency, document the evaluation of all data used with par-
ticular attention to sources, relevance, and quality and describe any issues as-
sociated with those data attributes in the discussion of uncertainty in the risk
characterization.

Given that various stakeholders are aware of and can provide relevant and
high-quality data, the committee encourages provision for their involvement in
the early stages and throughout the risk-assessment process. The committee
notes that stakeholder data are expected to meet the same standards of relevance
and quality as all other data.

EXPOSURE

Exposure analysis is a principal component of ERA and involves estimat-
ing the concentrations of various chemicals released into the environment and
their breakdown products of toxicological significance. The following sections
discuss exposure-modeling practices and the criteria for authoritative geospatial
data and highlight the committee’s conclusions on those topics.

Exposure-Modeling Practices

To determine whether a pesticide will adversely affect or jeopardize the
existence of a listed species or its critical habitat, one must estimate the concen-
tration to which the species might be exposed or the concentration that might
result in the ecosystem. To accomplish that task, chemical fate and transport
models are used. Because the pathways by which pesticides move from their
points of application to habitats of listed species can involve a complex se-
quence of transfers with diverse degradation processes, it is common to use a
linked series of models to estimate exposure.

The committee acknowledges that the models used for exposure analyses
have several strengths but emphasizes that a model’s limitations need to be rec-
ognized and the model used in the appropriate context. As noted above, the
committee has suggested a common approach that involves more refined and
sophisticated modeling and analysis as one moves from Step 1 to Step 3 in the
ESA process. Given the current practices in exposure analysis and the need to
estimate pesticide exposures and the associated spatial-temporal variations expe-
rienced by listed species and their habitats, the committee envisions the follow-
ing stepwise approach to exposure modeling.
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o Step 1 (EPA). Initial exposure modeling would answer the question, Do
the areas where the pesticide will be used overlap spatially with the habitats of
any listed species? The Services, which have extensive knowledge of the natural
history of listed species, could help EPA to identify overlaps of areas where a
pesticide might be used and the habitats of listed species.

o Step 2 (EPA). If area overlaps are identified in Step 1, EPA would con-
fer with the Services to identify relevant environmental compartments (water,
soil, air, and biota), associated characteristics, and critical times or seasons in
which environmental exposure concentrations need to be estimated. If the mod-
els indicate that substantial amounts of pesticides move off the application site
and into the surrounding ecosystems, more sophisticated fate and transport pro-
cesses could be used. At that point, the fate model could be simplified to remove
processes that are unimportant in the specific regions where the listed species
are and set up to estimate time-varying and space-varying pesticide concentra-
tions in typical habitats with associated uncertainties. On the basis of the model-
ing results, EPA could then make a decision about the need for formal consulta-
tion with the Services.

e Step 3 (Services). During a formal consultation, the Services would fur-
ther refine the exposure models to develop quantitative estimates of pesticide
concentrations and their associated distributions for the particular listed species
and their habitats. To that end, the models would use site-specific input values,
such as actual pesticide application rates, locally relevant geospatial data, and
time-sensitive life stages of listed species.

The committee emphasizes that many parameters are used in chemical fate
and transport models, and their accuracy is important ultimately to the concen-
trations estimated in the modeling efforts. Little effort has been expended in
evaluating the data inputs relevant to particular ESA evaluations. Therefore, if
the agencies want to obtain more accurate modeling results, a subset of case-
specific exposure estimates should be evaluated by pursuing a measurement
campaign specifically coordinated with several pesticide field applications. The
committee notes that field studies need to be distinguished from general moni-
toring studies. General monitoring studies provide information on pesticide con-
centration on the basis of monitoring of specific locations at specific times and
are not associated with specific applications of pesticides under well-described
conditions. Therefore, general monitoring data cannot be used to estimate pesti-
cide concentrations after a pesticide application or to evaluate the performance
of fate and transport models.

Geospatial Data, Habitat Delineation, and Exposure Analysis
Habitat includes all environmental attributes present in an area that allow

an organism to survive and reproduce, and habitat delineation is necessary for
determining where a pesticide and a species might co-occur, for calculating spa-
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tially explicit estimates of pesticide exposure, and for specifying the spatial
structure of population models used in effects analysis (see below). Several
methods for identifying and statistically modeling associations between species
and their environment exist; although some caveats and uncertainties are associ-
ated with them, quantitative statistical habitat delineation is typically objective
and more reliable than qualitative and subjective habitat descriptions.

The accuracy and reliability of habitat delineation and exposure analysis
are increased substantially by the use of authoritative geospatial data. To be con-
sidered authoritative, geospatial data on any scale need to meet three criteria:
availability from a widely recognized and respected source, public availability,
and inclusion of metadata’ that are consistent with the standards of the National
Spatial Data Infrastructure—a federal interagency program to organize and
share spatial data and to ensure their accuracy. The geospatial data that are most
useful for delineating habitat and estimating exposure are data on topography,
hydrography, meteorology, solar radiation, soils, geology, and land cover. Table
S-1 provides some examples of authoritative sources of those data. In many cas-
es, there are multiple authoritative sources for each type of data on different spa-
tial and temporal scales. Although it would be ideal to be able to identify specif-
ic authoritative sources, no one source will be best for all habitat delineations,
exposure analyses, or other applications. However, accuracy assessments that
generally are available for authoritative data sources might allow one to gauge
which source is likely to be the most reliable for a particular objective.

EFFECTS

Pesticides are designed to have biological activity; specifically, they are
“intended for preventing, destroying, repelling or mitigating” pests. Consequent-
ly, they have the potential to cause a variety of effects on nontarget organisms,
including listed species. Determining the potential for and possible magnitude of
effects is a process known as effects analysis. The following sections consider
various topics on effects analysis as they are related to the committee’s task and
highlight the committee’s conclusions on the topics.

