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Abstract: The USDA Forest Service and Animal and Plant Health Inspection Service are proposing an addition
to the gypsy moth management program that was described in the 1995 Environmental Impact Statement—Gypsy
Moth Management in the United States: a cooperative approach—and chosen in the 1996 Record of Decision.
The agencies are proposing these new treatment options: adding the insecticide tebufenozide, or adding the
insecticide tebufenozide and other new treatment(s) that may become available in the future to manage gypsy
moths, provided that the other treatment(s) pose(s) no greater risk to human health and nontarget organisms than
are disclosed in this Final Supplemental Environmental Impact Statement for the currently approved treatments
and tebufenozide. The addition of tebufenozide or other new treatment(s) to the list of approved treatment options
does not change any program or administrative requirements identified in the 1995 EIS. Those requirements
include any consultations required and the need to conduct site-specific environmental analyses in accordance

with the National Environmental Policy Act and agency regulations.

The complete Final Supplemental Environmental Impact Statement consists of four volumes:
Volume | Summary
Volume Il Chapter 1. Purpose of and Need for Action
Chapter 2. Alternatives Including the Preferred Alternative
Chapter 3. Affected Environment
Chapter 4. Environmental Consequences
Chapter 5. Preparers and Contributors
Chapter 6. Mailing List
Chapter 7. Glossary
Chapter 8. References
Appendix A. Gypsy Moth Treatments and Application Technology
Appendix B. Gypsy Moth Management Program
Appendix C. Scoping and Public Involvement
Appendix D. Plant List
Appendix E. Biology, History, and Control Efforts for the Gypsy Moth
Volume Il Appendix F. Bacillus thuringiensis kurstaki (B.t.k.) Risk Assessment
Appendix G. Gypchek (Nucleopolyhedrovirus) Risk Assessment
Appendix H. Disparlure Risk Assessment
Appendix I. Diflubenzuron Risk Assessment
Volume IV Appendix J. Tebufenozide Risk Assessment
Appendix K. DDVP (Dichlorvos) Risk Assessment
Appendix L. Gypsy Moth Risk Assessment
Appendix M. Risk Comparison

All volumes can be viewed and downloaded at http://na.fs.fed.us/pubs/detail.cfm?id=5251.
The record of decision is a separate document published and available 30 days or longer after the notice of

availability for the Final Supplemental Environmental Impact Statement is published in the Federal Register (40
CFR Part 1506.10).


http://na.fs.fed.us/pubs/detail.cfm?id=5251
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Figure 1-1. In 1892, workers attempted to control gypsy moth by hand picking egg
masses.
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Purpose of and Need for Action

The management of gypsy moth in the United States
takes an integrated pest management approach to
protecting the forests and trees of the United States
from the adverse effects caused by the gypsy moth.
This chapter gives brief background on the gypsy moth
and the current gypsy moth management program. The
chapter also states the proposed changes, rationale,

and related issues. It explains the purpose of this
supplemental environmental impact statement (SEIS)
and how it is to be used.

1.1 Proposed Action.

The United States Department of Agriculture (USDA)
is responsible for management activities related to the
gypsy moth (Lymantria dispar Linnaeus [L.]), for the
Federal government. Two USDA agencies, the Forest
Service and the Animal and Plant Health Inspection
Service (APHIS) share this responsibility. Agency
authorities are found in these USDA Delegations

of Authority: 7 Code of Federal Regulations (CFR)
2.60(a)(38) by the Under Secretary for Natural
Resources and Environment, for the Forest Service;
and 7 CFR 2.80(a)(36) by the Under Secretary for
Marketing and Regulatory Programs, for APHIS.

The Forest Service and APHIS are proposing an
addition to the gypsy moth management program
described in the 1995 Environmental Impact Statement
(EIS) and chosen in the 1996 Record of Decision
(USDA 1995, 1996). The agencies are proposing to
add new treatment options: the insecticide tebufenozide
and the option of adding other treatments that may
become available in the future to manage gypsy

moths, provided such treatments pose no greater

risks to human health and nontarget organisms than
are disclosed in this SEIS for currently approved
treatments and tebufenozide.

This SEIS discloses the method of use, effectiveness,
and effects of tebufenozide, and outlines the protocol
that would be followed in order to add other treatments.
Appendix A provides detailed information about the use

and effectiveness of tebufenozide and other treatments
that are effective for eradicating, suppressing, or
slowing the spread of the gypsy moth as represented
in this SEIS. Information about treatments and natural
control agents that are not used in the USDA National
Gypsy Moth Management Program is also presented
in Appendix A for the benefit of the reader. Appendix
B provides an overview of the National Gypsy Moth
Management Program. This SEIS also updates effects
of currently approved treatments and of the gypsy
moth, with new information that has become available
since the 1995 EIS, and about the slow-the-spread
strategy, which is now an operational component of the
National Gypsy Moth Management Program.

1.2 Public Involvement and
Issues.

On April 29, 2004, the Forest Service and APHIS
published a Notice of Intent (NOI) to Prepare

a Supplement to the Final EIS for Gypsy Moth
Management in the United States: a Cooperative
Approach (69 Federal Register (FR) 23492-93, April
29, 2004). The public was invited to comment on the
proposed supplement. Fourteen comment letters were
received from the public on the SEIS. Other NOIs
were published on March 13, 2006 (71 FR 12674-75)
and on February 7, 2007 (72 FR 5675), revising the
dates for filing the draft and final SEIS.

The interdisciplinary team, joined by public affairs
specialists and forest pest managers throughout the
Forest Service and APHIS (listed in Chapter 5) actively
sought public involvement. Two issues were derived
from the scoping effort: Issue 1—risk to human health,
and Issue 2—risk to nontarget organisms. These issues
are described in Chapters 3 and 4 of this SEIS. See
Appendix C for details of scoping efforts.

The Forest Service and APHIS mailed 419 hard copies
and 765 electronic copies (CDs) of the draft SEIS to a
variety of individuals, organizations, and governmental
agencies. An additional 146 copies of the summary

Chapter 1- Page 1



Chapter 1

were mailed to individuals and organizations with the
suggestion that they review the complete document if
they wished to submit comments. The draft SEIS was
also available on the Internet.

The notice of availability of the draft SEIS, published
in the Federal Register on September 19, 2008, invited
public comments. In response, 41 comment letters were
received. A variety of comments was identified in the
letters. Specific concerns that were within the scope of
the SEIS were examined. Where appropriate, revisions
were made in this final SEIS. The responses by the
Forest Service and APHIS to all of the comment letters
received on the draft SEIS are cataloged and presented
in Appendix C, Section C.3.

1.3 Background.

The gypsy moth is a significant nonnative forest pest in
the United States. The gypsy moth caterpillar—one of
four distinct developmental stages (Figure 1-2)—alters
ecosystems and disrupts people’s lives as it feeds on
the foliage of trees, shrubs, and other plants. Excessive
feeding causes defoliation, which weakens trees
(increasing their vulnerability to other insects and
diseases that may kill them), alters wildlife habitat,
changes water quality, reduces property and aesthetic
values of public and private woodlands, and reduces
the recreation value of forested areas. When present

in large numbers, gypsy moth caterpillars can pose

a nuisance, as well as a hazard to health and safety.
Effects due to the gypsy moth are described in

Chapter 4.

At least 898 million acres (364 million hectares) of
trees susceptible to gypsy moth feeding are at risk in
the United States (Morin and others 2005). Also at risk
are countless urban and rural forested areas throughout
the country where susceptible plants (Appendix D)
grow naturally or are planted.

Although both European and Asian strains exist, only
the European strain is currently present in the United

Chapter 1- Page 2

Figure 1-2. Feeding by gypsy moth caterpillars (larvae)
causes defoliation.

Figure 1-3. European gypsy moths (male on left, female on
right) are found in the United States.

States (Figure 1-3). The European gypsy moth was
brought to the United States and accidentally released
in eastern Massachusetts around 1869 (Liebhold and
others 1989). Since then, it has continued to spread
into uninfested areas (Hajek and Tobin 2009, Tobin
and others 2007). The Asian strain occasionally has
been found in this country, but it has been eliminated
whenever it has been found (Figure 1-4). Unlike
European female gypsy moths, which cannot fly, the
Asian moth poses a greater risk of spread because
females can fly and deposit egg masses miles from
where they fed as caterpillars (Figure 1-5).

Despite many early attempts to halt its spread
(McManus 2007), by 2010 the European gypsy moth
was established in the District of Columbia and in all or
parts of the following States: Connecticut, Delaware,



Purpose of and Need for Action

Figure 1-4. This Asian gypsy moth male (left) and female (right) are from Mongolia. As of this writing, the Asian gypsy moth

is not found in the United States.

Figure 1-5. People unknowingly spread gypsy moths by
moving objects on which egg masses were deposited.

Illinois, Indiana, Maine, Maryland, Massachusetts,
Michigan, New Hampshire, New Jersey, New York,
North Carolina, Ohio, Pennsylvania, Rhode Island,
Vermont, Virginia, West Virginia, and Wisconsin
(Figure 1-6). Spread continues into uninfested areas
because of natural and artificial movement.

The gypsy moth continues to be a problem as it
spreads. Historical documentation over the last 100
years reveals gypsy moth outbreaks cause widespread
defoliation, tree mortality, environmental and public
health risks, and public outcry to control the outbreaks
(Williams and Liebhold, 1995a). For more information
about the biology, history, and control efforts for the
gypsy moth, see Appendix E.

1.4 Purpose of and Need for
Action.

In this SEIS the Forest Service and APHIS propose to
add additional treatments for use in the USDA National
Gypsy Moth Management Program. The proposed
treatments are new and were not available when the
1995 EIS was written. Additional treatments would
provide gypsy moth managers with more flexibility

in conducting suppression, eradication, and slow-the-
spread projects. Making new treatments available

is also expected to improve the National Gypsy
Management Program, because each new treatment
developed over the last 30 years has proven safer to
human health and the environment, more cost-efficient,
easier to apply, and often more effective than older
treatments.

This SEIS also presents new information about

currently used treatments. It...

¢ Introduces hazard quotients for nontarget organisms

¢ Reinforces that the gypsy moth poses a significant
risk hazard to both human health and forest condition

e Provides data showing that slow the spread is very
effective in slowing the natural and artificial spread
of the gypsy moth

e Determines that disparlure formulations used for
mating disruption are of low toxicity to daphnids

Chapter 1- Page 3
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Data Source: CFR 2010
www aphis.usda.gov

AkE 3

4

Figure 1-6. In 2010, the European gypsy moth was established in all or part of 19 states and the District of Columbia (shaded

in dark gray) (USDA APHIS 2011).

¢ Confirms that spring-feeding nontarget caterpillars
are more at risk from B.t.k. applications than are
caterpillars that come out later in the year

o Makes available additional epidemiological studies
for human health effects associated with B.t.k.

¢ Discloses and discusses the significance of HIN1 flu
and exposure to B.t.k. on human health.

1.5 Decision Framework.

The 1995 EIS analyzed six alternatives for managing
gypsy moth infestations (USDA 1995). With the
1996 Record of Decision (USDA 1996), the agencies
selected an integrated pest management (IPM)
approach comprised of suppression, eradication, and
slow-the-spread strategies to manage the gypsy moth

Chapter 1- Page 4

in the United States. The adopted alternative also
provides delivery of technical advice and support to
State, Tribal, and Federal cooperators by the Forest
Service and APHIS. The USDA has carried out its
gypsy moth responsibilities under that Record of
Decision since 1996.

The 1996 decision provides for the use of several
insecticides and other treatments in suppression
(Table 1-1), eradication (Table 1-2), and slow-the-
spread projects (Table 1-3). These include Bacillus
thuringiensis var. kurstaki (B.t.k.), the insect

growth regulator diflubenzuron, the gypsy moth
nucleopolyhedrovirus product Gypchek, a pheromone
attractant disparlure used in mating disruption and
mass trapping, the killing agent dichlorvos used
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Table 1-1. Acres treated in suppression projects, by treatment, 2001-2010*

Year B.t.k. Gypchek Diflubenzuron Total

2001 274,057 2,280 187,784 464,121
2002 149,772 4,794 131,601 286,167
2003 67,895 10,015 25,124 103,034
2004 73,493 6,078 0 79,571
2005 7,292 0 0 7,292
2006 145,053 602 18,000 163,655
2007 161,887 1,389 28,424 191,700
2008 450,528 2,268 90,155 542,951
2009 291,508 3,478 26,586 321,572
2010 5,668 401 0 6,069
Total 1,627,153 31,305 507,674 2,166,132

Table 1-2. Acres treated in eradication projects, by treatment, 2001-2010*

Year B.t.k. Gypchek Diflubenzuron | Mating disruption Total

2001 1,440 0 0 0 1,440
2002 9,961 0 0 650 10,611
2003 16,540 0 0 0 16,540
2004 10,855 0 0 250 11,105
2005 36,778 0 0 0 36,778
2006 19,960 0 0 0 19,960
2007 5,189 0 0 0 5,189
2008 883 0 567 1,850 3,300
2009 1,578 0 0 0 1,578
2010 537 399 0 360 1296
Total 103,721 399 567 3,110 107,797

Table 1-3. Acres treated in slow-the-spread projects, by treatment, 2001-2010*

Year B.t.k. Gypchek Diflubenzuron Mating disruption Total

2001 62,398 0 650 212,925 277,974
2002 28,705 0 3,938 542,600 575,243
2003 70,470 6,819 0 647,618 720,907
2004 131,282 8,230 0 588,256 727,728
2005 108,611 17,075 790 287,890 414,366
2006 95,860 7,003 12,292 426,138 541,293
2007 57,521 3,789 96 364,902 426,308
2008 43,513 112 0 368,157 411,782
2009 36,165 303 0 382,670 419,138
2010 59,008 4,655 0 468,489 534,162
Total 693,533 47,986 17,766 4,289,645 5,048,901

*Source; USDA Forest Service 2011

Chapter 1- Page 5
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in large-capacity pheromone traps, and the sterile
insect technique. Human health and ecological risk
assessments (HHERA) were prepared for each of
these insecticides and for the proposed insecticide
tebufenozide, and can be found in Appendixes F-K of
this SEIS.

Like the 1996 Record of Decision, the decision to

be made will be programmatic. No site-specific
suppression, eradication, or slow-the-spread projects
will be implemented as a direct result of the decision
that will follow this SEIS. The decision to implement
any treatment project will be made after site-specific
environmental analyses are conducted and documented
in accordance with agency NEPA implementing
procedures. Analyses will address unique local issues,
beyond the scope of this document, for site-specific
management projects for the gypsy moth. Site-specific
environmental analyses are more detailed and precise
as to geographical locations, individual treatments to be
used, and timing of treatments.

The decision on this SEIS will serve as the primary
guide for management of the gypsy moth on Forest
Service lands; treatments and strategies allowed by
the 1996 decision will continue to be available for
use. The USDA is not reconsidering the suppression,
eradication, and slow-the-spread strategies, or the
treatments made available by the 1996 Record of
Decision. The decision whether to plan and implement
a gypsy moth project on National Forest System lands
rests with the responsible official in that particular
forest.

1.6 Scope of This Document
and NEPA Requirements.

This SEIS concerns only the USDA gypsy moth
management program carried out by the Forest
Service or APHIS, directly or in conjunction with
others (States, other Federal agencies, and Tribal
governments). Actions of other Federal or local
agencies or private citizens to manage the gypsy moth

Chapter 1- Page 6

on their own, are not affected or in any way constrained
by the USDA program. Such actions are affected or
constrained only by applicable Federal and State laws,
local ordinances, insecticide label instructions, and any
self-imposed constraints.

The information and analysis contained in this SEIS
can be incorporated by reference, into environmental
documents prepared for proposed gypsy moth
management projects, in accordance with the National
Environmental Policy Act (NEPA) (42 United States
Code (U.S.C.) 4332) and agency NEPA procedures.
Future environmental documentation for specific
projects would tier to the final SEIS and to the 1995
EIS (40 CFR 1508.28). Proposed treatment projects
will be evaluated on an individual basis to determine
if they are biologically sound, environmentally
acceptable, and economically efficient.

Some gypsy moth related activities, such as treatment
of regulated articles infested with gypsy moths, the
boarding and inspection of ships entering U.S. seaports,
and research and methods-development activities,

are outside the scope of this document and were not
examined. More information about these activities can
be found in Appendix B.