Sublethal, Indirect, and Cumulative Effects

Pesticides can kill organisms but can also affect reproduction or growth or
make organisms less competitive. Although EPA and the Services agree that
those sublethal (less-than-lethal) effects should be considered in the assessment
process, they disagree on the extent to which they can be included. To address

SMetadata document the fundamental attributes of data, such as who collected them,
when and where they were collected, what variables were measured, how and in what
units measurements were taken, and the coordinate system used to identify locations.
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that issue, the committee first considered how to define objectively the degree to
which observed effects are adverse. Defining adversity is essential for ERA be-
cause the mere existence of an effect is not sufficient to conclude that it is ad-
verse. The committee concluded that the only way to determine whether an ef-
fect is adverse and how adverse it might be is to assess the degree to which it
affects an organism’s survival and reproductive success; any effect that results
in a change in either survival or reproduction is relevant to the assessment, and
any effect that does not change either outcome is irrelevant with respect to a
quantitative assessment of population effects. Thus, EPA in Step 2 (see Figure
S-1) should conduct a broad search to identify sublethal effects of pesticides and
any information on concentration-response relationships. In Step 3, the Services
should then show how such effects change probability of survival or reproduc-
tion of the listed species and incorporate such information into the population
viability analyses or state that such relationships are unknown but possible and
include a qualitative discussion in the uncertainty section of the BiOp. The ina-
bility to quantify the relationship between a sublethal effect and survival or re-
productive success does not mean that the sublethal effect has no influence on
population persistence; but in the absence of data, the relationship remains a
hypothesis that can be discussed only qualitatively with reference to the scien-
tific literature to explain why such a hypothesis is tenable.

TABLE S-1 Examples of Authoritative Sources of Geospatial Data
Data Type Examples of Authoritative Data Sources

Topography Topographic features can be derived from elevation data in the National
Elevation Dataset, the Shuttle Radar Topography Mission, and the
Global Digital Elevation Map.

Hydrography Watershed data are available on line from EPA; watersheds are referred
to by hydrologic unit codes of the US Department of Agriculture
Natural Resources Conservation Service.

Meteorology Data are available from the National Oceanographic and Atmospheric
Administration National Climatic Data Center.

Solar radiation Solar-radiation data are available from the National Aeronautics and
Space Administration Earth Observing System Solar Radiation and
Climate Experiment;” solar insolation can be estimated by using the on-
line calculator of the Photovoltaic Education Network.

Soils Soil surveys are available from the US Department of Agriculture
Natural Resources Conservation Service.

Geology Geological data are available from the US Geological Survey Mineral
Resources Online Spatial Data.

Land cover Land-cover data are available from the National Agricultural Statistics
Service.

“Solar-radiation measurements are taken at the top of Earth’s atmosphere. Computer
modeling is required to estimate solar radiation at Earth’s surface.
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In most cases, pesticides have the potential to affect a listed species indi-
rectly—not through direct exposure but through effects on other species in the
community. For example, the prey of a listed species might be reduced in abun-
dance or eliminated by the pesticide, and this would affect the survival of the
species. As in the case of sublethal effects, EPA and the Services differ about
the degree to which indirect effects can be included in an assessment. The com-
mittee recommends that indirect effects that can be quantified relatively easily
be incorporated into the effects analysis. However, determining and quantifying
most indirect effects can be challenging and can require complex models. When
such modeling is conducted, uncertainties should be estimated quantitatively in
a realistic and scientifically defensible manner and should be propagated formal-
ly and explicitly through the analysis.

A risk assessor must also consider cumulative effects. They are defined by
regulation under the ESA as “those effects of future State or private activities,
not involving Federal activities that are reasonably certain to occur within the
action area of the Federal action subject to consultation” (50 CFR 402.02).
However, cumulative effects typically are more broadly defined as effects that
interact or accumulate over time and space. The committee could not determine
a scientific basis for excluding past and present conditions (the environmental
baseline) from the consideration of cumulative effects and therefore used that
broad definition in its evaluation. The committee concluded that population
models provide a framework for incorporating baseline conditions and projected
future cumulative effects into an effects analysis.

One problem that arises in an effects analysis is how to extrapolate toxici-
ty information on tested species to listed species. Although the idea of identify-
ing an appropriate surrogate species is appealing, the committee finds such iden-
tification problematic because different species often respond differently to
chemical exposures, and the sensitivity differences can be large. Furthermore,
different life histories can complicate the extrapolation. A scientifically defensi-
ble alternative approach is to define a range of sensitivities within which the
sensitivity of a listed species could reasonably be expected to occur or a range of
sensitivities that could be used to make reasoned extrapolations from infor-
mation on species that have been tested by using inferences based on other
chemicals. Further details are provided in Chapter 4 of this report.

Effects Models

EPA and the Services use different approaches to determine the potential
effects of a pesticide on a listed species and its critical habitat. EPA addresses
population effects simply as extensions of individual effects: if survival or re-
production is affected, EPA assumes population-level consequences and enters
consultation with the Services. The Services use population models to address
the question of population persistence explicitly. Population models are used to
estimate population-level end points—such as population growth rate, probabil-
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ity of population survival (population viability), and probability of population
recovery—on the basis of individual-level effects. For purposes of population
modeling, the effects must be estimated at a range of concentrations that in-
cludes all values that the populations being assessed might plausibly experience.
Therefore, test results expressed only as threshold values, such as a no-
observed-adverse-effect level or a lowest observed-adverse-effect level, are in-
sufficient for a population-level risk assessment.

Because the ESA is concerned with species, population models are neces-
sary for quantifying the effects of pesticides on populations of listed species.
Population models require three basic inputs: changes in survival or reproduc-
tion as a function of pesticide concentration, exposure estimates of pesticide
concentration over time and space, and demographic and life-history infor-
mation. There are a variety of population models, and the choice of a model will
depend on the data available. Although species-specific models that incorporate
all three inputs are preferred, in the absence of detailed demographic infor-
mation it is reasonable to use simple generic models that characterize the life
history of a group of species to estimate the effects of a pesticide on a given
species. It is important to incorporate density dependence by using models with
parameter values that are functions of population density or population size, but
it is not accurate to assume that mortality due to pesticide exposure will be com-
pensated for by density dependence because it is likely that such exposure will
decrease the growth rate of the population at all densities and generally depress
the curve of population size vs growth rate.

MIXTURES: AN IMPORTANT CONCERN FOR
EXPOSURE AND EFFECTS ANALYSIS

Assessing the risks posed by exposure to mixtures is clearly a subject of
disagreement and concern for the agencies. To address the mixture issue, the
committee made several distinctions. First, some pesticides might contain more
than one active ingredient (a chemical that is responsible for the biological effect
of the pesticide); most pesticides contain other chemicals that are typically des-
ignated as “inerts.”® Second, pesticides are often mixed with other chemicals
before their application. The resulting mixtures are referred to as tank mixture
and can contain other pesticides, fertilizers, and adjuvants—materials that facili-
tate handling and application, such as surfactants, compatibility agents, anti-
foaming agents, and drift-control agents. Third, chemicals from other sources
are already in the environment; unless exposure occurs only at or near the point
of pesticide application, species are more likely to be exposed to environmental
mixtures than to a single pesticide formulation or tank mixture. Environmental

SThe term inerts is defined by FIFRA as an ingredient that is not active. Inerts are in-
tentionally added to pesticide products, and the term does not mean that the chemicals are
nontoxic.
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mixtures are formed when a tank mixture—active ingredients, inerts, and adju-
vants—combines with other chemicals in the environment from other sources.
Ideally, assessments should be based on exposure to all pesticide components
and to other chemicals that are present in the exposure environment. However,
quantitative estimates of exposure to environmental mixtures are difficult given
the dynamic state of environmental mixtures over space and time. In any given
location, the amounts of pesticide active ingredients, inerts, adjuvants, and other
environmental chemicals are highly variable and depend on pesticide uses and
other sources of environmental contamination.

EPA recognizes the potential importance of exposure to mixtures but typi-
cally assesses only pesticide active ingredients. The Services have expressed
substantial concern about the need to account for mixture exposure but have
dealt with the issue only with a qualitative discussion in their assessments. The
greatest concern is that a mixture component might act to enhance the toxicity of
a pesticide active ingredient. The committee notes that a quantitative assessment
of the risk posed by chemical mixtures requires extensive data, including data on
the identity, concentration, and toxicity of mixture components. Challenges in
assessing risk to listed species posed by pesticide-containing mixtures arise
largely because of the lack of such data and the lack of understanding of the
potential for interactions among mixture components. In the absence of such
quantitative data, the possible contribution of specific mixture components to
the toxicity of a pesticide active ingredient cannot be incorporated into a quanti-
tative risk assessment. The committee, however, emphasizes that the complexity
of assessing the risk posed by chemical mixtures should not paralyze the pro-
cess, and it provides guidelines in Chapter 4 of its report to help in determining
when and how to consider components other than a pesticide active ingredient in
a risk assessment.

RISK CHARACTERIZATION AND UNCERTAINTY

Risk characterization is the final stage of a risk assessment in which the
results of the exposure and effects analyses are integrated to provide decision-
makers with a risk estimate and its associated uncertainty. Two general ap-
proaches have been used for risk characterization: the risk-quotient (RQ) ap-
proach, which compares point estimates of exposure and effect values, and the
probabilistic approach, which evaluates the probability that exposure to a chem-
ical will lead to a specified adverse effect at some future time.

The RQ approach does not estimate risk—the probability of an adverse ef-
fect—itself but rather relies on there being a large margin between a point esti-
mate that is derived to maximize a pesticide’s environmental concentration and
a point estimate that is derived to minimize the concentration at which a speci-
fied adverse effect is not expected. If the results raise doubts regarding the pos-
sibility of an adverse effect, the common response is to widen the margin by, for
example, adding uncertainty factors or assuming more stringent, and possibly
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implausible, exposure scenarios. The flaw in that approach is that there is no
accounting for what the probability of an adverse effect was before the applica-
tion of assumptions, and there is no calculation of how their use modifies that
probability. Accordingly, the committee concludes that adding uncertainty fac-
tors to RQs to account for lack of data (on formulation toxicity, synergy, addi-
tivity, or any other aspect) is unwarranted because there is no way to determine
whether the assumptions that are used overestimate or underestimate the proba-
bility of adverse effects. Furthermore, the committee concludes that RQs are not
scientifically defensible for assessing the risks to listed species posed by pesti-
cides or indeed for any application in which the desire is to base a decision on
the probabilities of various possible outcomes.

Instead, the committee recommends using a probabilistic approach that re-
quires integration of the uncertainties (from sampling, natural variability, lack of
knowledge, and measurement and model error) into the exposure and effects
analyses by using probability distributions rather than single point estimates for
uncertain quantities. The distributions are integrated mathematically to calculate
the risk as a probability and the associated uncertainty in that estimate. Ultimate-
ly, decision-makers are provided with a risk estimate that reflects the probability
of exposure to a range of pesticide concentrations and the magnitude of an ad-
verse effect (if any) resulting from such exposure.

The committee recognizes the pragmatic demands of the pesticide-
registration process and encourages EPA and the Services to consider the proba-
bilistic methods that have already been successfully applied to pesticide risk
assessments, that have otherwise appeared often in the technical literature, that
are familiar to many risk-assessment practitioners, that can be implemented with
commercially available software, and that are most readily explicable to deci-
sion-makers, stakeholders, and the public. The committee also recognizes that
administrative and other nonscientific hurdles will need to be overcome to im-
plement this approach, but moving the uncertainty analysis from the typical nar-
rative addendum to an integral part of the assessment is possible and necessary
to provide realistic, objective estimates of risk.
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The US Endangered Species Act (ESA) requires federal agencies to con-
sult with the Fish and Wildlife Service (FWS) or the National Marine Fisheries
Service (NMFS) when a federal action might affect a species that is listed as
threatened or endangered (that is, a listed species) or its designated critical habi-
tat. One such action that could potentially affect listed species or their critical
habitats is the registration (or reregistration) of pesticides by the US Environ-
mental Protection Agency (EPA) under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). Accordingly, EPA must first determine whether the
registration (or reregistration) of a pesticide “may affect” a listed species. If so,
EPA must initiate formal consultation or determine whether it is “likely to ad-
versely affect” a listed species. If EPA determines that the pesticide registration
is “not likely to adversely affect” a listed species—and FWS or NMFS, as ap-
propriate, agrees—no further consultation is required. However, if EPA deter-
mines that the pesticide registration is “likely to adversely affect” a listed spe-
cies, a formal consultation is required, and the product of that formal
consultation is a biological opinion (BiOp) issued by FWS or NMFS. Over the
last decade, several court cases have made it clear that formal or informal con-
sultation is required when EPA registers or reregisters a pesticide that might
affect a listed species. The consultations that have resulted from the court cases
raise questions regarding the best approaches or methods for determining risks
to listed species and their critical habitats. Because EPA, FWS, and NMFS have
some fundamental differences in approaches, they and the US Department of
Agriculture (USDA) asked the National Research Council (NRC) to examine
scientific and technical issues related to determining risks to ESA-listed species
from pesticides that are registered under FIFRA. As a result of the request, NRC
convened the Committee on Ecological Risk Assessment under FIFRA and
ESA, which prepared the present report.

THE FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT

FIFRA is the federal statute that governs the sale, distribution, and use of
pesticides in the United States [7 U.S.C. §§ 136-136y]. EPA has the primary

16
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responsibility for administering FIFRA, and the states play an important role in
enforcing the act. Under FIFRA, the term pesticide is defined as “any substance
or mixture of substances intended for preventing, destroying, repelling or miti-
gating any pest” [7 U.S.C. § 136 (u)(1)].