1.7 Consultations.

As they had done on the 1995 EIS, for this SEIS the
Forest Service and APHIS also consulted with the
U.S. Fish and Wildlife Service on the proposed action
(Alternative 3) under the Endangered Species Act.
The Forest Service and APHIS requested concurrence
from the Fish and Wildlife Service based on the
determination that USDA management of gypsy moth
in the United States is not likely to adversely affect
endangered and threatened species or critical habitat
under the jurisdiction of the Fish and Wildlife Service,
outside the Karner blue butterfly (Lycaeides melissa
samuelis) habitat in Wisconsin.
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The Fish and Wildlife Service concurred with this
determination and indicated, “[e]ffective coordination
with the Service’s field organization will be a key
element in ensuring the avoidance of adverse effects

to listed species and their habitats.” Such coordination
with the Fish and Wildlife Service at a local level will
ensure that each proposed gypsy moth project will have
no effect or is not likely to adversely affect federally
listed species or designated critical habitat. The Forest
Service and APHIS will ensure the implementation of
any protection measures for threatened and endangered
species or critical habitat that result from such
coordination. If incidental adverse effects to listed
species or critical habitat are likely to occur, then the
Forest Service and APHIS will reinitiate consultation

with the Fish and Wildlife Service. Where formal
consultations currently take place for USDA-sponsored
gypsy moth treatments that may adversely affect
Karner blue butterfly in Wisconsin, the established
consultation process will be continued. This process
has been developed and agreed to locally by the Fish
and Wildlife Service’s Green Bay Ecological Services
Office.

In addition, the Forest Service and APHIS will

ensure that site-specific consultations will be done

as necessary at the project level under the National
Historic Preservation Act and any other laws,
regulations, executive orders, and agency policies that
apply to site-specific projects.

Chapter 1- Page 7






Chapter 2
Alternatives Including
the Preferred Alternative

Figure 2-1. Early spray operations for gypsy moths used horse-drawn equipment.
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Alternatives Including the Preferred Alternative

This chapter defines the three alternatives that are being
considered. It compares the alternatives based on their
ability to provide flexibility for managing gypsy moth
populations and their relation to the identified issues.
The preferred alternative is identified. This chapter
also describes mitigation measures that can be used to
protect human health and nontarget organisms.

2.1 Background.

The gypsy moth is destructive to vegetative resources,
and the human health and environmental effects

from exposure to the pest are substantial (Chapter

4 and Appendix L). The strategies of suppression,
eradication, and slow the spread and the currently
approved treatments (Table 2-1) have proven successful
in reducing damage caused by gypsy moth outbreaks
in the generally infested area, eliminating new isolated
infestations of the gypsy moth introduced outside

the generally infested area, and slowing the short-
range natural and artificial spread of this insect. For

a description of the strategies, see Section B-5 in
Appendix B.

These strategies form the basis for the alternatives
that were considered in the 1995 Environmental
Impact statement (EIS) and for the alternatives in this
supplemental EIS (SEIS).

2.2 Alternative Chosen From
the 1995 Gypsy Moth EIS.

A program consisting of the strategies of suppression,
eradication, and slow the spread--the preferred
alternative in the 1995 EIS--was chosen in the 1996
Record of Decision. The following insecticide and
noninsecticide treatments were approved for use in the
strategies:
« Bacillus thuringiensis var. kurstaki (B.t.k.) (a
microbial insecticide)
* Diflubenzuron (an insect growth regulator)
* Gypchek (gypsy moth nucleopolyhedrosis virus
product)

* Mass trapping (using traps baited with the
gypsy moth attracting pheromone disparlure and
sometimes containing the killing agent dichlorvos)

* Mating disruption (aerially dispensed medium
impregnated with the gypsy moth attractant
disparlure)

« Sterile insect technique (release of sterile or partly
sterile gypsy moth pupae or eggs)

Table 2-1 shows which treatments may be used in each
strategy.

This alternative was adopted because it fully met the
USDA goal of reducing the adverse effects of the gypsy
moth on the Nation’s forests and trees. The alternative
addresses the major issues associated with the gypsy
moth and treatments, while incorporating flexible
options for managing ecosystems affected by the gypsy
moth. The issues influencing the discussion in the 1995
Gypsy Moth EIS focused on the effects of the gypsy
moth and gypsy moth treatments on human health,
nontarget organisms, and forest conditions.

2.3 Alternatives in This SEIS.

Like the 1996 Record of Decision, the decision to be
made as a result of this SEIS will be programmatic.

No site-specific suppression, eradication, or slow-the-
spread projects will be implemented as a direct result of
the decision on this SEIS. The decision to implement
any treatment project will be made after site-specific
environmental analyses are conducted and documented
in accordance with agency NEPA implementing
procedures.

The following three alternatives are examined in this
SEIS:

Alternative 1—No action

Alternative 2—Add tebufenozide

Alternative 3—Add tebufenozide, and add
other new treatments through the application of the
protocol (preferred alternative).
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Chapter 2

Table 2-1. Treatments that have been approved for use in gypsy moth projects since the 1995 gypsy moth EIS.

Mass Trapping Mating Sterile Insect
Strategy B.t.k. | Diflubenzuron | Gypchek | (Dichlorvos plus Disruption )
. . Technique
disparlure) (Disparlure)
Suppression ) [ )
Eradication o o [ o ° °
Slow the Spread o o [ o ) )

Alternative 1—No Action.

Alternative 1 is the same as the alternative selected in
the 1996 Record of Decision. It is the current gypsy
moth management program of suppression, eradication,
and slow the spread, using currently approved
treatments. Alternative 1 would make no change to

the 1996 Record of Decision, and it would add no
treatment options to those approved by that decision.

Alternative 2—Add Tebufenozide.

Alternative 2 would add the insecticide tebufenozide
to currently approved treatments. Information on the
use and effectiveness of tebufenozide is provided in
Appendix A. The human health and ecological risk
assessments for tebufenozide are in Appendix J.

Alternative 3—Add Tebufenozide, and
Add Other New Treatments Through
the Application of the Protocol
(Preferred Alternative).

Alternative 3 would add the insecticide tebufenozide
and add other treatment(s) that may become available
in the future for managing gypsy moth, to currently
approved treatments. A new treatment would be
available for use upon the agencies’ finding that the
treatment is registered by the U.S. EPA for use on
gypsy moth and poses no greater risks to human health
and nontarget organisms than are disclosed in this SEIS
for the currently approved treatments and tebufenozide.

Chapter 2 - Page 2

The protocol for making the necessary finding that a
treatment is authorized by this Alternative is as follows:

1. Conduct a human health and ecological risk
assessment (HHERA). In this risk assessment
review all scientific studies available for
toxicological and environmental fate information
relevant to effects on human health and nontarget
organisms. Use this information to estimate risk
to human health and nontarget organisms. Include
these four elements in the HHERA: (a) hazard
evaluation, (b) exposure assessment, (¢) dose-
response assessment, and (d) risk characterization.
The HHERA will do the following:

e Identify potential use patterns, including
formulation, application methods, application
rate, and anticipated frequency of application.

¢ Review hazards relevant to the human health
risk assessment, including systemic and
reproductive effects, skin and eye irritation,
dermal absorption, allergic hypersensitivity,
carcinogenicity, neurotoxicity, immunotoxicity,
and endocrine disruption.

e Estimate exposure of workers applying the
chemical.

e Estimate exposure of members of the public.
o Characterize environmental fate and transport,
including drift, leaching to groundwater, and

runoff to surface streams and ponds.

e Review available ecotoxicity data including
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hazards to mammals, birds, reptiles, amphibians,
fish, and aquatic invertebrates.

e Estimate exposure of terrestrial and aquatic
wildlife species.

e Characterize risk to human health and wildlife.

2. Conduct a risk comparison of the human health
and ecological risks of a new treatment with

the risks identified for the currently authorized
treatments and tebufenozide. This risk comparison
will evaluate quantitative expressions of risk (such
as hazard quotients) and qualitative expressions of
risk that put the overall risk characterizations into
perspective. Qualitative factors include scope,
severity, and intensity of potential effects, as well
as temporal relationships such as reversibility and
recovery.

3. If the risks posed by a new treatment fall within
the range of risks posed by the currently approved
treatments and tebufenozide, publish a notice in

the Federal Register of the agencies’ preliminary
findings that the treatment meets the requirements
of Alternative 3. The notice must provide a 30-day
public review and comment period and must advise
the public that the HHERA and the risk comparison
are available upon request.

4. If consideration of public comment leads to the
conclusion that the preliminary finding is correct,
publish a notice in the Federal Register that the
treatment meets the requirements of Alternative

3 and, therefore, is authorized by that Alternative
for use in the USDA gypsy moth management
program. The Forest Service and APHIS will make
available to anyone, upon request, a copy of the
comments received and the agencies’ responses.

Like the 1996 Record of Decision, the decision to be
made as a result of this SEIS will be programmatic.
Decisions to use specific treatments in projects,
including new treatments authorized under the protocol
in Alternative 3, will be made after site-specific

environmental analyses are conducted and documented
in accordance with agency NEPA implementing
procedures.

2.4 Evaluation and Comparison
of Alternatives.

Different treatments could be used under the different
alternatives, as shown in Table 2-2. The more
treatments that are available, the more flexibility the
project managers have in choosing the right treatment
for a given set of specific conditions and the greater
likelihood of meeting the project objectives. The
Alternatives provide increasing flexibility from
Alternative 1 to Alternative 3. With the addition of
tebufenozide and other treatments that may become
available, Alternative 3—the preferred alternative—
would provide project managers the greatest flexibility.
This flexibility for Alternative 3 includes reducing the
cost, streamlining the process, and greater efficiency in
adding new treatments for gypsy moth management.
Cost, availability, efficacy, and site-specific
environmental effects are examples of considerations
regarding which treatment to use for a specific project.

The effects of the different treatments are summarized
by the issues in Table 2-3.

Table 2-2. Treatments available under each alternative in
this SEIS

Other
Currently treatments that
Alternative| approved |Tebufenozide
may become
treatments* -
available

1 [

2 [ ] o

3 [ ] o o

*Currently approved treatments:
Bacillus thuringiensis var. kurstaki
Diflubenzuron
Mass trapping (dichlorvos and disparlure)
Mating disruption (disparlure)
Gypchek
Sterile insect technique
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2.5 Mitigation Measures.

Given the variety of places and circumstances where
gypsy moth projects could be implemented, it will be
necessary to develop and implement specific mitigation
measures for each project. Mitigation measures will be
developed and implemented on a site-specific basis for
each project based on local conditions and concerns.

The site-specific mitigation measures developed and
employed in gypsy moth projects since the 1996
Record of Decision have been shown to be effective in
addressing human health and safety concerns, adverse
effects on nontarget organisms and potential impacts on
economic resources such as organic farms. At the same
time the objectives of gypsy moth projects have been
met. Site-specific mitigation measures will continue

to be developed and implemented. The following are
examples of project level mitigation measures that have
been employed in the past and could be implemented
for future projects.

Human Health.

e Ensure workers handling insecticides wear
appropriate personal protective gear and protective
clothing.

e Prepare a project safety plan, disseminate it to project
workers, and conduct safety briefings.

e Ensure workers handling dichlorvos insecticide strips
wear gloves and assemble the gypsy moth traps
outdoors, preferably at the trap site, and transport
traps and trapping supplies in an air-tight plastic bag.

e Use gypsy moth traps that do not contain dichlorvos,
when possible, in residential areas.

e Encourage public involvement to identify human
health issues, including concerns of people sensitive
to insecticides. Public notification is an important
part of the program, enabling those living in
treatment areas to plan their activities and avoid
exposure.

e Consider social and cultural factors. Take steps
to ensure all groups of the affected population
understand the project and are invited to provide
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input during project development, such as the
distribution of information pamphlets in languages
relevant to the affected population.

e Give notice to hospitals, schools, public health
facilities and local law-enforcement agencies of
treatments, the types of insecticides used and risks to
humans.

e Give notice of pesticide treatment projects to
organizations, groups and agencies that consist of, or
work with, people who are chemically sensitive.

e Give notice to the public when treatments are
scheduled, including the insecticides planned for use,
potential health effects and other characteristics of
the project, such as the use of low-flying aircraft.

e Give notice of treatments to people living in the
project area sufficiently in advance to allow them to
plan their activities and avoid exposure.

e Establish safety and protection measures for workers
known to be sensitive to insecticides.

e Establish buffer zones as needed (for example,
tebufenozide would not be sprayed over water or
areas where surface water is present, and buffers
will be maintained around these areas). Certain
actions like using the latest advances in application
technology as outlined in section A.5 of Appendix A
would minimize the risk of insecticides drifting into
bodies of water or sites such as organic farms.

e Mix, load, and unload insecticides in areas where an
accidental spill will not enter and contaminate bodies
of water.

Nontarget Organisms.

e Use public involvement to identify any site-specific
issues with potential for effects on nontarget
organisms (including threatened and endangered
species), and to design appropriate means to mitigate
these effects.

e Seclect treatments taking into consideration maximum
project efficiency, potential effects on nontarget
organisms (including threatened and endangered
species), and the potential for these organisms to
recolonize areas if they are displaced or die after
treatment.
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e Establish buffer zones where necessary to minimize e Mix, load, and unload insecticides in arecas where
or eliminate insecticide drift to areas of special an accidental spill will not enter and contaminate
concern, such as wilderness areas or sensitive bodies of water.
species habitats (for example, tebufenozide would
not be sprayed over water or areas where surface Mitigation Efficacy.
water is present, and buffers will be maintained The mitigation measures developed and employed in
around these areas). site-specific gypsy moth projects have proven to be

® Review maps and conduct ground inspections or effective in protecting human health and non-target
other actions as part of the site-specific analysis to organisms. At the same time, the objectives of gypsy
identify small brooks, wetlands, estuarine waters, moth suppression, eradication, and slow-the-spread

areas where threatened and endangered specie§ fare projects have been successfully met since 1996,
found, bat caves and other roosts or other sensitive

areas, and to determine actions needed to minimize
adverse outcomes.
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Table 2-3. Effects of treatments approved and proposed for use, by alternatives and identified issues. (Unless otherwise
noted, the effects are based on the maximum registered usage rate allowed by the insecticide label.)

Treatments and alternatives

Issue 1.
Risk to Human Health

Issue 2.
Risk to Nontarget Organisms

B.tk.

Alternatives 1, 2, 3

(See Appendix F for Human Health
and Ecological Risk Assessment
(HHERA))

May irritate the eyes, skin, and
respiratory tract.

Reduces human health effects
caused by gypsy moth hairs.

May reduce populations of some
spring feeding caterpillars.

Reduces effects of gypsy moths on
nontarget organisms.

Diflubenzuron
Alternatives 1, 2, 3
(See Appendix I for HHERA)

May slightly increase
methemoglobin in sensitive
individuals.

Reduces human health effects
caused by gypsy moth hairs.

Potentially affects arthropod
species that produce chitin (hard
exoskeleton) and are immature at
time of treatment.

Can temporarily increase algae
due to reduction of algae-feeding
aquatic invertebrates. (This has not
been observed in the field.)

Reduces effects of gypsy moths on
nontarget organisms.

Gypchek
Alternatives 1, 2, 3
(See Appendix G for HHERA)

Not likely to affect human health.

Reduces human health effects
caused by gypsy moth hairs.

Has no effect on nontarget
organisms.

Reduces effects of gypsy moths on
nontarget organisms.

Dichlorvos plus disparlure (Mass
Trapping)

Alternatives 1, 2, 3

(See Appendixes H and K for
HHERA)

Used in intact traps, not likely to
affect human health. Could impair
the nervous system if someone
disassembles a milk carton trap
and tampers with the dichlorvos-
impregnated strip, resulting in skin
contact or ingestion.

Not likely to affect nontarget
organisms.
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Table 2-3 (continued).

Treatments and alternatives

Issue 1.
Risk to Human Health

Issue 2.
Risk to Nontarget Organisms

Disparlure (Mating Disruption)
Alternatives 1, 2, 3
(See Appendix H for HHERA)

Not likely to affect human health.

Has no effect on nontarget
organisms.