Pursuant to FIFRA Section 3(a), a pesticide may not be sold or distributed
in the United States without a license, known as a registration, from EPA. To
obtain a FIFRA registration, an applicant must demonstrate, among other things,
that the pesticide will “perform its intended function without unreasonable ad-
verse effects on the environment” [§ 136a (¢)(5)(C)] and that when the pesticide
is “used in accordance with widespread and commonly recognized practice it
will not generally cause unreasonable adverse effects on the environment” [§
136a (c)(5)(D)]. FIFRA defines environment as “water, air, land, and all plants
and man and other animals living therein and the interrelationships which exist
among these” [§ 136 (j)]. It defines the phrase unreasonable adverse effects on
the environment as any “unreasonable risk to man or the environment taking into
account the economic, social, and environmental costs and benefits of the use of
any pesticide” [§ 136 (z)(bb)(1)]. In other words, when deciding whether a par-
ticular pesticide meets the standard for registration, EPA must consider the eco-
nomic and social benefits of using the pesticide and the risks to humans and the
environment posed by its use. EPA has interpreted the “unreasonable adverse
effects on the environment” standard to require a balancing of costs and benefits
in which EPA weighs the costs to human health and the environment resulting
from pesticide use against social and economic benefits, such as the benefits of
mitigating disease vectors and reducing crop damage.

To obtain a registration, an applicant must provide data demonstrating that
its pesticide does not cause unreasonable adverse effects. FIFRA does not man-
date that any particular tests be conducted or that any particular type of data be
submitted to obtain a registration. However, FIFRA Section 3(c)(2)(A) directs
EPA to publish guidelines “specifying the kinds of information which will be
required to support the registration of a pesticide” and directs EPA to revisit and
revise these guidelines “from time to time.” Pursuant to that section, EPA has
promulgated rules in 40 C.F.R. Part 158 that establish data requirements for
demonstrating that a particular pesticide product meets the standard for registra-
tion. Excerpts from Part 158 are provided in Appendix A of the present report.
EPA has also developed a series of test guidelines that specify methods for con-
ducting the studies that will generate the data to support registration.

Many of the data requirements in Part 158 address general information
about a pesticide, such as its chemical composition and chemical and physical
properties. Other data requirements focus on mammalian testing that can be used
to evaluate the human health effects of pesticide exposure. Most important for
purposes of this report, Part 158 includes a number of sections related to envi-
ronmental risk, including risks to species that are not the targets of the pesticide
(that is, nontarget species). For example, Subpart G requires avian oral toxicity
testing, avian dietary toxicity testing, and avian reproduction testing and might
require wild-mammal toxicity testing and simulated or actual field testing. Addi-
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tional data on wildlife are required only case by case. Subpart G also requires
acute toxicity tests on honeybees and various toxicity tests on freshwater fishes,
freshwater invertebrates, and estuarine and marine organisms. Subpart L sets
forth requirements for spray-drift data, and Subpart N sets forth requirements for
environmental fate data, which are targeted at assessing “the presence of widely
distributed and persistent pesticides in the environment which may result in loss
of usable land, surface water, ground water, and wildlife resources, and...the
potential environmental exposure of other nontarget organisms, such as fish and
wildlife, to pesticides” [40 C.F.R § 158.130(h)(1)].

If, after evaluating the data submitted, EPA determines that the applicant
has demonstrated that the standard for registration has been met, it will issue a
registration. The registration will specify use restrictions that EPA has deter-
mined are necessary to meet the standard for registration. Most important, the
registration will require that the pesticide be labeled with specific product in-
formation, directions for use, and hazard information. The product label dictates
legal use of the pesticide. FIFRA provides that it is a violation of federal law “to
use any registered pesticide in a manner inconsistent with its labeling” [§ 136
(3)(@)(2)(G)], and every registered pesticide product is required to bear a label
containing this warning. Accordingly, the label is the vehicle not only for
providing important information to end users but for mandating the purposes for
which and the manner in which end users may use the pesticide product. The
label instructions are necessary to ensure that the pesticide meets the standard
for registration. A pesticide that might have an unreasonable adverse effect on
the environment if used at a particular dosage, for a particular crop type, or in a
particular manner might not have an unreasonable adverse effect if its use is
restricted to other specified crops or specified application rates or restricted in
other ways to minimize human health or environmental risks. Thus, the label
language is EPA’s primary regulatory tool for reducing pesticide risk under
FIFRA. Users who fail to comply with label directions can incur penalties, alt-
hough in practice it is extremely difficult to monitor every pesticide application
to determine whether it was carried out according to the label.

Once a pesticide is registered, EPA does not require a permit or any other
approvals before it is used. That is, there is no evaluation of specific pesticide
applications; thus, the geographic and temporal factors specific to an application
site or timing are not evaluated before the pesticide is released into the environ-
ment. However, some states have their own pesticide-permitting programs that
apply to specific types of pesticide use (for example, aerial application). Fur-
thermore, EPA has the authority under FIFRA to classify specific pesticides as
“restricted use pesticides.” Those pesticides can be used only under the supervi-
sion of a certified applicator who has received training in the proper handling
and use of the pesticide in question. However, even when there are state permit-
ting requirements and certified-applicator-training requirements, most pesticide
use is regulated only by label restrictions without a requirement for a permit or
other approval before use.
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After a pesticide product is registered, FIFRA continues to impose respon-
sibilities on the registrant, and EPA can require additional data submission.
FIFRA Section 6(a)(2) requires that if at any time after the issuance of a regis-
tration a registrant obtains information that a pesticide has unreasonable adverse
effects on the environment, the registrant is required to submit the information
to EPA. And FIFRA Section 3(c)(2)(B) states that “if [EPA] determines that
additional data are required to maintain in effect an existing registration of a
pesticide, [EPA] shall notify all existing registrants of the pesticide to which the
determination relates.” If EPA invokes Section 3(c)(2)(B), referred to as a “data
call-in,” each registrant must provide evidence to EPA within 90 days that it is
“taking steps to secure the additional data required.” If EPA determines that a
registrant has failed to take appropriate steps to secure the required data, it may
initiate proceedings to suspend the registration of the pesticide. EPA can cancel
a registration if it determines that a pesticide or its labeling does not comply
with FIFRA or if the pesticide “generally causes unreasonable adverse effects on
the environment when used in accordance with widespread and commonly rec-
ognized practice” (75 Fed. Reg. 68297[2010]). FIFRA Section 6(c) authorizes
the suspension of a registration if EPA determines that suspension is necessary
to prevent an imminent hazard during the time required for cancellation. FIFRA
Section 2(1) defines imminent hazard to include a “situation which exists when
the continued use of a pesticide during the time required for cancellation pro-
ceeding...will involve unreasonable hazard to the survival of a species declared
endangered or threatened by the Secretary pursuant to the Endangered Species
Act of 1973.”