Sterile Insect Technique
Alternatives 1, 2, 3

Has no effect on human health

Has no effect on nontarget
organisms.

Tebufenozide
Alternatives 2, 3
(See Appendix J for HHERA)

May slightly increase
methemoglobin in sensitive
individuals.

Reduces human health effects
caused by gypsy moth hairs.

May affect some Lepidoptera
species.

Reduces effects of gypsy moths on
nontarget organisms.

Other treatment
Alternative 3

Has effects no more severe than
those described in this SEIS for
currently approved treatments and
tebufenozide.

Reduces human health effects
caused by gypsy moth hairs.

Has effects no more severe than
those described in this SEIS for
currently approved treatments and
tebufenozide

Reduces effects of gypsy moths on
nontarget organisms.
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Figure 3-1. Undated historical image of workers involved in a gypsy moth
management program.
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Affected Environment

This chapter describes the environment that is or could
be affected by the gypsy moth and the USDA gypsy
moth management program.

3.1 General Affected
Environment.

Because this is a programmatic document, the
description of the affected environment contained in
this chapter is, by necessity, general. The potentially
affected environment in the United States is anywhere
vegetation susceptible to gypsy moth feeding is found.
Given the known worldwide distribution of the gypsy
moth, it is probably capable of surviving anywhere

in the United States where suitable host plants and
climatic conditions are available (McFadden and
McManus 1991, Gray 2007).

3.2 Affected Forest.

Affected Plants.

Field and laboratory studies of numerous tree species
enabled determination of the gypsy moth’s feeding
preferences (Liebhold and others 1995; and see

Appendix D for a list of susceptible plants). Forest
trees grow either in pure stands comprised of a

single species or in mixed stands as an aggregation

of different species. Plant species composition is

an important factor in determining the degree of
susceptibility of a forest to the gypsy moth (McFadden
and McManus 1991). Other factors include total
density (basal area per acre) of preferred tree species
and proportion of area covered by susceptible stands
(Figure 3-2). Stands with basal area of preferred
species greater than 20 percent are particularly at risk
(Gansner and Herrick 1984, Herrick and Ganser 1987,
Morin and others 2005).

Table 3-1 lists the total basal area of the 20 most
common and important gypsy moth hosts in the
United States. The more hardwoods, particularly
oaks, in a forest, the more vulnerable it is to the gypsy
moth. Higher numbers of susceptible species result

in increased intensity, duration, and frequency of
defoliation episodes (Davidson and others 1999).

The Forest Service classifies forested areas by
combining forest cover types into “forest type groups”
for inventory, mapping, and other purposes. Although
forest cover types are based on and named after the

Figure 3-2. Forest stands with
20 percent basal area or more
of gypsy moth host trees are at
the greatest risk of defoliation.
(Shading on the map represents
the following basal areas of
preferred hosts: white — less
than 2%; light gray — 2-20%);
medium gray — 21-39%; dark
gray — 40-79%.)
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Table 3-1. Top 20 tree species in the United States preferred
by gypsy moths, ranked by total basal area (BA).

Common . Total BA
Species
Name (100,000,000 ft?)
White oak Quercus alba 14.30
Sweetgum Liquidambar styraciflua 11.60
Quaking Populus tremuloides 10.10
aspen
Northern
red oak Quercus rubra 9.62
Black oak Quercus velutina 7.31
Chestnut oak | Quercus prinus 6.84
Post oak Quercus stellata 5.47
Water oak Quercus nigra 4.34
Paper birch Betula papyrifera 3.81
Southern
red oak Quercus falcata 3.75
Scarlet oak Quercus coccinea 3.31
American Tilia americana 2.41
basswood
Western larch | Larix occidentalis 2.40
Laurel oak Quercus laurifolia 1.94
Bigtooth Populus grandidentata 1.90
aspen
Tan oak Lithocarpus densiflorus 1.64
Willow oak Quercus phellos 1.49
California ..
red 0ak Quercus kelloggii 1.45
Eastern Lo
hophornbeam Ostrya virginiana 1.26
Canyon .
live oak Quercus chrysolepis 1.14
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tree species dominating the stand, other tree species
may be present. These associated tree species may be
susceptible to the gypsy moth as well.

Oak-hickory is the largest and most diverse susceptible
forest type group, extending from the Great Plains to
the eastern seaboard. Oak-pine types are found in the
South. Oak-gum-cypress types are bottomland forests,
typically found in the South and Southeast, especially
within the Mississippi Delta and Piedmont. Aspen-
birch forests are located in the North Central States.
All of these forest types are susceptible to the gypsy
moth.

Much of south-central and southeastern Alaska has
climate and trees (paper birch, willow and alders)
suitable for the gypsy moth. Aspen types are the most
abundant hardwood in the intermountain area, while
oak types predominate in California and red alder in the
Pacific Northwest.

Compared with the European strain, the Asian strain

of the gypsy moth feeds on more plants (Baranchikov
1989, USDA 1992). In addition to feeding on the same
plant species as the European strain, the Asian strain of
the gypsy moth will feed on larch and tamarack (Larix
spp.) in Siberia, eastern Asia, and Japan (USDA 1992),
and on both eastern (L. laricina) and western larch (L.
occidentalis) in the United States.

Affected Areas.

Uninhabited Forest.

Land use in uninhabited forest areas is dependent on
the individual landowner’s management objectives
(e.g., timber, wildlife, esthetics, recreation). This
classification of forest has no or few residences and few
if any paved roads. Uninhabited forest areas exhibit
nearly complete forest canopy coverage, typically with
three layers composed of subcanopy vegetation, ground
layer vegetation, and a layer of organic debris at the
soil level. The layers of vegetation serve to reduce
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the impact of raindrops and the subsequent chance of
erosion due to overland runoff.

Forest Recreation Areas.

Recreation sites typical of rural settings include
municipal, county, and state parks, national parks,
monuments, forests and grasslands, public and private
campgrounds, hiking trails, winter sports complexes,
vacation cabins, forest lands for backpacking, and lakes
and rivers used for hunting, fishing, and boating. Rural
roads and scenic vistas provide attractive and tranquil
settings, drawing many visiting tourists from populous,
developed areas. All of these areas may be subject to
gypsy moth outbreaks.

Forest Residential Areas.

Suppression projects are often conducted in areas
where forests and people meet. Examples are forested
residential areas that contain single- and multiple-
family housing, parks, cemeteries, schools, churches,
and small businesses; and woodlots in farm areas

that offer the potential for gypsy moth movement.
These areas are typically occupied year-round, with
landowners directly experiencing the impact of gypsy
moth defoliation. Homeowners generally place a
high value on their trees for shade, esthetics, privacy,
investment, and wildlife habitat, and are consequently
concerned when this resource is threatened. Several
studies reveal that trees increase property values 5 to
15 percent (Dwyer and others 1992). The presence of
defoliated, dying or dead trees can decrease property
value and marketability. The cost to remove a dead
tree and stump is potentially hundreds of dollars.

Developed Areas.

Natural plant communities in developed areas tend to
be fragmented and small, as native plants are frequently
replaced with nonnative species.

Forest Condition.

Indicators of forest condition include tree mortality
rates, tree growth rates, degree of insect damage

(defoliation by gypsy moths), and species composition
in the understory and canopy. Gypsy moth defoliation
can not only cause mortality of trees, but can also affect
the composition of forest communities.

The gypsy moth is not the only introduced pest that can
adversely affect the Nation’s forest resources. Chestnut
blight and Dutch elm disease in the past, and more
recently beech bark disease, dogwood anthracnose,
emerald ash borer, hemlock woolly adelgid, Asian
longhorned beetle, Sirex woodwasp, butternut canker,
and others threaten both natural and urban forests.

As the gypsy moth and other introduced insects and
pathogens spread, they all add stress to forest areas.
This stress may be responsible, in part, for documented
cases of widespread mortality where no single agent
appears to be responsible (Weiss and Rizzo 1987).

Water Quality.

Lakes, streams, rivers and other surface waters in
areas with plants susceptible to feeding by gypsy moth
caterpillars may be part of the affected environment.
Indicators of water quality include flow rate and water
chemistry.

Microclimate.

Microclimates created by moisture and temperature
conditions found in forests vary by the amount of
annual precipitation, elevation, and forest type group.
Microclimates may potentially be affected in areas with
trees susceptible to gypsy moth feeding.

Soil.

Soil types capable of supporting vegetation susceptible
to gypsy moth feeding are potentially part of the
affected environment. Soil supports a great diversity
of organisms, such as earthworms, arthropods, and
microorganisms, which may live in the surface layer,
beneath leaf litter, or throughout several soil layers.

Soil structural differences support a wide range of soil-
dependent organisms; for example, ground-dwelling
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arthropods in urban settings are less diverse than those
commonly found in undeveloped areas (Gilbert 1989).
Impervious surfaces in developed areas prevent air and
water from penetrating the soil, which is often more
disturbed and compacted than in undeveloped areas.
These conditions contribute to a general reduction

of plant vigor, root penetration, nitrogen fixation by
legumes, and invertebrates to consume and recycle
organic matter.

3.3 Affected Human
Populations.

Many factors influence the health of people, including
diet, climate, airborne diseases, cultural traditions,
emotional well-being, income, access to medical
facilities, and contaminants in soil, air, and water.
People living in or near areas with trees could be
exposed to the gypsy moth and treatments. Particularly
susceptible people include those with allergic reactions
to gypsy moth hairs (Figure 3-3), respiratory ailments,
chemical sensitivities, pregnant women, children, and
the elderly (Allen and others 1991, Tuthill and others
1984). Those who work in the woods or with trees,
mix or apply insecticides, or work in laboratories with
gypsy moths could frequently be exposed to gypsy
moths and treatments.

Perceptions and behaviors of individuals vary,
depending upon their familiarity with the presence

of gypsy moth caterpillars and the use of treatments.
Reactions to the gypsy moth are usually strongest
where outbreaks occur for the first time; people become
alarmed when huge numbers of gypsy moth caterpillars
suddenly appear. Perceptions and behaviors in
response to the presence of gypsy moth caterpillars

and gypsy moth treatment projects may also vary by
location. Because urban dwellers are less likely to be
exposed to the caterpillars and may never encounter the
gypsy moth, they generally do not perceive the moths
as being a problem unless the trees in their own yard
are directly affected.
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Figure 3-3. Gypsy moth hairs can cause irritation.

Suburban and rural area residents are more likely to be
alarmed by large populations of gypsy moth caterpillars
and treatment efforts. Inhabitants of rural agricultural
areas tend to be less concerned about spraying to
control gypsy moth populations due to their familiarity
with spraying of agricultural crops.

3.4 Affected Nontarget
Organisms.

General.

Virtually all wildlife in the United States that require
trees as a part of their environment are within

range of the gypsy moth. Mammals, birds, fish,

and butterflies, for example, live in environments
potentially affected by the gypsy moth or gypsy moth
treatments. Detrimental effects of gypsy moths on
native Lepidoptera were noted in a West Virginia study
(Sample and others 1996).
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Animal diversity is generally lower in developed
areas, where native animal communities tend to be
fragmented and small. Animals that do well in urban
or fringe areas usually reproduce rapidly, and exhibit
flexible behavior patterns, enabling them to exploit
diverse food sources (Gill and Bonnet 1973). Species
in urban areas (squirrels and birds like starlings, robins,
and crows), which adapt to high human population
density, are often found in greater numbers. Domestic
animals and pets also comprise a sector of the animal
life in areas with high concentrations of people. In
contrast, forested areas sustain various populations,
including birds (such as warblers, vireos, thrushes,
flycatchers, and raptors), as well as large and small
mammals such as bobcats and other predators.

Opossum, skunk, raccoon, and squirrel do well in both
developed and undeveloped areas, and may be found in
areas providing sufficient green space for cover. Larger
mammals, such as bear, moose, and wolf, that are
sensitive to human disturbances, require larger home
ranges and tend to inhabit undeveloped regions.

The diversity of birds is lower in urban settings than in
undeveloped areas (Gill and Bonnett 1973). Most bird
species in urban areas are year-round residents or short-
distance migrants rather than neotropical migrants,
which are more common to undeveloped areas.

Reptiles and amphibians do not fare well in developed
areas where native vegetation, breeding sites and cover
have been disturbed. Loss of habitat, travel barriers
and pollution are reasons for fewer numbers of reptiles
and amphibians in developed areas than in more natural
areas (Campbell 1974a).

Threatened and Endangered Species.
Any species that is listed or proposed for listing as a
threatened or endangered species and found in or near
forested habitats could potentially be affected by the
gypsy moth or gypsy moth treatments. Federally listed
species of moths, butterflies, and insect-eating birds are
of particular concern.
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Figure 4-1. This experiment station and insectary in Malden, Massachusetts, was
used for some of the earliest research on the gypsy moth.
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Environmental Consequences

This chapter examines, on a national scale, the
environmental consequences of the alternatives, as
they relate to the issues of human health and nontarget
organisms associated with the treatments that could be
used. It updates the general background information
presented in the 1995 EIS, and the human health and
ecological risk information for the gypsy moth and for
currently approved treatments. Included is a discussion
of the significance of the incidence of human flu and
exposure to B.t.k. on human health. This chapter also
presents human health and ecological risk information
for tebufenozide (Alternatives 2 and 3) and other

new treatments that may be available in the future
(Alternative 3). All of the information on tebufenozide
iS new.

4.1 Alternatives and
Treatments.

Chapter 2 stated the three alternatives. Table 4-1 lists
the treatments that would be available under each
alternative.

Table 4-1. Treatments available for use, by alternative

4.2 Risk Assessments and Risk
Characterization.

Overview.

The consequences of the treatments in each alternative
were determined by risk assessment for each treatment
as well as for gypsy moth (no treatment) and a risk
comparison among the treatments and gypsy moth (see
Appendixes F-L for the risk assessments, and Appendix
M for the risk comparison).

A risk assessment provides a logical process for
evaluating data and analyzing potential effects of the
gypsy moth and treatments. Risk assessments take into
account the manner in which treatments are used in
gypsy moth projects, including how treatment agents
are applied, the amount applied, and the types of areas
that receive treatment.

Standard steps in the risk assessment process were
followed:

* Hazard identification—gathers known information
from laboratory and field studies on toxicity of the
gypsy moth and treatment agents.

. . Alternative 3
Alternative 1 Alternative 2 .
Treatment . . Add tebufenozide and
No action Add tebufenozide
other treatments
B.t.k.* ) () ®
Diflubenzuron* ® ® )
Gypchek* L ] )
Mass Trapping (Disparlure, or disparlure and dichlorvos)* ) ) )
Mating disruption (Disparlure)* ] ] )
Sterile insect technique* ) ) )
Tebufenozide e )
Other treatments ®

* Currently approved treatments
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* Exposure assessment—describes the nature and
magnitude of contact with the gypsy moth and with
treatment agents as they are used in gypsy moth
treatment projects.

* Dose-response assessment—determines how much
exposure to the gypsy moth and to treatment agents is
needed to produce the response (effect) described in
the hazard identification.

« Risk characterization—combines information
from previous steps to describe the plausibility of
observing certain effects of the gypsy moth and of
treatments.

Each step in a risk assessment is accompanied by
uncertainties, caused by limitations either in the
available data or in the ability to relate the data to
scenarios of concern. To compensate for uncertainties,
risk assessment results tend to be conservative,
meaning they are more likely to overestimate risks than
to underestimate them.

Human Health and Ecological Risk Assessments
(HHERA) were prepared by risk assessment experts
(Syracuse Environmental Research Associates, Inc.
[SERA]), using the best available data. The HHERAS
also underwent independent technical review by
other recognized experts in risk assessment methods,
toxicology, and other applicable fields (consultants
retained by SERA, and toxicologists and program
specialists from APHIS and the Forest Service). The
HHERASs and this chapter cover the issues raised in
scoping for this SEIS for both human health (human
health assessment portion of HHERA) and nontarget
organisms (ecological risk assessment portion of
HHERA).