Congress has on several occasions directed EPA to review the human
health and environmental effects of pesticides registered before some specified
date. In 1972, revisions of FIFRA mandated that EPA re-evaluate registered
pesticides—a process known as reregistration—by using current scientific and
regulatory standards to ensure that the data used to register the pesticides origi-
nally meet current standards. In 1988, Congress imposed specific reregistration
requirements that were intended to improve the speed and the nature of reregis-
tration. The 1988 provisions established a multistep process with various dead-
lines intended to ensure that registrants submit required data to EPA in a timely
manner. Under the 1988 amendments, failure to meet the data-submission dead-
lines could result in suspension or cancellation of a registration.

In 1996, Congress passed the Food Quality Protection Act (FQPA), which
also amended FIFRA. The FQPA was focused on providing additional protec-
tions for humans, not wildlife, and required EPA to re-evaluate many food-use
pesticides under new human-health standards. As a result of the re-evaluation,
EPA canceled some pesticide uses, changed allowable application rates, and
imposed use restrictions on others that were not aimed at reducing risk to wild-
life but had that result.
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THE ENDANGERED SPECIES ACT

The ESA is the federal statute that creates the authority to designate spe-
cies as threatened or endangered and governs the activities that might affect
those species (Endangered Species Act 16 U.S.C. §§ 1531-1544). The ESA is
administered and enforced by two federal agencies that have jurisdiction for
species in different ecosystems. FWS, in the Department of the Interior, typical-
ly is responsible for freshwater and terrestrial species, and NMFS, in the De-
partment of Commerce, typically is responsible for marine and anadromous spe-
cies (species that migrate from marine to freshwater environments to spawn,
such as Pacific salmonids). The two agencies—referred to collectively as the
Services and individually as the Service—are responsible for listing species as
endangered or threatened under the ESA.

An endangered species is defined as a “species which is in danger of ex-
tinction throughout all or a significant portion of its range” [16 U.S.C. § 1532
(6)]. A threatened species is defined as a species that is “likely to be-
come...endangered...within the foreseeable future throughout all or a significant
portion of its range” [§ 1532 (20)]. Subspecies of “fish or wildlife or plants and
any distinct population segment of any species of vertebrate fish or wildlife
which interbreeds when mature” [§ 1532 (16)] are also included in the ESA’s
definition of species and thus can be listed. In this report, the terms endangered
species, threatened species, and listed species can refer to subspecies or distinct
population segments as defined by the ESA. Once a species is listed, the ESA
requires that the Services designate critical habitat for each listed species. As of
October 15, 2012, critical habitat had been designated for 653 of the 1,434 listed
species that occur in the United States.

Endangered species are subject to several protections under the ESA, and
threatened species are for the most part subject to the same protections. ESA
Section 9 prohibits the “take” of listed species. The statute defines take as “har-
ass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt to
engage in any such conduct” [16 U.S.C. § 1532 (19)]. The Services have further
defined harm to include acts that involve substantial habitat modification or deg-
radation that kills or injures listed species by substantially impairing essential
behavior patterns, including breeding, feeding, and sheltering. That broad inter-
pretation of harm has been upheld by the US Supreme Court [Babbitt v Sweet
Home Chapter of Communities for a Greater Oregon, 515 U.S. 687, 698
(1995)]. The ESA authorizes the Services to assess penalties for unauthorized
take of listed species and authorizes courts to impose injunctions to prevent a
take from occurring or continuing. A federal agency (such as EPA) is liable for
its actions, including, at least according to one court, the issuance of FIFRA
registrations that result in a take of a listed species [Defenders of Wildlife v Ad-
ministrator, EPA, 882 F. 2d 1294 (8th Cir. 1989)].

Section 7 of the ESA includes another important provision that specifical-
ly applies to actions of federal agencies. It mandates that federal agencies use
their existing authorities to conserve endangered and threatened species and

Copyright © National Academy of Sciences. All rights reserved.



Assessing Risks to Endangered and Threatened Species from Pesticides

Introduction 2]

consult with the Services to ensure “that any action authorized, funded, or car-
ried out by such agency is not likely to jeopardize the continued existence of any
endangered species or threatened species or result in the destruction or adverse
modification of [critical habitat] of such species” [16 U.S.C. § 1536 (a)(2)]. The
phrase “jeopardize the continued existence of [a listed species]” means “to en-
gage in an action that reasonably would be expected, directly or indirectly, to
reduce appreciably the likelihood of both the survival and recovery of a listed
species in the wild by reducing the reproduction, numbers, or distribution of that
species” [50 CFR § 402.02].

Any proposed federal agency action that “may affect” listed species is
subject to ESA Section 7 and could require a formal consultation (see Figure 1-
1). The term “may affect” is defined broadly to include beneficial and adverse
effects. For any action that “may affect” listed species, the action agency has
two options: it may choose to initiate formal consultation or may determine
whether the action is “likely to adversely affect” listed species. If the action
agency determines, with written concurrence of FWS or NMFS, that the action
is “not likely to adversely affect” a listed species or its critical habitat, no further
consultation is required. However, if the action agency determines that the ac-
tion is “likely to adversely affect” a listed species or its critical habitat, formal
consultation is required. Through the formal consultation process, FWS or
NMEFS determines whether the proposed federal agency action is likely to jeop-
ardize listed species; if so, FWS or NMFS will develop “reasonable and prudent
alternatives” (RPAs) that, if implemented, are expected to avoid jeopardy. It is
at the action agency’s discretion whether to adopt the RPAs. However, the agen-
cy will be liable under Section 9 if a take results from its action and the take was
not provided for by an incidental take statement (ITS) in the BiOp, the final
document issued by FWS or NMFS. An ITS describes actions that will not be
considered prohibited takes and describes “reasonable and prudent measures”
that must be complied with to be covered by the ITS.

Unlike FIFRA and its implementing regulations, the ESA does not pre-
scribe specific studies that must be conducted or specific data that must be col-
lected or submitted in the consultation process. Instead, in several provisions of
the ESA, Congress has directed the Services to make determinations based on
the “best scientific and commercial data available.” Similarly, the Services’
rules on consultation state that

the Federal agency requesting formal consultation shall provide the Ser-
vice with the best scientific and commercial data available or which can be
obtained during the consultation for an adequate review of the effects that
an action may have upon listed species or critical habitat. This information
may include the results of studies or surveys conducted by the Federal
agency or the designated non-Federal representative. The Federal agency
shall provide any applicant with the opportunity to submit information for
consideration during the consultation [50 C.F.R. 402.14(d)].
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In formulating its biological opinion, any reasonable and prudent alterna-
tives, and any reasonable and prudent measures, the Service will use the
best scientific and commercial data available [50 C.F.R. 402.14(g)(8)].