Many uncertainties are inherent in conducting and
interpreting risk assessments; however, the data
available on the agents covered by the risk assessments,
modeling, equations and statistics all taken together
with the understanding of uncertainties provide
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adequate information to characterize the relative
hazards associated with the agents evaluated. To
compensate for missing data and any uncertainties in
the data, numerical uncertainty factors are used in the
dose-response assessments for potential human health
effects, and conservative assumptions are used in both
human health and ecological risk assessments. In
addition, it is virtually impossible to precisely calculate
an exposure value for every situation that may arise.
Therefore, models, equations, and statistical techniques
were used to quantify both plausible and extreme
exposures, and ranges of toxicity values were used to
reflect ranges of sensitivity. These ranges for exposure
and toxicity were then used to numerically characterize
risk with hazard quotients that are typically expressed
as central estimates with upper and lower bounds.

HHERASs were prepared for each of the treatments
in the alternatives (Appendixes F through K) and for
the gypsy moth itself (Appendix L). Results of the
HHERASs are summarized later in this chapter. The
relative risks of the insecticides and treatments are
illustrated in a risk comparison evaluation in
Appendix M.

Hazard Quotients.

Risks to human health and to nontarget organisms

can be estimated numerically using hazard quotients
(HQs). HQs can be calculated only for effects on
populations of biotic (living) organisms. The HQ is

a screening tool commonly used in risk assessments.
The HQ is a ratio of the exposure estimate for a
particular and defined situation (labeled or prescribed
conditions) for a representative population (human or
nontarget species), divided by an effect level (dose or
concentration level). The HQ takes into account the
inherent toxicity of a substance, as well as its ability to
produce specific effects on an organism (or population
of organisms), and the degree of exposure. The HQs
for currently approved treatments and tebufenozide are
described in Appendix M. Table 4-2 provides the HQs
for all of the treatments and for the gypsy moth.
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As an example, refer to the upper bound of the HQ
for B.t.k. for nontarget aquatic species—0.5, in
Table 4-2. This HQ was derived from an exposure

estimate of 0.24 mg/L, which is calculated as the peak

concentration of the B.t.k. formulation in water after
a direct spray. This exposure estimate serves as the
numerator for the HQ. The toxicity value of 0.45
mg/L is the NOEC (no observed effect concentration)

Table 4-2. Comparative Hazard Quotients (HQs) for the effects of gypsy moths and treatments on human health and nontar-
get organisms. (Wherever a 0 appears, the hazard quotient value is less than 0.01.)

Population Gypsy Moth B.tk. Dichlorvos | Diflubenzuron Disparlure Gypchek | Tebufenozide
HQ HQ HQ HQ HQ HQ HQ
Human 1.6 t0 625 0t00.04 0to 380 0.05to 0.5— 0 010 0.02 0.03t0 1.5
health workers
0.09t0 0.1—
public
(See Table Upper range is|Unlikely Upper Upper range No potential No risks are [Highest HQ
3-4 of based on effects range based |for workers risk can be plausible based on
Appendix M |major on child based on identified long-term
for in-depth |outbreaks tampering ground spray consumption
comments) with strip operations of
contaminated
fruit
following two
applications
at the highest
application
rate
Nontarget 0.25t0 400 0.36t094 |0 0.18t0 32 0 0 Oto4
terrestrial
species
(See Table Upper range  |Upper range |Effects not  [Upper range No potential Effects not |Upper range
4-4 of based on based on likely based on hazard likely based on the
Appendix M |gypsy moth |sensitive sensitive species |identified consumption
for in-depth |outbreak in  |caterpillars of invertebrates of
comments)  [sensitive of moths contaminated
stands and vegetation by a
butterflies large mammal
Nontarget 0 0to 0.5 0 0to5 0to0.4 0 0to0.4
aquatic
species
(See Table No adverse  |Upper No risks Upper Upper No adverse |[Upper range
4-5 of effects level plausible range based range based effects based on
Appendix M based on in normal on acute on acute longer term
for in-depth sensitive use. HQ exposure exposures toxicity in
comments) species for aquatic  |to aquatic to sensitive sensitive
invertebrates |invertebrates aquatic aquatic
could reach |(Daphnia) invertebrates invertebrates
up to 8in (Daphnia)
accidental
exposures
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from a reproduction study in Daphnia magna, an
aquatic invertebrate. This toxicity value serves as the
denominator for the HQ. Thus, the HQ is calculated as
follows:

HQ = exposure estimate/toxicity value
=0.24 mg/L / 0.45 mg/L
=0.533...=0.5

Note that the HQ in the above example is rounded to
one significant place. This is a common practice in
presenting HQ values except for those in which the
level of concern is marginally exceeded, i.e., an HQ of
1.45 would be rounded to 1.4 but not to 1.0.

In risk management, the HQ must be used in
conjunction with other factors and characteristics

of a substance, such as the quality and quantity of
substantiating evidence (published scientific literature,
data, models, and risk assessments done by others such
as industry and universities), the severity of potential
adverse effects, and the nature of the affected species
and populations.

In some cases numerical expressions of risk (HQs) do
not adequately convey the potential for hazard. For
example, a high HQ for a mild effect, such as skin rash,
is probably more acceptable than a much lower HQ for
a more serious effect like neurotoxicity. Therefore, the
use of HQ as an expression of risk and “acceptability”
requires that a qualitative perspective also be injected
into the analysis. Ecological risk assessments often
involve considerations of many different species

of plants and animals, and abiotic factors, and their
interrelationships and interactions. Invariably, few
data sets are available, and field studies provide only
an overview of the complex interrelationships and
secondary effects among species. Human health risk
assessments and ecological risk assessments cannot
offer a guarantee of safety. Both risk assessments offer
a way to estimate the adverse effects and their severity.
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4.3 Consequences of the Gypsy
Moth.

This section provides existing and updated information
on the gypsy moth. It is intended for use with site-
specific project analysis and for general information
for the reader. See Appendix E for information on

the history and biology of the gypsy moth. See
Appendixes L and M for detailed analysis of risks
associated with gypsy moth.

General Effects of the Gypsy Moth.

Forest Condition—Effects of Defoliation on
Vegetation.

When gypsy moth populations are low, nearly all
feeding and defoliation occurs on favored hosts,

such as oaks (Campbell and Sloan 1977a). During
population outbreaks gypsy moth caterpillars feed on
more than 300 species of broad-leaved and coniferous
trees and shrubs (Leonard 1981) (Appendix D, Plant
List). Trees stripped of 50 percent or more of their
leaves are likely to refoliate the same season, although
new leaves are fewer and smaller than the originals
(Wargo 1981a). The impact of defoliation depends on
five key factors:

(1) How much foliage is removed;

(2) The number of successive years of defoliation;

(3) When defoliation occurs in the growing season;

(4) The presence and number of secondary organisms;
and

(5) The physiological condition of the tree (Parker
1981).

Defoliated trees already under stress from drought
or other factors often succumb more quickly than
healthier trees.

After gypsy moth outbreaks, red maple (Acer rubrum)
numbers may increase and oak numbers decrease

in Appalachian forests (Allen and Bowersox 1989,
Gansner and others 1994, Hix and others 1991),
because red maple is not a preferred host and oaks are



Environmental Consequences

preferred. Trends in New England and Pennsylvania
reveal a shift in composition towards less oak, with
some stands having major losses and others having
only minor changes (USDA Forest Service 1994f).
Moderate-to-heavy defoliation accelerates forest
succession towards more shade-tolerant (and less
defoliation-prone) species (Campbell and Sloan 1977a,
Clement and Nisbet 1972, Feicht and others 1993,
Houston 1981b, Stephens and Hill 1971).

An area that is defoliated for only 1 year will have
minimal long-term effects. However, repeated
defoliation by even non-epidemic levels of gypsy moth
larvae could have a significant, negative effect on the
radial growth of preferred trees, except possibly aspen
(Muzika and Liebhold 1999, Naidoo and Lechowicz
2001). Small feeder roots die, reducing water and
mineral uptake and slowing tree recovery (Wargo
1978b). The effects of a single heavy defoliation in

a mixed stand of oaks in eastern New England were
visible for 10 years (Campbell and Sloan 1977a).
Decreases in stem volume growth in southern New
England averaged approximately 20 percent in any
year a tree was defoliated compared with no defoliation
the previous year, and growth loss was evident up to

3 years after defoliation (Twery 1987, Wargo 1981a).
Overall stand volume may decrease initially (Gansner
and Herrick 1982, Herrick and Gansner 1988) and then
may increase over time (Gansner and others 1993b).

Defoliation reduces carbohydrate (starch) production
(Heichel and Turner 1976, Kozlowski 1969) forcing
trees to use root starch reserves. Most trees can tolerate
2 years of defoliation before root starch reserves

are depleted (Wargo 1981a). Depletion of reserves
weakens trees, making them vulnerable to secondary
organisms that cause further decline and death. In the
eastern United States the principal secondary organisms
are the shoestring fungus (Armillaria mellea) and the
two-lined chestnut borer (Agrilus bilineatus) (Houston
1981a, Wargo 1981b).

Increased light due to defoliation causes herbaceous
plants to rapidly expand their density and coverage
(Gottschalk 1988). In some areas that are subject
to intense deer browsing, defoliated trees may fail
to regenerate, and shrubs or herbaceous plants can
dominate (Gottschalk 1988).

Heavy defoliation by the gypsy moth increases fire
danger (Gottschalk 1990a). An abundance of heavy
fuel, standing dead snags, dense understory vegetation,
and numerous fallen trees act in combination to
promote spot fires, impede fire line construction, and
extend the time needed for post-fire mop-up operations
(Tigner 1992).

Forest Condition—Tree Mortality.

Several factors interact to produce tree and stand
mortality: severity, frequency, and distribution of
defoliation, site and stand factors, environmental
conditions, tree vigor, crown condition, and presence
and abundance of secondary organisms (Campbell and
Valentine 1971, Kulman 1971, Staley 1965, Campbell
and Sloan 1977a, Gansner and others 1978, Wargo
1978a, b, Campbell 1979, Herrick and Gansner 1987,
Fosbroke and Hicks 1989, Herrick 1982, Tigner 1992,
Feicht and others 1993, Gottschalk and MacFarlane
1993). Oak mortality in initial outbreaks is greater than
in later outbreaks (Davidson and others 1999). Oaks
and other susceptible species experience more severe
and frequent defoliation and have higher mortality than
do nonsusceptible species (Campbell and Sloan 1977a;
Herrick and Gansner 1987; Quimby 1985, 1987).

Mortality can vary from stand to stand, even when
stands have similar characteristics with mortality 80
to 100 percent in some stands (Campbell and Sloan
1977a, Gansner and Herrick 1984). Most mortality
occurs during and after the initial outbreak (Twery
1991) with severe mortality along and behind an
advancing outbreak front as the gypsy moth invades
new areas (Gansner and Herrick 1984, Herrick

and Gansner 1986, Twery and Gottschalk 1988).
Subdominant trees typically have much higher
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mortality rates than dominant trees, after heavy
defoliation (Campbell 1979, Gansner and others 1993c.
Quimby 1993). The most common response to canopy
gaps created by tree mortality is increased growth and
density of existing understory woody plants (Collins
1961, Ehrenfeld 1980, Feicht and others 1993, Hix and
others 1991, USDA Forest Service 1994f).

Drought may increase the severity of gypsy moth
effects on trees (Bess and others 1947, Campbell and
Sloan 1977a, Stephens and Hill 1971). Should severe
drought occur with repeated years of defoliation, the
cumulative impacts may increase mortality. Stress
from disturbances, such as timber cutting or fire, and
naturally occurring oak decline can also increase
mortality.

Forest Condition—Seed and Mast Production.
Nuts, seeds, and fruits that serve as food for animals

in the forest are called mast. Seed production by
defoliated oak trees is reduced directly through
consumption of oak flowers and young acorns by
gypsy moth caterpillars, and indirectly by abortion of
acorns and—in the years after defoliation—reduced
initiation of flower buds. Significant mortality of oaks
(more than 60 percent of basal area in a stand) must
occur before acorn production is reduced significantly
(Gottschalk 1990b). Over the long term, an increase in
soft mast, particularly berries, replaces the loss of hard
mast such as acorns (Gottschalk 1990a), and mammals
that usually eat acorns may start eating this soft mast.

Water Quality.

Defoliation by the gypsy moth may affect a number

of characteristics of nearby water bodies, including
temperature, flow rate and yield, sediment load, acidity
levels, oxygen availability, nutrient concentration, and
structural habitat for aquatic organisms. Defoliated
riparian areas receive increased exposure to the sun.
Increases in the amount of light penetrating stream
surfaces and changes in water temperature can affect
both plants and animals in the stream. Various factors
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influence stream temperature at a given point, including
flow volume, hydraulic gradient, ground water
discharge, degree of shading, and upstream conditions.
Actual changes to water temperature vary from site to
site and depend in part upon the degree and duration

of defoliation (USDA Forest Service 1994f). On a
headwater stream under a dense tree canopy, light
penetration increased from 5 to 18 percent to 73 percent
after a “massive” gypsy moth outbreak in Rhode Island
(Sheath and others 1986). Water temperature increased
by 3.7 °C (6.7 °F) in early July, and algal growth in the
streambed increased dramatically.

Defoliation by the gypsy moth has been shown to
increase water yield (Corbett and Lynch 1987), in part
due to fewer available leaves to transpire moisture from
the soil (Twery 1991). Increased water yields from
forested watersheds may produce beneficial results,
such as creating more wet areas during summer, which
might enhance habitat for amphibians. Conversely,
increased stream discharge may have a destabilizing
effect on herbivorous insects (Eagle 1993).

Sediment loads from forested land are usually

low; however, increases in stream velocities due to
increased water yield can lead to increased erosion,
sedimentation, and turbidity. Timber cutting, exclusive
of disturbances caused by road construction and log
removal, usually has little if any effect on stream
turbidity and sedimentation (Corbett and Lynch 1987).
Therefore, gypsy moth defoliation would be unlikely to
cause an increase in watershed erosion.

Whenever defoliation by the gypsy moth causes tree
mortality in riparian areas, the structural habitat of
streams may be altered by deposition of woody debris
in affected streams. Debris dams may trap more
organic material, lengthening the time it is available for
ingestion by benthic invertebrates and leaf shredders,
and allowing for more complete energy utilization.
Large, woody materials also provide improved fisheries
habitat (USDA Forest Service 1994f).
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Defoliation by the gypsy moth may contribute to
alterations in water chemistry and a reduction in the
capacity to neutralize acids in some streams associated
with upland watersheds in the southern Appalachian
region (USDA Forest Service 1994f). Defoliation
temporarily produces conditions typical of winter,
such as reduced acid-neutralizing capacity and
increased acidity (Downey 1991). Acid-neutralizing
capacity determines the concentrations of hydrogen
and aluminum in solution, which at elevated levels are
toxic to fish and other aquatic organisms. The acid-
neutralizing capacity of streams increases seasonally,
when deciduous leaves are present in the tree canopy.

Increased organic matter in streams from gypsy moth
frass and leaf fragments, in combination with increased
light penetrating the surface of the water, may lead to
over-enrichment and result in excessive growth of algae
and other microorganisms. This bloom could cause

a reduction in oxygen available to other organisms

in the stream. Large increases in fecal coliform and
streptococci densities have been observed in streams
where heavy gypsy moth defoliation has occurred
(Corbett and Lynch 1987).

Defoliation is also suspected of causing increased
nitrate mobility, which would allow nitrate to be

lost from a site. Elevated concentrations of nitrate

in streams have been associated with forest harvest
(Vitousek and Melillo 1979) and defoliation by insects
(Swank and others 1981, USDA Forest Service 1994f).
Defoliation by the gypsy moth can accelerate the
transfer of nutrients from vegetation to the soil surface;
however, there is little evidence that these nutrients are
lost from the site and enter adjacent water bodies to a
significant degree (Eagle 1993, Grace 1986).

Soil Condition.

Gypsy moth defoliation probably increases the rate
of decomposition of organic matter and decreases
soil moisture content because the greater penetration
of sunlight increases biological activity (Grace 1986,

Tomblin 1994). These changes should result in short-
term increases in biological productivity.

Microclimate.

The microclimate of defoliated areas is affected by
rises in soil, leaf litter, and ambient air temperatures
due to increased exposure to sunlight (\Vaughan and
Kasbhohm 1993), and the associated effect of increased
dessication due to lower humidity.

Risk to Human Health (Issue 1).

General.

People coming in contact with gypsy moth larvae may
have skin irritation, resembling mosquito bites, with
raised patches of skin approximately 0.25 to 0.5 inches
in diameter (Tuthill and others 1984). Some people
may have itching persisting several days to 2 weeks
and sufficiently severe to cause them to seek medical
treatment. Heavy infestations or extreme outbreaks
potentially cause eye and respiratory effects in some
individuals. Heavy infestations are often considered

a public nuisance, causing esthetic damage to the
environment through tree defoliation which may induce
stress or anxiety in some individuals.

Groups at Special Risk.

Young children are potentially at greater risk of effects
from gypsy moth exposure perhaps because they spend
more time outdoors than adults (Aber and others 1982,
Anderson and Furniss 1983, Tuthill and others 1984).

Risk to Nontarget Organisms
(Issue 2).

Mammals.

Fur reduces the risk of direct contact with gypsy
moth hairs making skin irritation unlikely. Evidence
of irritation to the eyes and or respiratory tract in
mammalian wildlife species after direct contact with
the gypsy moth was not found in the literature.
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To determine the effects of a gypsy moth outbreak

on a population of black bears (Ursus americanus),
Vaughan and Kasbohm (1993) monitored the behavior
of 54 radio-collared black bears in the Shenandoah
National Park after a gypsy moth outbreak that caused
widespread defoliation, hard mast failures, and tree
mortality. The outbreak had no apparent effects on cub
production or mortality rates of cubs or adults. In the
fall, before the gypsy moth infestation, the bears ate
mostly acorns. When acorns were no longer available
due to defoliation, the bears switched to eating fruit,
which had no apparent impact on the nutritional quality
of their diets. Seventy-one percent of bear dens were
in tree cavities, primarily in living oaks. Gypsy moth-
induced mortality of den trees was high and, by the end
of the study, 54 percent of the living oaks used as dens
were dead. While no short-term effects were noted,
Vaughan and Kasbohm (1993) speculated that the long-
term adverse impact of defoliation on black bears may
be a reduction in den sites, with natural replacement
possibly requiring 50 years. Conversely, black bears
will use upturned stumps of large dead trees as dens.
These would be expected to increase as tree mortality
increases.

Variations in acorn and other mast production are
directly related to variations in populations of squirrels,
mice, and other small mammals (Brooks and others
1998). Acorn crop size in the fall directly affects the
population density of mice living in oak-dominated
forests the following spring (McShea and Rappole
1992, McShea and Schwede 1993). A decrease

in acorn production has been shown to decrease

the population of white-footed mice (Peromyscus
leucopus) (Elkinton and others 1996, 2002).

White-tailed deer will migrate to areas that have not
been defoliated. Nesting failures of grouse and turkey
may increase. Bear, turkey, and bats may migrate to
nondefoliated areas or less defoliated areas (USDA
1995).

Chapter 4 - Page 8

Sample and others (1996) found no significant effects
on the consumption of insects by Virginia big-eared
bats in areas of high gypsy moth infestation and
defoliation.

Birds.

Some species of birds appear to avoid the gypsy moth
as a prey species (Smith 1985), perhaps because of
larval hairs. Reported increases in nesting failures of
various species of birds appear to be due to increased
predation, increased weather stress, or both, which are
associated with defoliation (Thurber and others 1994).

Gypsy moth infestations and subsequent defoliation
may be beneficial to some species of birds, especially
species that favor dead wood (snags) as a habitat (Bell
and Whitmore 1997a, b; DeGraaf 1987; DeGraaf

and Holland 1978; Showalter and Whitmore 2002).
Available nesting and foraging resources increased for
several bird species as a result of more snags, windfall,
and shrub cover after defoliation, while there was no
substantial impact from upper canopy defoliation on
birds residing primarily in the forest canopy (Bell and
Whitmore 19974, b).

Cavity-nesting birds benefit indirectly from a gypsy
moth outbreak (Showalter and Whitmore 2002).

Bird density increased in plots with low to moderate
defoliation (Thurber 1993). Species richness increased
from 19 to 23 species per plot, with declines noted only
for tree nesters and flycatchers on high-impact plots
(Thurber 1993). Increases in low shrub and ground
nesters, cavity nesters, low shrub and ground foragers,
bark foragers, forest edge species, short-distance
migrants, year-round residents, and woodpeckers were
widespread, but most pronounced on moderate-impact
plots. DeGraaf and Holland (1978) reported similar
results, finding significantly fewer numbers of only 4
out of 36 bird species examined in heavily defoliated
areas. No substantial effects on abundance of various
species of birds in defoliated and nondefoliated stands
were noted in central Pennsylvania over a 2-year period
(DeGraaf 1987).
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Terrestrial Invertebrates.

Some lepidopteran species may be adversely affected
by gypsy moth outbreaks. Redman and Scriber (2000)
examined the adverse effects of the gypsy moth on the

northern tiger swallowtail butterfly (Papilio canadensi).

Direct effects included 100 percent mortality in Papilio
larvae exposed to leaves painted with gypsy moth body
fluids, and 84 percent mortality in Papilio larvae fed
leaves from aspen stands infested with gypsy moth
larvae.

The potential adverse effects of gypsy moth outbreaks
to Lepidoptera was also investigated in a study
designed to compare lepidopteran populations in 50
acre plots in mixed oak, hickory, and pine forests in
West Virginia (Sample and others 1996). Decreases
in abundance and richness of larvae and adults from
the family Arctiidae (tiger moths) were apparent in
plots infested with gypsy moth larvae, compared with
uncontaminated plots.

The impact of the gypsy moth is negative to only

a small proportion of the lepidopteran community,
primarily species that feed on oak and for which the
larval development of the affected species and gypsy
moth presumably coincide (Work and McCullough
2000). Although the study does not address the
mechanism(s) by which the gypsy moths adversely
affect the lepidopteran community, the investigators
suggest they might include altered host plant quality,
increases in natural enemies, or microclimate changes.

Some reports suggest that certain lepidopteran species
respond positively to gypsy moth infestations. In 1981,
the number of butterfly species was at a record high for
the New Haven, Connecticut, area, despite the record
number of acres defoliated by the gypsy moth that
same year (Schweitzer 1988).

Fish.

Little information is available regarding the effects
of gypsy moth infestations on fish populations.
Defoliation by the gypsy moth can result in an

increase in the pH and temperature of ambient water
(Downey and others 1994, Webb and others 1995a).
Trout, which are very sensitive to changes in pH and
temperature, could be adversely affected by such
changes (Downey and others 1994). No direct data are
available on the biological effects of such changes due
to gypsy moth defoliation (Webb and others 1995a).

Aquatic Invertebrates.

The rate of leaf breakdown in streams apparently
increased due to gypsy moth defoliation, which might
result in food deficits during spring for shredders, such
as caddisflies, stoneflies, and some dipterans (Hutchens
and Benfield 2000). The number of shredders
collected, however, was greater in disturbed streams
(i.e., streams in areas of gypsy moth defoliation) than
in control streams.

Cumulative Effects of the Gypsy
Moth.

Risk to Human Health (Issue 1).

The available data do not permit a definitive
assessment of the effects of exposure to the gypsy
moth over several seasons. Some individuals may
become sensitized to the gypsy moth after repeated
exposures over one or more seasons. Young children
may be a group at special risk from effects of gypsy
moth exposure, but it is not clear whether children are
more sensitive than adults to gypsy moth exposure or
whether responses in children appear greater because
children spend more time outdoors than adults do.

Risk to Nontarget Organisms (Issue 2).

Effects due to the gypsy moth would be cumulative in
situations of repeated outbreaks and defoliation in the
same area. Repeated defoliation would lead to changes
in forest condition that are characterized by increased
tree mortality, stand structure and composition changes,
a shift from production of hard to soft mast, and
increased fire danger.
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Habitats of wildlife species are altered more with
each successive outbreak of the gypsy moth.
Recolonization of species lost or displaced due to
changes in habitat is possible; however, large areas of
defoliation and frequent repeated defoliation do not
favor recolonization by species with low dispersal
capabilities.

Economic and recreational consequences that
accumulate with repeated multiyear outbreaks

include these: costs associated with annual cleanup;
maintenance and replacement of trees that die; and loss
of value from reduced growth and mortality of trees.

4.4 Consequences of Bacillus
thuringiensis var. kurstaki (B.t.k.)
(Alternatives 1, 2, 3)

See Appendixes F and M for detailed analysis of risks
associated with B.t.k.

General Effects of B.t.k.

B.t.k. may indirectly help to maintain existing
forest conditions, water quality, microclimate, and
soil condition by delaying increases in gypsy moth
populations, thereby protecting tree foliage.

Risk to Human Health (Issue 1).

General.

B.t.k. and its formulations may cause irritation to the
skin, eyes, and respiratory tract; however, serious
adverse health effects are improbable. Overt signs of
systemic toxicity are not likely to be observed in any
group—ground workers, aerial workers, or members
of the general public—that is exposed to B.t.k. as the
result of gypsy moth management programs conducted
by the USDA (Appendix M). Throat irritation is the
most frequently documented effect of B.t.k. on human
health in the scientific literature (Appendixes F and
M). Dermal and ocular irritations are observed at the
extreme upper levels of exposure.
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There is little indication that B.t.k. is associated with
pathogenicity in humans and no indication of endocrine
disruption or reproductive effects. Carcinogenic

and mutagenic effects are not likely. Neither B.t.k.

nor its commercial formulations are highly toxic or
infectious (Appendixes F and M). Formulations of
B.t.k. are likely to cause irritant effects to the skin,
eyes, and respiratory tract; however, concerns about
serious adverse health effects are not plausible.

This risk characterization is consistent with the risk
characterization in the previous USDA risk assessment
(USDA 1995), as well as with more recent risk
assessments conducted by the U.S. Environmental
Protection Agency (EPA) and the World Health
Organization, and the comprehensive review of B.t.
published by Glare and O’Callaghan (2000).

Pretreatment with an influenza virus substantially
increased mortality in mice exposed to various doses of
B.t.k (Hernandez and others 2000). These results raise
questions about the susceptibility of individuals who
contract influenza or other viral respiratory infections
prior to B.t.k. applications and have viral infections at
the time of application.

Incidence of Human Flu and Exposure to B.t.k.
In preparing the draft SEIS in 2004, the Forest Service
and APHIS updated the B.t.k. Risk Assessment. In

the process, one study they reviewed was the one by
Hernandez and others (2000), which reported that B.t.k.
exposure produced lethal pulmonary infections in mice
that had been previously infected with a variant of a
Type A human influenza virus. The Forest Service and
APHIS did not use the study as the basis of a formal
guantitative estimate of risk that might arise in actual
field operations, because of unknown information in
the study about the nature of the specific influenza
virus actually tested, and because the means used to
expose the mice to the B.t.k. formulation (intranasal
instillation) would not occur in people during field
operations. The B.t.k. Risk Assessment does note that
viral enhancement of bacterial infection is known to
occur, and that the issue is likely to be the subject of



Environmental Consequences

further studies in coming years (Volume 111, Appendix
F, Section 3.4.4, page 3-32).

The unprecedented appearance of human flu (the HIN1
“swine” Type A flu) in the United States in spring
2009, coinciding with annual aerial treatment projects,
became a cause for concern to the USDA National
Gypsy Moth Management Program. As the incidence
of the infection reached the eastern United States, and
Federal public health agencies anticipated a potentially
widespread epidemic, the Forest Service and APHIS
reevaluated the B.t.k. Risk Assessment they prepared in
2004.

In April and May 2009, the Forest Service and APHIS
conducted an intensive reevaluation of potential human
risks in the context of interactions between Type A
influenza and B.t.k. after exposure to both. An updated
literature search indicated that no research had been
published on this subject since the preparation of the
2004 B.t.k. Risk Assessment. Attempts to contact
Hernandez to discuss interpretation of the 2000 study
results and to determine whether or not there was any
follow-up research were unsuccessful.

Findings of the 2009 reevaluation and of consultation
with governmental health officials and experts in
virology and microbial pathology are as follows:

1. Method of administration of B.t.k. to the

mice. Intranasal and intratracheal instillation of
small volumes of liquid containing the test material
of interest (such as by Hernandez and others 2000)

is an accepted practice in toxicity and pathogenicity
studies, and is a comparatively simple and inexpensive
method for delivering a simulated inhalation exposure
of particulates and liquids, especially for screening
purposes. In contrast, aerosol or vapor inhalation
testing, as sometimes required for registration of
volatile or gaseous pesticides, is very expensive and
requires highly specialized exposure chambers, and
sophisticated technical and logistical support. Data
from such studies are used to quantitatively assess

potential health risks for inhalation exposures;
however, inhalation testing was not required by the
U.S. EPA for B.t.k. registration. As reviewed by

the Inhalation Specialty Section of the Society of
Toxicology (Driscoll and others 2000), the instillation
techniques have advantages for screening large
numbers of substances for biological activity (i.e., drug
and vaccine testing, biological weapons development),
but often will not support extrapolation of results to
humans. Specific reasons noted by the Society of
Toxicology and by Dr. Vern Seligy of Health Canada
(telephone conversation with Rob Mangold and Hank
Appleton, U.S. Forest Service, April 30, 2009) included
these:

(a) The instillation procedure and the liquid test
material can both create localized damage to the
mucosal lining of the nasal cavity of the mice, and

an inflammation and immunological response that
produces an easier infection route than by inhalation
of B.t.k. spores in ambient aerosol. Further, the bolus
dosage of spores by instillation can overwhelm lung
defenses compared with more gradual inhalation
exposure of the same total dose of spores.

(b) The ability of B.t.k. spores in ambient air to
“germinate” in the human respiratory tract following
inhalation may be less than that for B.t.k. spores
instilled directly into the airways.

2. Serial lung passage and the nature of the tested
Type Avirus. The Type A influenza virus used by
Hernandez and others (2000) was derived from a
human H3N2 variant maintained in cell culture. As
human influenza virus is not infective to mice, the
H3NZ2 virus source was “adapted to BALB/c mice;”
that is, selected through several (unspecified number)
infective passages in mice until a virus variant suitably
infective to mice was obtained to use in the study. This
“serial passage,” also known as virus “training,” is a
common and accepted practice in virological research.
As noted by Dr. Seligy and discussed by Brown and
others (2001), however, one result of successful serial
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passage is selection of one or more virus variants
infective to the nonhost test mice, and often more
virulent to the original host (humans). In other words,
the virus variant used by Hernandez and others (2000)
to produce B.t.k. co-infection probably bore little
genetic resemblance to the Type A H3N2 parent strain
of human influenza it was derived from, and even

less to the HIN1 Type A human strain of 2009 that
prompted their reassessment.

These observations and opinions were also offered

and confirmed by experts of the Centers for Disease
Control, U.S. EPA, and USDA during this follow-

up work. The weight of evidence obtained thus far
confirms that Hernandez and others (2000) cannot be
appropriately used for formal characterization of risks
to humans exposed to B.t.k. by the respiratory tract.
The only remaining means of truly assessing the issue
of potentiation of B.t.k. toxicity via superinfection
following influenza exposure would require the
controlled laboratory testing of Foray 48 via aerosol
exposure to primates (or other suitable human surrogate
species) pre-infected with a representative human Type
A influenza virus.

The statements within the original 2004 B.t.k. Risk
Assessment are accurate regarding the results described
in Hernandez and others (2000). Based upon the
further review of this study by experts at the Centers
for Disease Control and elsewhere, in the context of
the HLN1 occurrence, the Forest Service and APHIS
concluded that conditions posed by HINT1 influenza

in the 2009 spring B.t.k. spray areas did not pose a
credible concern.

The study of Hernandez and others (2000) appears to
be scientifically sound, but it has severe limitations
precluding its use in human risk characterization, and
is not applicable to the operational use of B.t.k. The
study may be viewed in the same context as bacterial
mutation studies in chemical toxicology, which

may provide useful information on the carcinogenic
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potential of a chemical but cannot be used for
guantitative assessment of human cancer risk. Finally,
the conclusions stated in Hernandez and others (2000,
p. 181), i.e., “Taken together, these results suggest
that Bt spraying around human populations could

be dangerous, especially for immuno-compromised
patients,” go far beyond the relevance and robustness
of the study results from which they were drawn. As
a result of this intensive reevaluation of potential risks
to people exposed to both B.t.k. and Type A influenza,
the Forest Service and APHIS found no reason to
change their original assessment of human health
risks associated with the use of B.t.k. in gypsy moth
treatment projects, as was disclosed in the 2004 B.t.k.
Risk Assessment.