“May Affect” Listed Agency Proceeds
— YES-Option 2 Species or Critical NO ——> with Action
Habitat?
YES - Option 1
Informal Likely to ” Written End of
. . Adversely Affect ) .
Consultation with Listed Snecies or | NO Concurrence by Consultation.
FWS or NMFS Critical rl’—lubit'n" FWS or NMFS Agency Proceeds
b o with Action
YES
Formal
Ci with
FWS or NMFS
Likel: Je diz .
e lf) copardize Likely to Result
the Continued in “Take” of &
Existence of the moae o A,,
Specics? Listed Species?
YES YES
FWS or NMFS FWS or NMFS
Propose RPAs to
- Propose RPMs to
Reduce Likelihood S
of Jeopardy Minimize Takes

Written Biological Opinion from FWS or NMFS
Containing: Jeopardy Finding

RPAs

Incidental Take Statement

RPMs

End of Consultation.
Action Agency Determines
Whether and How to Proceed
with Action

FIGURE 1-1 Consultation process under ESA Section 7 for a federal action that poten-
tially could affect a listed species or critical habitat. If the agency determines that the
action “may affect” the listed species or critical habitat, it has two options: (1) determine
whether the action is “likely to adversely affect” or (2) go directly to formal consultation
with the appropriate Service. Abbreviations: FWS, Fish and Wildlife Service; NMFS,
National Marine Fisheries Service; RPA, Reasonable and Prudent Action; RPM, Reason-
able and Prudent Measure.
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The Services have also issued two policy statements on implementing the
“best scientific and commercial data available” mandate. The first is the Notice
of Interagency Cooperative Policy on Information Standards [59 Fed. Reg.
34271 (July 1, 1994)]. It applies to, among other things, decisions made in the
Section 7 consultation process and states that biologists employed by the Ser-
vices must evaluate all information to “ensure that any information used by the
Services to implement the Act is reliable, credible, and represents the best scien-
tific and commercial data available.” It also expresses a preference that the Ser-
vices use primary and original sources of information as the basis of its recom-
mendations.

The second policy statement is the Notice of Interagency Cooperative Pol-
icy for Peer Review in Endangered Species Act Activities [59 Fed. Reg. 3270
(July 1, 1994)]. It provides that in making listing decisions and developing re-
covery plans under the ESA, the Services will seek independent peer review. It
does not explicitly apply to decisions made in the Section 7 consultation pro-
cess.

Neither the ESA nor its implementing regulations or policies provide de-
tailed guidance on what is meant by “best scientific and commercial data availa-
ble.” Moreover, the legislative history of the ESA does not provide any clear
direction on what Congress intended by using that language. However, experts
who have studied the ESA, its legislative history, and circumstances surrounding
the passage of the act have stated that the “best scientific and commercial data”
mandate was generally intended to “ensure objective, value-neutral decision
making by specially trained experts” (Doremus 2004). As one expert has opined,
“taking the best available science mandate at face value, its most obvious pur-
pose would seem to be to ensure that agency decisions are substantially as
‘good’ as can be” (Doremus 2004). Experts who have analyzed the case law
involving the use of the best-available-science mandate have concluded that the
cases suggest “no consistent thread or logic” (Brennan et al. 2003). Thus, there
is little guidance in the ESA, its legislative history, the Services’ rules and poli-
cies, or court cases to elaborate the meaning of the “best scientific and commer-
cial data available” mandate in the ESA.

THE RELATIONSHIP BETWEEN THE TWO ACTS

At least one court has held that EPA can be liable for a take under the ESA
if its registration of a pesticide results in the take of a listed species [Defenders
of Wildlife v Administrator, EPA, 882 F. 2d 1294 (8th Cir. 1989)]. More im-
portant for the purposes of the present report, courts have held that EPA is re-
quired to comply with the ESA Section 7 consultation process when registering
or taking other regulatory actions on pesticides under FIFRA. The requirement
that EPA comply with the ESA when registering pesticides under FIFRA pre-
sents a number of challenges. First, pesticides, by their very nature, are intended
to harm or disrupt a living organism in some way. Pesticides intended for out-
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door agriculture, forestry, weed control, and other uses are also intentionally
released into the environment. Consequently, if any listed species nest, roost,
migrate through, or otherwise exist in a particular geographic location where
pesticides are released, they could be exposed to potentially harmful substances,
and takes could occur.

As described above, the ESA prohibits any take of a listed species and re-
quires formal consultation for any agency action that is likely to affect any listed
species adversely. FIFRA, in contrast, requires a cost-benefit balancing of the
risks associated with the use of a pesticide and the social and economic benefits
to be gained by its use. The ESA prohibits takes of listed species and seeks to
ensure that federal agency actions do not jeopardize the continued existence of a
listed species. Economic considerations do not come into play in ESA listing,
take, or jeopardy evaluations as they do under FIFRA. The FIFRA cost-benefit
standard applies whether or not listed species are at issue, although presumably
harm to a listed species would be considered a high cost. In fact, the only place
where FIFRA mentions threatened or endangered species is in Section 6(c)(1) of
FIFRA, which authorizes EPA to “suspend the registration of a pesticide [if that]
is necessary to prevent an imminent hazard during the time required for a can-
cellation proceeding.” As noted above, FIFRA Section 2(1) defines imminent
hazard to include a “situation which exists when the continued use of a pesticide
during the time required for cancellation proceeding . . . will involve unreasona-
ble hazard to the survival of a species declared endangered or threatened.”
FIFRA does not provide EPA with any other direction concerning listed species.

Another challenge for EPA in complying with the ESA for pesticide regis-
trations is that FIFRA creates a national registration process whereas the ESA
requires an evaluation of effects on the habitat of a listed species and individual
members of a species. Under FIFRA, pesticide registration or cancellation deci-
sions are made on a nationwide basis. The ESA, in contrast, is geographically
and temporally focused. Although EPA typically considers geographic fate and
exposure scenarios relevant to where and when a pesticide is expected to be
used, it is challenging to design label restrictions and warnings to ensure that
there is never an effect on a listed species.