Groups at Special Risk.

The available toxicity data give no indication that
subgroups of the general population are likely to be
remarkably sensitive to B.t.k. Nonetheless, B.t.k.
formulations are complex mixtures and there is a
possibility that certain individuals may be allergic to
one or more of the components in the formulations.
The study by Hernandez and others (2000) also raises
concern regarding the susceptibility of individuals with
influenza or other viral respiratory infections to B.t.k.
toxicity (Appendix F, Sections 3.1.13 and 3.4.5). See
Appendixes F and M for detailed information.

Risk to Nontarget Organisms
(Issue 2).

Mammals.

Adverse effects due to B.t.k. are unlikely in mammals
(Appendixes F and M). Most inhalation studies do
not suggest the potential for adverse effects, even at
B.t.k. concentrations much greater than those likely
to be encountered in the environment (Appendix F).
Bats that feed almost exclusively on lepidopterans
might be indirectly affected through a reduction in
prey, as suggested by a study in West Virginia (Sample
and others 1993a, b; Sample and Whitmore 1993). A
3-year study (1990-1992) conducted in West Virginia
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on food of the endangered big-eared bat revealed the
greatest impact within 3 weeks of B.t.k. application due
to reduction of prey species. Contrasting these studies,
Sample and others (1996) showed that the moths on

which bats feed were not affected by B.t.k. applications.

Birds.

Acute toxic effects are not likely in birds (Appendixes
F and M). Due to the lack of toxicity of B.t.k.
formulations, as well as of other B.t. strains, the U.S.
EPA did not require chronic or reproductive toxicity
studies in birds (Appendix F). This apparent lack of
toxicity is supported by numerous field studies in birds.
B.t.k. applied at rates sufficient to decrease the number
of caterpillars had no substantial adverse effects on
most bird species (Nagy and Smith 1997, Rodenhouse
and Holmes 1992, Sopuck and others 2002). However,
a study showed a significant decline in three species

of insectivorous birds (black throated green warbler,
eastern tufted titmouse, and yellow-billed cuckoo),

but they fully recovered within 3 years (Strazanac and
Butler 2005).

A field study that included intensive searches of plots
in sprayed and unsprayed areas revealed no differences
in the numbers of songbird broods between the two
areas for any of the species examined (Sopuck and
others 2002). A reduction of lepidopteran larvae due
to B.t.k. application appeared to have only minimal
effects on reproduction in hooded warblers (Nagy and
Smith 1997). The reduction in numbers of birds in an
area observed in some species was considered indirect
and attributed to alterations in the availability of prey
rather than to the direct toxicity of B.t.k. (Gaddis 1987,
Gaddis and Corkran 1986, Norton and others 2001).

Terrestrial Invertebrates.

B.t.k. is toxic to several species of target and nontarget
Lepidoptera. The larvae of the Karner blue butterfly
(a Federally listed endangered species), two species
of swallowtail butterflies, a promethean moth, the
cinnabar moth, and various species of Nymphalidae,

Lasiocampidae, and Saturniidae are susceptible to B.t.k.
(Glare and O’Callaghan 2000).

Permanent changes in nontarget caterpillar populations
do not appear likely as a result of gypsy moth
management projects. An exception might occur

in certain habitat types that support small isolated
populations of lepidopterans that are highly susceptible
to B.t.k. If unaffected individuals of the same species
are unlikely to, or physically cannot, move from the
treated into the untreated area, then one application

of B.t.k. will have an effect on the ability of those
populations to recover. These effects are limited

to spring caterpillars that are present during B.t.k.
treatments (Strazanac and Butler 2005). Full recovery
of nontarget spring caterpillars occurred within 1 to 2
years after the treatment (Strazanac and Butler 2005).

In Oregon, Miller (1990) observed reductions in both
types and numbers of nontarget caterpillars after three
applications of B.t.k. The reductions persisted for 1
year after treatment but not for 2 years. In another
study (Carter and others 1995), a second application
of B.t.k. did not increase mortality of five species of
Lepidopterans over that caused by one application.
The species tested were moderately resistant to B.t.k.
and had mortality rates below 50 percent after the first
application.

While some nontarget lepidopteran species appear to
be sensitive to B.t.k., most studies indicate that effects
in other terrestrial insects are likely to be of minor
significance (Appendix F). There is relatively little
information regarding the toxicity of B.t.k. or B.t.k.
formulations to terrestrial invertebrates other than
insects. For some Lepidoptera, sensitivity to B.t.k. is
highly dependent on their developmental stage. This is
particularly evident for the cinnabar moth, where late
instar larvae are very sensitive to B.t.k. and early instar
larvae are very tolerant to B.t.k. (James and others
1993).
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The variability in the response of nontarget Lepidoptera
to B.t.k. is also illustrated in a recent field study

in which a B.t.k. formulation was applied to two
forests (dominated by oak, hickory, and maple trees)
over a 2-year period, at an application rate of 40
BlU/acre (Rastall and others 2003). Researchers
monitored nontarget lepidopteran populations in the

2 years prior to application as well as over the 2-year
period in which B.t.k. was applied. The response of
nontarget Lepidoptera varied substantially among
different species. Larvae of three lepidopteran species
significantly decreased in treatment years: Lambdina
fervidaria (geometrid), Heterocampa guttivitta
(notodontid), and Achatia distincta (noctuid). For 19
other species, larval counts were significantly higher
in treatment years as were the total number of noctuids
combined and the total number of all nontarget
lepidopteran species combined. The Karner blue
butterfly is susceptible to B.t.k., although the larval
generation at risk may vary from year to year (Herms
and others 1997).

Some predators and parasitoids may be affected
indirectly by B.t.k. because of the loss of gypsy

moth caterpillars that they parasitize or eat. The

more specific the parasites and predators are for
lepidopterans affected by B.t.k., the greater the chance
of an effect. For example, populations of parasitoid
tachinid flies and Braconidae wasps and Pentatomidae
stinkbugs declined after application of B.t.k. (then
recovered by the second year), but generalist predators
did not decline (Strazanac and Butler 2005).

Fish.

The U.S. EPA classifies B.t.k. as virtually nontoxic to
fish (Appendix F). This assessment is consistent with
the bulk of experimental studies reporting few adverse
effects in fish exposed to B.t.k. concentrations that
exceed environmental concentrations associated with
USDA programs (Buckner and others 1975, Otvos and
Vanderveen 1993).
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Aquatic Invertebrates.

The effects of B.t.k. on aquatic invertebrates is
examined in standard laboratory studies and in
numerous field studies. B.t.k. may be lethal to
certain aquatic invertebrates, like Daphnia magna,

at concentrations high enough to cause decreases

in dissolved oxygen or increased biological oxygen
demand (Young 1990). Most aquatic invertebrates
seem relatively tolerant to B.t.k. (Appendix F, Section
4.1.3.3). This assessment is supported by several
field studies that failed to note effects in most species
after suppression application rates and exposures
that substantially exceed expected environmental
concentrations (Kreutzweiser and others 1992, 1993,
1994; Oldland and others 1994).

Cumulative Effects of B.t.k.

Risk to Human Health (Issue 1).

Given the reversible nature of the irritant effects of
B.t.k. and the low risks for serious health effects,
cumulative human health effects from spray programs
conducted over several years are not expected. Mating
disruption with disparlure will most likely be the only
other treatment used in the same spray blocks with
B.t.k. However, B.t.k. is used to treat gypsy moth
larvae, and mating disruption is used against gypsy
moth adults, and they are applied weeks apart. These
treatments also have different modes of action, and
there are no known cumulative effects between the
treatments.

Workers or members of the general public who are
exposed to aerial or ground sprays of B.t.k. are also
exposed to the gypsy moth and may be exposed to
other control agents for the gypsy moth. No known
data indicate that risks posed by these other agents
will affect the response, if any, to B.t.k. formulations.
Similarly, exposure to other chemicals in the
environment may impact the sensitivity of individuals
to B.t.k. or other agents; however, the available data
are not useful for assessing the significance of such
interactions.
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There is no known documented evidence of a subgroup
of individuals who are more sensitive than most
members of the general public to B.t.k. formulations
(Appendix F, Sections 3.4.1 and 3.4.4).

Risk to Nontarget Organisms (Issue 2).

Many studies indicate that B.t.k. lasts about a week in
the environment. Repeated treatments of areas with
B.t.k. could potentially impact some species of spring-
feeding butterfly and moth caterpillars. Since B.t.k. is
not used in the same spray blocks with other treatments
that could affect nontarget organisms, there is no
cumulative effect between different treatments and
B.t.k. on spring-feeding caterpillars.

4.5 Consequences of
Diflubenzuron
(Alternatives 1, 2, 3).

See Appendixes | and M for detailed analysis of risks
associated with diflubenzuron.

General Effects of Diflubenzuron.

Diflubenzuron may indirectly help to maintain existing
forest conditions, water quality, microclimate, and

soil condition by delaying increases in gypsy moth
populations, thereby protecting tree foliage.

Risk to Human Health (Issue 1).

General.

Diflubenzuron causes the formation of methemoglobin,
a form of hemoglobin incapable of oxygen

transport, normally present in the blood in small
amounts. Methemoglobinemia, the formation of
excess methemoglobin, is the primary toxic effect

of diflubenzuron in every species of animal tested,
regardless of the route or duration of exposure. While
effects on the blood are well documented, there is little
indication that diflubenzuron causes other specific
forms of toxicity. Diflubenzuron does not appear to

be neurotoxic nor immunotoxic, does not appear to

affect endocrine function in laboratory mammals,

and is not a carcinogen. Additionally, diflubenzuron
does not appear to cause birth defects or to affect
reproductive processes. Numerous studies regarding
the subchronic and chronic toxicity of diflubenzuron in
laboratory animals indicate that methemoglobinemia

is the most consistent clinical symptom indicative of
toxicity. Diflubenzuron can be absorbed via the skin
in sufficient amounts to cause hematological effects,
that is, methemoglobinemia and sulfhemoglobinemia.
Nonetheless, the dermal exposure concentrations
necessary to induce these hematological effects are
higher than the oral exposure dosage necessary to cause
the same effects.

Diflubenzuron rapidly dissipates from vegetation and
is broken down by sunlight; in the environment the
compound degrades to 4-chloroaniline, which the

U.S. EPA considers a potential carcinogen. This is

the only identified potential carcinogen associated

with any of the agents to control gypsy moth. The
compound is not expected to be present in significant
amounts during application since 4-chloroaniline does
not form during application. The scenario of greatest
concern involving 4-chloroaniline is a cancer risk

from drinking contaminated water. This risk would

be most plausible in areas with sandy soil and annual
rainfall rates ranging from about 50 to 250 inches. The
estimate of the hazard quotient for the consumption of
water contaminated with 4-chloroaniline and based on
a cancer risk of 1 in 1 million is 0.09, which is 10 times
lower than the level of concern.

None of the hazard quotients for diflubenzuron reaches
a level of concern at the highest application rate used
in USDA programs (Appendix I). Since many of the
exposure assessments overestimate exposure, and
because the dose-response assessment is based on
similarly protective assumptions, there is no basis for
asserting that this use of diflubenzuron poses a hazard
to human health (Appendix I).
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Groups at Special Risk.

Some individuals have congenital methemoglobinemia
and may be at increased risk of adverse effects to
compounds that induce methemoglobinemia (Barretto
and others 1984). Infants less than 3 months old

have lower levels of methemoglobin (cytochrome b5)
reductase and higher levels of methemoglobin (1.32
percent), compared with older children or adults (Centa
and others 1985, Khakoo and others 1993, Nilsson

and others 1990). Some infants with an intolerance to
cow’s milk or soy protein exhibit methemoglobinemia
(Murray and Christie 1993, Wirth and Vogel 1988).
These infants would be at increased risk if exposed to
any materials contaminated with diflubenzuron or any
compound that induces methemoglobinemia.

Individuals with poor diets might be vulnerable to some
chemicals. Based on a study in rats, iron deficiency
leads to anemia but does not influence methemoglobin
reductase activity (Hagler and others 1981). Thus,
although individuals with poor nutritional status are
generally a group for which there is particular concern,
the available information does not support an increased
risk for these individuals with respect to diflubenzuron
exposure.

Risk to Nontarget Organisms
(Issue 2).

Mammals.

The available field studies indicate no substantial
impacts on mammalian wildlife from applications
of diflubenzuron. Applications of 60 to 280 g a.i./
ha (grams active ingredient per hectare) or 0.85 to

4 0z a.i./acre (ounces of active ingredient per acre)
had no detectable adverse effects on the abundance
of, or reproduction in moles, field mice, and shrews
(Henderson and others 1977, O’Connor and Moore
1975). Small mammals increased in abundance on a
plot receiving 280 g a.i./ha compared with a control
plot (Henderson and others 1977). The adverse effects
that diflubenzuron might have on bot flies, a parasite
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of small and large mammals alike, was suggested as a
possible explanation.

A field study reported no effect on body measurements,
weight, or fat content in populations of mice in areas
treated with diflubenzuron (Seidel and Whitmore
1995). Mice in the treated areas did consume less
lepidopteran prey, but total food consumption was not
significantly different between treated and untreated
plots.

Birds.

The acute toxicity of diflubenzuron to birds appears
generally low. The lack of direct effects on birds

is supported by several field studies summarized

in Appendix I. Effects secondary to a reduction in
lepidopteran prey may include increased foraging
range (Cooper and others 1990), relocation (Sample
and others 1993a, b; Sample and Whitmore 1993) and
lower body fat (Whitmore and others 1993).

Terrestrial Invertebrates.

Arthropods, a large group of invertebrates including
insects, crustaceans, spiders, mites, and centipedes,
are most sensitive to diflubenzuron. Most of these
organisms use chitin as a major component of their
exoskeleton (outer body shell). Diflubenzuron is an
effective insecticide because it inhibits the formation
of chitin, disrupting normal growth and development.
Both terrestrial and aquatic arthropods are affected,
though some substantial differences in sensitivity are
apparent.

Invertebrates lacking exoskeletons, such as earthworms
and snails, do not utilize chitin, and diflubenzuron

is relatively nontoxic to these species (Appendix I).
Species that are most sensitive to diflubenzuron include
lepidopteran and beetle larvae, grasshoppers, and

other chewing herbivorous insects (Berry and others
1993, Butler 1993, Butler and others 1997a, Elliott

and lyer 1982, Jepson and Yemane 1991, Kumar and
others 1994, Redfern and others 1980, Sample and
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others 1993a, Sinha and others 1990). Species that
are relatively tolerant to diflubenzuron include flies,
parasitic wasps (on insect eggs), adult beetles, and
sucking insects (Ables and others 1975, Broadbent
and Pree 1984, Brown and Respicio 1981, Bull and
Coleman 1985, De Clercq and others 1995, Delbeke
and others 1997, Gordon and Cornect 1986,

Keever and others 1977, Martinat and others 1988,
Webb and others 1989, Zacarias and others 1998,
Zungoli and others 1983).

The U.S. EPA uses the honey bee as the standard test
species to classify the toxicity of pesticides to nontarget
terrestrial invertebrates. Based on early acute oral

and contact toxicity studies in honey bees (Atkins and
others 1974, Stevenson 1978), the U.S. EPA (1997)
classifies diflubenzuron as practically nontoxic to
honey bees. Several other laboratory toxicity studies
also indicate diflubenzuron is not particularly toxic to
bees (Chandel and Gupta 1992, Elliott and lyer 1982,
Gijswijt 1978, Kuijpers 1989, Nation and others 1986,
Yu and others 1984). This conclusion is supported

by several field studies conducted at application rates
comparable to, or substantially higher than, those used
to control the gypsy moth (Buckner and others 1975,
Emmett and Archer 1980, Matthenius 1975, Schroeder
1978, Schroeder and others 1980). Additionally,

no detectable amounts of diflubenzuron were found

in honey bees in areas treated with diflubenzuron
(Cochran and Poling 1995).

Fish.