Another difference between FIFRA and the ESA concerns data available
for assessments. As indicated above, FIFRA requires the submission of data
before registration, whereas under the ESA the Services are mandated to rely on
the best data available (as opposed to requesting new data). Furthermore, under
the ESA, decisions are not to be delayed because of a lack of data.

The differences between the statutes have led EPA and the Services to de-
velop different approaches to ecological risk assessment that have often made it
difficult for them to reach a scientific agreement. As a result, EPA and the Ser-
vices decided to seek advice from the NRC on several scientific issues related to
conducting an ecological risk assessment.
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THE COMMITTEE AND ITS TASK

The committee that was convened in response to the request from EPA,
FWS, NMFS, and USDA included experts on salmonid biology, ecology, hy-
drology, geospatial analysis, exposure analysis, toxicology, population dynam-
ics, statistics, uncertainty analysis, environmental law, and ecological, pesticide,
and mixture risk assessment (see Appendix B for biographical information). The
committee was asked to evaluate EPA’s and the Services’ methods for determin-
ing risks to listed species posed by pesticides and to answer questions concern-
ing the identification of the best scientific data, the toxicological effects of pesti-
cides and chemical mixtures, the approaches and assumptions used in various
models, the analysis of uncertainty, and the use of geospatial data. See Box 1-1
for a verbatim statement of the committee’s task.

THE COMMITTEE’S APPROACH TO ITS TASK

The committee held five meetings to assist it in accomplishing its task.
The first three included open sessions during which the committee heard from
the sponsors and invited speakers from academe, professional organizations,
nonprofit organizations, and consulting agencies. The committee submitted writ-
ten questions to the sponsors to clarify the charge questions, discussed their re-
sponses in an open session, and reviewed extensive literature on various aspects
of ecological risk assessment and materials provided by the sponsors and stake-
holders. As directed in its statement of task, the committee used the recent con-
sultations between the NMFS and EPA as a reference for its evaluation of as-
sessment methods used by EPA and the Services. It emphasizes that it did not
specifically evaluate the biological opinions or EPA’s effect determinations on
Pacific salmonids; that would have been outside its charge. For ease of discus-
sion, the committee has designated the steps in the ESA process—“may affect,”
“likely to adversely affect,” and “likely to jeopardize”—as Steps 1, 2, and 3 in
this report.

The committee does not take a position on any legal or regulatory policy
issue, provide any legal or policy advice, or comment on the merit of any partic-
ular court ruling or other legal or policy decision. Furthermore, it recognizes that
the agencies must make regulatory policy choices, and it has consciously avoid-
ed commenting on regulatory policy. In fact, the committee concludes that sci-
ence and regulatory policy need to be kept separate to the extent possible and
that there should be transparency where policy is involved. The present report
evaluates the science of ecological risk assessment. Once an assessment is con-
ducted, the involved agencies are responsible for making policy decisions pur-
suant to their legal mandates. The committee uses the generic term decision-
maker to indicate a person who will use the results of a risk assessment to in-
form a decision. The committee makes no statements on who such a person
should be; that is a policy issue.
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BOX 1-1 Statement of Task

A committee of the National Research Council (NRC) will examine scien-
tific and technical issues related to the methods and assumptions used by the
U.S. Environmental Protection Agency (EPA), the U.S. Fish and Wildlife Ser-
vice (FWS), and the National Oceanic and Atmospheric Administration
(NOAA) to conduct scientific assessments of ecological risks from pesticides
registered by EPA under the Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) to species listed under the Endangered Species Act (ESA). The
range of scientific studies needed to make such assessments will be consid-
ered, including ecological, hydrological, toxicological, and exposure studies.
The committee will develop conclusions reflecting the use of scientific princi-
ples and to facilitate a more holistic approach to assessing risks across the
agencies, considering the intent of the ESA and of FIFRA. Policy issues relat-
ed to decision making will not be addressed. Specific topics that the commit-
tee will consider to the extent practicable include the following:

e Best available scientific data and information. The Services and
EPA approach the identification of “best available scientific information” using
a variety of differing protocols pertaining to the type and character of scientific
information that may be appropriate for these evaluations. Some of these
approaches pertain to the character of the information as consensus infor-
mation, peer-reviewed information, regulatory studies supporting pesticide
registrations, or other published and unpublished information. The NRC will
evaluate those protocols with respect to validity, availability, consistency, clar-
ity, and utility.

e Sublethal, indirect, and cumulative effects. The ESA requires the
consideration of direct, indirect, and cumulative effects on listed species and
habitats in the consultation process. The Services and EPA have used differ-
ing approaches on how to characterize indirect, sub-lethal, and cumulative
effects. The NRC will review the best available scientific methods for project-
ing these types of effects and consider options for the development of any
additional methods that are likely to be helpful.

e Mixtures and inerts. Assessing the effects of the use of chemical
mixtures, either in formulated products or as used at the field level, remains a
complex and difficult challenge, as is assessing the effects of mixtures of pes-
ticides and other environmental contaminants. Projecting the effects of inert
ingredients such as adjuvants, surfactants, and other pesticide product addi-
tives is also an area of continuing challenge. The NRC will consider the scien-
tific information available to assess the potential effects of mixtures and inert
ingredients.

e Models. There is a range of approaches to the development and use
of modeling to assist in analyzing the effects of actions such as using pesti-
cides or alternatives to that use, and active issues remain about the use of
unpublished models or the assumptions used in the choice of the available
models for any particular analysis of effects. The NRC will assess the proto-
cols governing the development of assumptions associated with model inputs
and the use of sensitivity analyses to evaluate the impact of multiple assump-
tions on the interpretation of model results.
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o Interpretation of uncertainty. There are a variety of methods for
documenting and interpreting uncertainties and evaluating the extent to which
uncertainties impact confidence in the scientific conclusions associated with a
jeopardy decision. In particular, the NRC will consider the selection and use
of uncertainty factors to account for lack of data on formulation toxicity, syn-
ergy, additivity, etc., and how the choice of those factors affects the estimates
of uncertainty.

o Geospatial information and datasets. Location of the habitat is an
important component of successfully protecting the impacted species. Much
variability in datasets, geospatial layers, and scale contributes to uncertainty.
The NRC will consider what constitutes authoritative geospatial information,
including spatial and temporal scale that most appropriately delineates habitat
of the species and the duration of potential effects.

In its deliberations, the NRC will focus on the scientific and technical
methods and approaches the agencies use in determining risks to endan-
gered and threatened species associated with the use of pesticides. The NRC
will provide conclusions as appropriate about techniques the agencies might
apply or use to improve those methods and approaches using scientific prin-
ciples to support their decision-making.