Based on the available information, the U.S. EPA
(1997) classifies acute exposure to diflubenzuron

as “practically nontoxic” to fish. The 96-hour LC,;
values range from greater than 25 milligrams per liter
(mg/L) (the value for yellow perch reported by Johnson
and Finley 1980) to greater than 500 mg/L (the value
for fathead minnow reported by Reiner and Parke
1975). In addition, no effects were seen in longer-term
studies at concentrations up to 100 parts per billion
(ppb) (Cannon and Krize 1976) or in two-generation

reproduction studies at concentrations of up to 50 ppb
(Livingston and Koenig 1977).

Indirect effects on fish are plausible based on a
decrease in invertebrate populations as demonstrated

in studies in which concentrations as low as 2.5

ppb resulted in decreased growth of fish in littoral
enclosures (populations of fish placed in enclosures
along the shore of a body of water and monitored)
(Moffett 1995, Tanner and Moffett 1995). The reduced
growth observed in these studies is attributed to a
reduction in macroinvertebrates, a fish food source.

None of the field studies summarized in Appendix I
note any adverse effects on fish at application rates
comparable to or greater than those used in the control
of the gypsy moth. A study by Colwell and Schaefer
(1980) did note a shift in the diet of fish (secondary to
changes in food availability) but no effect on growth
rates or general condition of the fish.

Aquatic Invertebrates.

Because diflubenzuron inhibits the synthesis of chitin,
crustaceans are the aquatic invertebrates most sensitive
to diflubenzuron. Many bioassays, both acute and
chronic, have been conducted on Daphnia magna
(Hansen and Garton 1982, Kuijpers 1988, Majori and
others 1984, Surprenant 1988) as well as a related
species, Ceriodaphnia dubia (Hall 1986). As detailed
further in the dose-response assessment (Appendix

), these organisms are among the most sensitive to
diflubenzuron (Hall 1986, Hansen and Garton 1982).
Several other crustacean species appear to be about

as sensitive as or only somewhat less sensitive to
diflubenzuron than daphnids are (Appendix I). Small
crustaceans that consume algae and serve as a food
source for fish, such as Daphnia species, appear to be
the most sensitive to diflubenzuron, while larger insect
species, such as backswimmers and scavenger beetles,
are much less sensitive. Other aquatic invertebrates,
crustaceans, and small- to medium-sized aquatic insect
larvae appear to have intermediate sensitivities.
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Snails, aquatic worms, and bivalves were not affected
by exposure to diflubenzuron (Hansen and Garton
1982, Surprenant 1989).

Field studies on the effects of diflubenzuron on aquatic
invertebrates reinforce the standard toxicity studies,
indicating diflubenzuron will impact invertebrate
populations. Several of these studies, however, were
conducted at application rates substantially higher than
those used to control the gypsy moth. Many of the
studies in which severe adverse effects were observed
in aquatic invertebrate populations involved multiple
applications at rates between about 110 g/ha and 560
g/ha (Ali and Mulla 19783, b; Ali and others 1988;
McAlonan 1975). Concentrations in this range are
substantially higher than the application rate of 17.5
g/ha that is likely to be encountered in USDA
programs. Similarly, other field studies involve direct
applications to open water, a treatment method that

is not part of USDA program activities, and which
resulted in concentrations of diflubenzuron in water in
the range of 10 ppb (Apperson and others 1978, Boyle
and others 1996, Colwell and Schaefer 1980, Lahr and
others 2000, Sundaram and others 1991).

Diflubenzuron reduces numbers of stream invertebrates
that process detritus; however, field studies have shown
no decline in detrital decomposition rates (Swift and
others 1988). The populations of some invertebrates
that feed on algae are reduced by diflubenzuron. An
increase in algae could occur after the loss of algal
herbivores; however, this has not been observed in field
studies.

Field studies using lower application rates that are more
typical of USDA gypsy moth management programs
noted some effects on freshwater invertebrates,
particularly smaller crustaceans (Farlow 1976; Griffith
and others 1996, 2000; Hurd and others 1996; Reardon
1995). The effects were much less severe than those
seen at higher application rates. See Section 4.4 of
Appendix | for further discussion.
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Cumulative Effects of Diflubenzuron.

Risk to Human Health (Issue 1).

Diflubenzuron is not likely to be used with other
treatments at the same site, so no cumulative effects
with other treatments are likely. Multiple applications
at lower rates per application result in lower associated
risks than with a single application at the maximum
approved rate.

Diflubenzuron and tebufenozide could have a
cumulative effect on methemoglobinemia. USDA
gypsy moth management programs do not use these
two chemicals together in the same area at the same
time. Exposure to other methemoglobinemia-inducing
compounds in the environment may contribute to a
cumulative effect. Individuals exposed to combustion
smoke or carbon monoxide (agents causing oxidative
damage to blood) may be at increased risk of
developing methemoglobinemia. Individuals exposed
to high levels of nitrates, either in air or in water,
demonstrate increased levels of methemoglobin and
may be at increased risk with exposure to compounds
such as diflubenzuron.

Some infants with congenital methemoglobinemia

and an intolerance to cow’s milk or soy protein exhibit
methemoglobinemia. These infants would be at
increased risk if exposed to any materials contaminated
with diflubenzuron.

Risk to Nontarget Organisms (Issue 2).
Diflubenzuron is generally not used in conjunction
with other treatments; however, diflubenzuron might
be applied to the same area in multiple years for
eradication projects. In that case, diflubenzuron might
have a cumulative effect on nontarget invertebrates,
such as caterpillars of moths and butterflies,
grasshoppers, parasitic wasps, aquatic insects, bottom
dwelling crustaceans, and immature free-floating
crustaceans. Diflubenzuron applications as used in
USDA treatment projects will otherwise have no
cumulative effects.
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4.6 Consequences of
Disparlure (as Used in Mating
Disruption and Mass Trapping)
(Alternatives 1, 2, 3).

See Appendixes H and M for detailed analysis of risks
associated with disparlure as used in mating disruption
and mass trapping.

In mating disruption, a medium is impregnated with
disparlure for timed release and formulated for aerial
application over the project area. The objective is

to flood the area with pheromone, thereby impeding
the male moth’s ability to find and mate with female
moths. Also, in mass trapping, a solid medium is
impregnated with disparlure, formulated for timed
release, and deployed in small “delta” or large capacity
“milk carton” traps. The traps are deployed across

the treatment area to attract and capture male moths,
thereby preventing them from finding and mating with
female moths. The delta and milk carton traps are also
used in detection surveys for gypsy moth.

General Effects of Disparlure.

Disparlure is specific to the gypsy moth and may
indirectly help to maintain existing forest conditions,
water quality, microclimate, and soil condition by
delaying increases in gypsy moth populations, thereby
protecting tree foliage.

Risk to Human Health (Issue 1).

General.

Insect sex pheromones are chemicals produced by
insects for communication between the sexes of

the same species. Insect pheromones are generally
regarded as nontoxic to mammals and are commonly
employed in very low concentrations. Consequently,
the U.S. EPA requires less rigorous testing of these
products than is required of chemical insecticides.
Results of acute exposure studies for oral, dermal,
ocular, and inhalation exposure to disparlure reveal
no adverse effects. Based on the results of studies

on disparlure itself (i.e., the active ingredient), acute
exposure to disparlure exhibits very low toxicity to
mammals.

No studies were identified investigating the effects

of chronic exposure of mammals to disparlure or
investigating the effects of disparlure on the nervous,
immune, reproductive, or endocrine systems of
mammals. The carcinogenic potential of disparlure
has not been assessed, though a single study focusing
on mutagenicity revealed no indication that disparlure
is mutagenic. No information is available regarding
the kinetics and metabolism of disparlure in mammals;
available literature does not document absorption

of disparlure following dermal, oral, or inhalation
exposure. A case report of an occupational exposure
indicates that disparlure may persist in humans for
years (Cameron 1981, 1983).

Although studies on the acute toxicity of disparlure
have been conducted in laboratory animals, the lack of
either subchronic or chronic toxicity data precludes a
quantitative characterization of risk.

Groups at Special Risk.

The toxic effects of disparlure, if any, have not been
identified. Consequently, groups at special risk cannot
be characterized.

Risk to Nontarget Organisms
(Issue 2).

Mammals.

Results of acute toxicity studies for oral, dermal, ocular,
and inhalation exposure to disparlure demonstrate very
low toxicity to mammals. Information is not available
regarding chronic toxicity, and no field studies exist
assessing the impact of disparlure on mammals.

Birds.
There is no evidence that birds are affected by USDA
treatment projects using disparlure.
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Terrestrial Invertebrates.
Disparlure does not attract any other insect found in
North America.

Fish.

Limited data are available regarding the toxicity of
disparlure to aquatic animals. A major issue in the
interpretation of the aquatic toxicity data on disparlure
involves the solubility of disparlure in water. While
no measured values are available, estimates based on
quantitative structure-activity relationships developed
by the U.S. EPA suggest that the solubility of disparlure
in water is in the range of 0.0019 to 0.0028 mg/L
(Appendix H). No risks to fish can be identified under
foreseeable circumstances in the use of disparlure
formulations.

Aquatic Invertebrates.

As with fish, disparlure does not appear to pose a risk
to aquatic invertebrates due to inherent toxicity. At the
limit of the solubility of disparlure in water, there is no
indication that toxic effects are likely in any aquatic
species (Appendix H). Based on the variability in the
experimental data as well as the range of application
rates used in USDA programs, HQs would vary from
about 0.15 to about 0.37 below the level of concern

by factors of about 3 to 10. This risk characterization
applies to accidental application of disparlure to a
body of water 1 meter deep. The HQ will vary with
the depth of the water. Since the calculations are
based on a 1-meter-deep body of standing water, the
HQ would be a factor of 10 lower in a 10-meter-deep
body of standing water and a factor of 10 higher in

a 0.1-meter-deep body of standing water. In actual
field applications using Disrupt II flakes, water bodies
such as lakes and rivers are never directly treated with
flakes, and levels of exposure in moving water would
be magnitudes lower than the calculated static level,
providing an even greater margin between exposure
and potential toxicity. Further, control tests using the
untreated carrier products (small plastic flakes) showed
no toxicity.
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In summary, the application of disparlure in mating
disruption is unlikely to affect aquatic invertebrates.

Cumulative Effects of Disparlure.

Risk to Human Health (Issue 1).

Since disparlure seems to persist in humans, repeated
exposures of disparlure will attract the gypsy moth. No
information is available on the interaction of disparlure
with other control agents or other chemicals usually
found in the environment.

Risk to Nontarget Organisms (Issue 2).

Since disparlure attracts only the gypsy moth in
North America, no cumulative effects are expected on
nontarget organisms.

4.7 Consequences of
Dichlorvos (as Used in Mass
Trapping) (Alternatives 1, 2, 3).

See Appendixes K and M for detailed analysis of risks
associated with the use of dichlorvos in mass trapping.
Appendix A provides an in-depth discussion of how
dichlorvos is used in mass trapping. Dichlorvos is

not a distinct treatment in the USDA gypsy moth
management program. It is simply an insecticide
(formulated in a vinyl strip as a killing agent) used

in the large-capacity milk carton trap, which can be
deployed for mass trapping of male gypsy moths in

a project area. This same kind of milk carton traps
(with dichlorvos) are also used in gypsy moth surveys.
Without this insecticide in the traps, the male gypsy
moths that are attracted to traps (by disparlure) would
simply fly back out.

Milk carton traps with dichlorvos have not been

used for mass trapping since 1997 and only twice
between 1993 and 1997, where no more then 50 acres
were treated. Each year for surveys APHIS deploys
approximately 19,000 milk carton traps with dichlorvos
pest strips. The Forest Service’s slow-the-spread
strategy also uses milk carton traps for surveys.
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General Effects of Dichlorvos.

Because dichlorvos is used inside traps, no effect on
human health and nontarget organisms is expected. A
person or animal would have to deliberately eat the
resin strip. In the entire history of USDA use of traps
containing dichlorvos, such an accidental or deliberate
action has not been encountered.

Risk to Human Health (Issue 1).

General.

Dichlorvos is readily absorbed into the body of
mammals via all routes of exposure, and is rapidly
metabolized and eliminated. Generally, the systemic
effects observed after oral, inhalation, or dermal
exposure of humans or laboratory animals to dichlorvos
result from the inhibition of acetylcholinesterase
(AChE). The enclosed nature of milk carton traps
containing dichlorvos minimizes the chance that people
will come into contact with it. In a risk assessment of
the carcinogenic and mutagenic potential of diclorvos,
U.S. EPA decided “The carcinogenicity potential of
Diclorovos has been classified as ‘suggestive’ under
the 1999 Draft Agency Cancer Guidelines and no
quantitative assessment of cancer risk is required.”
(Section 3.1.10 of Appendix K).

Exposure of both workers and members of the general
public should be negligible in most cases. Workers
taking prudent steps to limit both dermal and inhalation
exposures can minimize the likelihood of exposure to
dichlorvos. Similarly, exposure of the general public
to substantial amounts of dichlorvos is unlikely. The
dichlorvos is contained within a PVC strip to ensure
the active ingredient is released slowly over time. The
strip, in turn, is placed within a trap and the trap is
placed so that it will not be accessed except in the case
of intentional tampering or trap monitoring.

The greatest risks for workers are associated with
inhalation exposures from assembling the traps in
enclosed and poorly ventilated spaces, or while
transporting the traps in the passenger compartments

of vehicles. These risks are readily avoided. Dermal
exposures are usually at lower levels than inhalation
exposures.

All of the exposure scenarios for members of the
general public described in Appendix K are accidental.
Should a child come into contact with a dichlorvos
strip, both dermal and oral exposures (if a child ate the
strip) could substantially exceed a level of concern.
See Appendix K for additional dichlorvos information
and risk assessment scenarios.

Groups at Special Risk.

Children are of primary concern as identified in the risk
assessment (Appendix K). As noted above, imprudent
handling of a dichlorvos-impregnated strip would

most likely involve a child. Additionally, very young
children (infants less than 6 months old) may be at
special risk because of their incompletely developed
AChE systems and immature livers (ATSDR 1993).

Several other groups may be at special risk to all
cholinesterase-inhibiting compounds, including
dichlorvos. Asmall proportion of the population

has an atypical variant of plasma cholinesterase that
may make them more susceptible to effects when
exposed to dichlorvos and other AChE inhibitors.
Other groups known to have low plasma AChE levels
are long-distance runners, women in early stages of
pregnancy, women using birth control pills, individuals
with advanced liver disease, alcoholics, individuals
with poor nutritional status, and individuals with

skin diseases. Asthmatics may also be at special

risk because dichlorvos may induce or exacerbate
respiratory distress (ATSDR 1993).

Risk to Nontarget Organisms
(Issue 2).

Exposure would be accidental since dichlorvos is used
inside traps.
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Mammals.

The principal adverse effects of dichlorvos exposure
are directly related to inhibition of cholinesterase. In
the USDA program for the control of the gypsy moth,
the use of milk carton traps employing slow release of
dichlorvos from PVC strips essentially precludes rapid
exposures to high doses of dichlorvos.

Birds.
No published data is available concerning the acute
toxicity to birds of dichlorvos encased in PVC resin.

Terrestrial Invertebrates.

The only terrestrial invertebrates likely to come

into close contact with the dichlorvos strip are male
gypsy moths attracted by the disparlure in the trap, or
carnivorous wasps and hornets that may enter the trap
to feed on dead and dying gypsy moths.

Fish.

There is no indication fish are likely to be adversely
affected by dichlorvos as used in PVVC strips (Section
4.4.3.1, Appendix K). However, dichlorvos itself

is classified as highly toxic to both freshwater and
estuarine fish (U.S. EPA 1999a). See Appendix K for
comprehensive information.

Aquatic Invertebrates.

Based on the same conservative exposure assessment
used for both fish and terrestrial vertebrates, some
sensitive aquatic invertebrates could be adversely
affected by dichlorvos contamination of water if a
trap is intentionally thrown into water. As in the
other exposure assessments developed in Appendix K
involving contaminated water, this exposure scenario
should be regarded as an extremely rare accident rather
than routine. Under normal circumstances, water
contamination from dichlorvos strips is negligible and
consistent with the conclusions reached by U.S. EPA
(1999a).
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Cumulative Effects of Dichlorvos.

Risk to Human Health (Issue 1).