As examples, the NRC will consider three recent consultations between
NOAA and EPA on the effects of EPA’s proposed FIFRA actions on Pacific
salmonids as reference points for its work. The NRC will use the consultations
as examples of the various agencies’ scientific approaches and methods but
will not evaluate the consultations themselves or the decisions resulting from
them, and it will not limit its considerations strictly to aquatic species.

ORGANIZATION OF THE REPORT

The committee’s report is organized into five chapters. Chapter 2 presents
a common approach to the assessment process and discusses some overarching
issues regarding uncertainty and best data available. Chapters 3 and 4 focus on
exposure and effects analysis, respectively; each describes models and issues
associated with uncertainty. Chapter 5 addresses the risk characterization pro-
cess, which combines the results of the exposure and effects analyses. Excerpts
of CFR Part 158 are provided in Appendix A, and Appendix B presents bio-
graphical information on the committee.
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A Common Approach and
Other Overarching Issues

The committee was asked to comment specifically on scientific and tech-
nical approaches that might assist the US Environmental Protection Agency
(EPA), the National Marine Fisheries Service (NMFS), and the Fish and Wild-
life Service (FWS) in estimating risk to species listed under the Endangered
Species Act (ESA) posed by pesticides (chemical stressors) under review by
EPA for registration or reregistration as required by the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA). In this chapter, the committee dis-
cusses how the risk-assessment paradigm could serve as a common approach for
EPA and the Services (NMFS and FWS) in examining the potential for listed
species to be exposed to pesticides and the probability (that is, the risk) that such
exposures would result in adverse effects. The risk-assessment paradigm was
originally set forth in the report Risk Assessment in the Federal Government:
Managing the Process (NRC 1983) and has been used and refined over the last
few decades to evaluate both human health and environmental risks. Because
this report is focused on risk to listed species in the environment posed by pesti-
cide exposure, the committee focuses on ecological risk assessment (ERA) as
described by such comprehensive references as Suter (2007). This chapter also
addresses two general issues related to risk assessment: analysis of uncertainty
and use of best data available.

A COMMON APPROACH

To comply with or administer the ESA during the pesticide registration
process, EPA and the Services need to determine the probability of adverse ef-
fects on listed species or their habitats due to expected pesticide use that is con-
sistent with label requirements. The committee understands that EPA and the
Services are responding to different federal regulations and legal requirements

28
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and that the ESA places different responsibilities on the action agency (EPA)
and the decision agency (NMFS or FWS). However, the committee has con-
cluded that when the determination involves risk posed by chemical stressors,
the agencies should use the same ERA paradigm to reach conclusions about
adverse effects. Scientific obstacles to reaching agreement between EPA and the
Services during consultation have emerged apparently because of the agencies’
differences in implementation of the ERA process, including differences in un-
derlying assumptions, technical approaches, data use, exposure models, and
risk-calculation methods. Agreement has also been impeded because of a lack of
communication and coordination throughout the process.

To understand and reconcile the differences between how EPA assesses
risk to listed species from pesticide use and how the Services reach jeopardy
decisions, it is important first to understand the consultation process under the
ESA. The Services’ Endangered Species Consultation Handbook (FWS/NMFS
1998) details the procedural and legal steps that they must follow when engag-
ing in informal or formal consultations regarding listed species. As discussed in
Chapter 1, the process involves three steps; the first two steps are to determine
whether a proposed action needs formal consultation (Figure 2-1). In Step 1, the
action agency (EPA) determines whether the action “may affect” a listed spe-
cies. If the answer is yes (as it almost always is at the screening level for out-
door-use pesticides because “may affect” is interpreted broadly), EPA has two
options: it can enter into formal consultation or proceed to Step 2—an optional
step known as informal consultation—in which it must determine whether the
action is “likely to adversely affect” a listed species. If the answer is no and
NMEFS or FWS concurs, the consultation process ends. However, if the answer
is yes, Step 3 (formal consultation) is triggered. In formal consultation, NMFS
or FWS must determine whether the action is “likely to jeopardize the continued
existence of the species.” A jeopardy decision must be informed by science, but
the final regulatory determination of whether a risk is sufficient to constitute
jeopardy is partly a policy decision. As the action agency, EPA is responsible
for Step 1. It is also responsible, with concurrence from the Services, for Step 2;
the Services are responsible for Step 3. In 2004, the Services promulgated a rule
that would essentially authorize EPA to conduct Step 2 on its own without con-
currence from the Services. The court found that this was a violation of the ESA,
and it invalidated that portion of the Services’ rule [Washington Toxics Coali-
tion v U.S. Fish & Wildlife Serv., 475 F.Supp.2d 1158 (W.D. Wash. 2006)]. In
recent years, EPA seems to be bypassing Step 2 and initiating formal consulta-
tion whenever it finds that a pesticide “may affect” a listed species. Although
this approach is permissible, it might be more efficient in many cases to conduct
a Step 2 analysis before deciding to enter formal consultation. Presumably, Step
2 would filter out some actions, and fewer biological opinions would be needed.
An agreed-on common approach to ERAs would give the Services more confi-
dence in EPA’s Step 2 analyses.
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FIGURE 2-1 Relationship between the Endangered Species Act (ESA) Section 7 decision process and the ecological risk as-
sessment (ERA) process for a chemical stressor. Each step answers the question that appears in the box.
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As shown in Figure 2-1 and summarized in Table 2-1, the committee is
suggesting that each step in an ESA consultation process for a chemical stressor
be coordinated with an ERA process. Although the complexity of each ERA
would depend on the step, each would involve the same four basic elements—
problem formulation, exposure analysis, effects (or exposure-response) analysis,
and risk characterization—that make up a risk assessment of a chemical stressor,
such as a pesticide. The four basic elements and their relationships to one anoth-
er trace their origin to the seminal Risk Assessment in the Federal Government:
Managing the Process (NRC 1983; commonly referred to as the Red Book) and,
more recently, to Science and Decisions: Advancing Risk Assessment (NRC
2009; commonly called the Silver Book). After 30 years of use and refinement,
this risk-assessment paradigm has become scientifically credible, transparent,
and consistent; can be reliably anticipated by all parties involved in decisions
regarding pesticide use; and clearly articulates where scientific judgment is re-
quired and the bounds within which such judgment can be made. That process is
used for human-health and ecological risk assessments and is used broadly
throughout the federal government (for example, by the Food and Drug Admin-
istration). The committee notes that the Services’ Consultation Handbook is
silent regarding technical approaches to assessing risks to listed species posed
by chemical stressors, such as pesticides. Consequently, the committee has con-
cluded that the risk-assessment par