The only substantial exposures to the general public
would occur from repeated tampering with traps
containing dichlorvos. No such incidents have been
reported, despite the long use of dichlorvos in traps for
the gypsy moth and other species.

Workers may be exposed repeatedly to dichlorvos if
they are involved in the assembly and placement of
traps over a period of several weeks. No data exists
regarding the effects of exposure to dichlorvos in
combination with exposure to the other agents used

to control the gypsy moth or to the gypsy moth itself.
Inhibition of AChE is the most sensitive effect of
dichlorvos; this effect is not associated with exposure
to the other control agents or to the gypsy moth.
Therefore, there is no plausible basis for assuming that
the effects of exposure to dichlorvos and any or all of
the other control agents or the gypsy moth are additive.

Risk to Nontarget Organisms (Issue 2).
Experience with traps used in mass trapping and survey
programs shows that there are no cumulative effects on
nontarget organisms even over years of use.

4.8 Consequences of Gypchek
(Alternatives 1, 2, 3).

See Appendixes G and M for detailed analysis of risks
associated with Gypchek.

General Effects of Gypchek.
Gypchek may indirectly help to maintain existing
forest condition, water quality, microclimate, and
soil condition by delaying increases in gypsy moth
populations, thereby protecting tree foliage.

Risk to Human Health (Issue 1).

General.
According to Appendix G, there is no plausible risk to
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either workers or members of the general public from
the use of Gypchek to control the gypsy moth.

Groups at Special Risk.

No groups at special risk are identified. Some
individuals may be allergic to gypsy moth parts found
in Gypchek.

Risk to Nontarget Organisms
(Issue 2).

Mammals.

Except for eye irritation, there is little indication that
NPV or the Gypchek formulation of NPV has any
effect in mammals, even at extremely high levels

of exposure. One study that focused on wildlife
(Lautenschlager and others 1977) exposed mice, short-
tailed shrews, and opossums to various forms of NPV
(gypsy moth larvae infected with NPV, a purified
formulation of NPV, and a spray preparation of NPV).
Based on gross observations, as well as necropsy and
microscopic examination of several different tissues, no
effects were seen in any of the species.

Birds.

Few studies are available on birds, and the results

of these studies are essentially identical to those on
mammals. The studies indicate exposures to NPV at
levels that are substantially higher than those likely
to occur in the environment are not associated with
any adverse effects (Podgwaite and Galipeau 1978,
Lautenschlager and others 1976).

Terrestrial Invertebrates.

Barber and others (1993) found no indication that NPV
is pathogenic to any insect species except the gypsy
moth. No adverse effects were observed in any species
tested. Additionally, a recent field study noted no
effects in nontarget insects following the application

of Gypchek (Rastall and others 2003). There is no
indication that adverse effects are caused in nontarget
insects at any level of exposure.

Fish.

Two studies are available on the toxicity of NPV to
fish (Moore 1977, Kreutzweiser and others 1997). The
results of both studies show no toxicity in rainbow
trout, no effects on mortality, behavior, or growth rate,
and no viable NPV detected in the stomach or intestinal
tract.

Aquatic Invertebrates.
No effects on mortality or reproduction were observed
over exposure periods of up to 4 weeks (Streams 1976).

Cumulative Effects of Gypchek.

Risk to Human Health (Issue 1).

Exposure to both the gypsy moth caterpillars and
Gypchek could be additive; however, there are no data
showing that this occurs, and Gypchek treatments
would eliminate the caterpillars.

Risk to Nontarget Organisms (Issue 2).
Since Gypchek is specific to the gypsy moth, no
cumulative effects are expected for nontarget
organisms.

4.9 Consequences of
Tebufenozide (Alternatives
2 and 3).

See Appendixes J and M for detailed analysis of risks
associated with tebufenozide.

The use of tebufenozide to manage the gypsy moth
may adversely affect nontarget Lepidoptera. There is
little indication that humans or other wildlife species
will be adversely affected under normal conditions of
use, even at the highest application rate (see the full
analysis of tebufenozide in Appendix J). Table 4-2
provides hazard quotients (HQ) for tebufenozide and
the other treatments and gypsy moth.
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General Effects of Tebufenozide.

Tebufenozide may indirectly help to maintain existing
forest conditions, microclimate, and soil condition

by delaying increases in gypsy moth populations,
thereby protecting tree foliage. Although tebufenozide
is not highly mobile in soil, it may be transported

by percolation, sedimentation, or runoff from soil to
ambient water. Tebufenozide would not be sprayed
over water or areas where surface water is present, and
buffers will be maintained around these areas. See
Appendix J for additional information on tebufenozide
and water quality.

Risk to Human Health (Issue 1).

General.

A relatively detailed and consistent series of studies

in mice, rats, and dogs indicates that the primary
mechanism of tebufenozide toxicity in mammals
involves effects on the blood, specifically the formation
of methemoglobin. Tebufenozide does not appear to

be carcinogenic and does not appear to cause birth
defects. Nonetheless, the compound is associated with
adverse reproductive effects in experimental mammals.
Tebufenozide itself does not seem to be irritating to the
skin or eyes. As discussed in the exposure assessment
in Appendix J, dermal absorption is the primary route
of exposure for workers. Data regarding the dermal
absorption Kinetics of tebufenozide are not available

in the published or unpublished literature. Potential
inhalation toxicity of the compound is not of substantial
concern in the risk assessment in Appendix J.

At the maximum application rate, two applications at
0.12 Ib (pounds) a.i./acre spaced 3 days apart, there is
little indication that adverse effects on human health
are likely. The risk assessment at Appendix J suggests,
however, that two applications at 0.08 Ib a.i./acre or
more should be avoided in areas where members of the
general public might consume contaminated fruits or
other contaminated vegetation.
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Groups at Special Risk.

Individuals born with a form of congenital
methemoglobinemia may be at increased risk of
adverse effects to compounds like tebufenozide that
induce methemoglobinemia (Centa and others 1985,
Das Gupta and others 1980). Some infants with

an intolerance to cow’s milk or soy protein exhibit
methemoglobinemia. Infants less than 3 months old
have lower levels of methemoglobin (cytochrome b5)
reductase and higher levels of methemoglobin (1.32
percent) in comparison with older children or adults
(Centa and others 1985, Smith 1996). A similar pattern
is seen in many species of mammals (Lo and Agar
1986).

Risk to Nontarget Organisms

(Issue 2).

Under normal conditions of use at the highest
anticipated application rate, no effects are expected in
any group of organisms: vertebrates, invertebrates, or
plants.

Mammals.

Several standard toxicity studies in experimental
mammals were conducted as part of the registration
process for tebufenozide. The most sensitive effect
in several species of experimental mammals involves
effects on the blood, specifically the formation of
methemoglobin.

The acute toxicity of tebufenozide is relatively low,
with an oral LD, greater than 5,000 mg/kg. The
subchronic and chronic toxicity studies on tebufenozide
were conducted in dogs, mice, and rats, with the

most sensitive effects involving changes to the blood.
There is no apparent dose-duration relationship for
tebufenozide; short-term exposures are likely to lead

to changes in the blood comparable to those observed
following longer-term exposures (Appendix J).
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Birds.

Toxicity studies have been conducted on the acute
toxicity and reproductive effects of tebufenozide in
birds, and a field study is available on reproductive
effects. The acute toxicity of tebufenozide is low for
birds (Appendix J).

Reproduction studies were conducted in mallard
ducks (Beavers and others 1993a) and bobwhite

quail (Beavers and others 1993b, Reinert 1995a).
Dietary concentrations less than or equal to 1,000
ppm tebufenozide did not cause reproductive effects
in mallard ducks. In the quail studies results are
inconsistent. In a study by Beavers and others (1993b),
reproductive effects included reduced numbers of
eggs laid, viable embryos, and 14-day-old survivors,
at dietary concentrations of 300 and 1,000 ppm, but
not at 100 ppm. A similar study yielded no substantial
dose-related effects in quail exposed to dietary
concentrations of up to 615 ppm (Reinert 1995a).

A field study on the reproductive performance of
Tennessee warblers (Vermivora peregrina) in forests
treated with tebufenozide has been published (Holmes
1998). In this study, tebufenozide was applied twice
at a rate of approximately 0.06 Ib a.i./acre with a 4-
day interval between applications, in a forest area in
Ontario, Canada. Reproductive parameters assayed
included number of eggs laid, percent hatch, and
growth of the hatchlings as compared with an untreated
control plot. A total of six nests were observed in
the control plot, and five nests were treated with
tebufenozide in the test plots, with no statistically
significant adverse effects noted. However, there
were decreases in both the average number of eggs
per nest (6.3 in the control area and 5.8 in the treated
area) as well as the percent hatch (97.4 percent in
the control area and 89.7 percent in the treated area).
The small sample sizes result in a low statistical
power, and the results are “suggestive, although not
necessarily compelling, that reproductive parameters
were consistently lower in the treated blocks than

in the control block” (Holmes 1998, p. 191). Some

differences in adult behavior were observed in the

plot treated with tebufenozide, such as an increase in
foraging time and an associated decrease in brooding
time. This suggests that the primary effect on the birds
may have been a decrease in food abundance.

This field study by Holmes (1998) combined with the
bobwhite quail assay conducted by Beavers and others
(1993b) raise concern that tebufenozide could cause
adverse reproductive effects in birds. This concern

is addressed quantitatively in the risk assessment in
Appendix J for exposures involving the consumption of
contaminated vegetation, fish, and insects.

Terrestrial Invertebrates.

While tebufenozide will be specifically used by the
USDA Forest Service for the control of the gypsy
moth, tebufenozide is effective in controlling other
pest species, including the apple bud moth (Platynota
idaeusalis) (Biddinger and others 1998), various
species of spruce budworm (Payne and others 1997;
Retnakaran and others 1997a, b), and the Indian-meal
moth (Plodia interpunctella) (Oberlander and others
1998). A complete list of the pest species for which
tebufenozide is specified is provided in U.S. EPA
(1999¢).

The toxicity of tebufenozide has been assayed in
several species, and the mechanism of action of
tebufenozide in target insects is relatively well
understood. Tebufenozide mimics the action of the
invertebrate hormone 20-hydroxyecdysone, which
controls molting in insects and various terrestrial and
aquatic invertebrates by binding to species-specific
ecdysone receptors present in the cytoplasm of
epidermal cells (Addison 1996, Keller 1998, Smagghe
and Degheele 1994a, U.S. EPA 1999¢).

While 20-hydroxyecdysone is a hormone common to
many invertebrates, the effectiveness of tebufenozide in
mimicking 20-hydroxyecdysone activity seems to vary
among orders and species of invertebrates. Although

Chapter 4 - Page 25



Chapter 4

the specificity of tebufenozide is not addressed in
detail in the recent U.S. EPA (1999¢) ecological

risk assessment, it was reviewed in detail by Rohm
and Haas (Keller 1998). That review is consistent
with publications in the open literature relating to
species specificity of tebufenozide (Addison 1996;
Biddinger and Hull 1995; Biddinger and others 1998;
Brown 1996; Butler and others 1997; Dhadialla and
others 1998; Rumpf and others 1998; Smagghe and
others 1996; Valentine and others 1996). In general,
Lepidoptera are sensitive to tebufenozide, but other
insects are much less sensitive (Smagghe and Degheele
1994a). The differing levels of sensitivity appear to
be related to differences in ecdysone receptor binding
(Smagghe and others 1996) rather than differences in
pharmacokinetics (Smagghe and Degheele 1994b).

There are four studies regarding the effects of
tebufenozide on terrestrial invertebrates under field or
field-simulation conditions. Three of these studies are
published (Addison 1996, Butler and others 1997b,
Valentine and others 1996), and one is an unpublished
study conducted by Rohm and Haas (Walgenbach
1995). The studies by Addison (1996) and Butler and
others (1997b) are most directly relevant to the risk
assessment in Appendix J, because they assayed the
effects on nontarget invertebrates in the forest canopy
(Butler and others 1997b) and forest soil (Addison
1996) after the application of tebufenozide.

In the study by Addison (1996), tebufenozide was
incorporated into forest soil at a concentration of 72.1
ppm. Based on a typical application rate of 70 g/ha
and the assumption that tebufenozide will remain in
the top 2 cm of soil, Addison (1996) estimated that
the soil concentration of 72.1 ppm is equivalent to a
concentration that is 100 times greater than expected
environmental concentrations. There were no adverse
effects on one species of earthworm (Dendrobaena
octaedra) or on four species of Collembola (Folsomia
candida, Folsomia nivalis, Onychiurus parvicornis,
and Hypogastrura pannosa), which are indigenous to
forest soils in Canada and the northern United States.
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Consistent with results of the Addison (1996) study;,
a standard bioassay on earthworms (Eisenia foetida)
noted no adverse effects at soil concentrations of up
to 1,000 ppm over a 14-day exposure period (Garvey
1992).

Butler and others (1997b) conducted a study on canopy
arthropods in which tebufenozide was applied at

rates of 0.03 and 0.06 Ib a.i./acre to a mixed oak plot
in Ohio. The investigators examined the efficacy of
tebufenozide against gypsy moth larvae and its effects
on nontarget arthropods. Population assays included
measures of abundance and diversity in 10 arthropod
families and 15 lepidopteran species. A decrease in
abundance was noted in some lepidopteran species,
while no effects on abundance or richness were noted
in any organisms other than lepidopteran species.

The studies by Valentine and others (1996) and
Walgenbach (1995) involve the application of
tebufenozide formulations to apple orchards.
Tebufenozide had no effects on species of mites,
spiders, various beetles (Coleoptera), and true bugs
(Hemiptera), after being applied to apple orchards at
rates effective in controlling lepidopteran pest species
(Valentine and others 1996). Similarly, Walgenbach
(1995) noted no effects on beneficial insect populations.
These two studies support the general conclusion that
tebufenozide is likely to have an adverse impact on
Lepidoptera, but not on nonlepidopteran species.

Fish.

Information on the toxicity of tebufenozide to fish

is summarized in Appendix J. All of the available
studies were conducted in support of the registration of
tebufenozide and submitted to the U.S. EPA.

The acute toxicity of tebufenozide to fish is relatively
low with LC_ values of 3.0 mg a.i./L in bluegill
sunfish (Graves and Smith 1992b) and 5.7 mg a.i./L
in rainbow trout (Graves and Smith 1992c). There

is greater concern, however, regarding the potential
chronic toxicity of tebufenozide to fish. The U.S.



Environmental Consequences

EPA evaluates all studies like those summarized in
Appendix J to determine whether the conclusions are
consistent with the data, and in many instances the U.S.
EPA accepts the study conclusions. For tebufenozide,
however, the U.S. EPA has disagreed with conclusions
for a fathead minnow egg and fry study as well

as a fathead minnow full life cycle study. This
disagreement is discussed further in the dose-response
assessment (section 4.3.3.1 of Appendix J).

Aquatic Invertebrates.

Unpublished studies on the toxicity of tebufenozide

to aquatic invertebrates submitted to the U.S. EPA

in support of the registration of tebufenozide are
summarized in Appendix J. Some invertebrate assays
were conducted in support of the registration of
tebufenozide, and the summaries of these studies in
Appendix J are based on a review of the full text copies
of the studies submitted to the U.S. EPA. Additional
studies published in the open literature are discussed
below. Unlike some of the fish studies, the studies on
aquatic invertebrates, summarized in Appendix J, were
accepted without exception by the U.S. EPA (1999¢).

In the studies submitted for registration, the acute
toxicity of tebufenozide to Daphnia (Crustacea) and
midges (Insecta) is on the same order as that for fish,
with a 48-hour LC, value of 3.8 mg/L for daphnids
(Graves and Smith 1992a) and a 96-hour LC, value
of 0.3 mg/L for midge larvae (van der Kolk 1997).
Similarly, a study published in the open literature and
sponsored by the U.S. Geological Survey reported
higher LC, values for Crustacea (17.37 mg/L for
Daphnia and 5.53 mg/L for Artemia) than for two
species of mosquitoes (0.92 mg/L for Aedes aegypti
and 0.15 mg/L for Aedes taeniorhynchus) (Song and
others 1997).

Kreutzweiser and Thomas (1995) assayed the effects
of tebufenozide on aquatic invertebrate communities in
lake enclosures. A dose-related decrease in cladoceran
abundance was noted, persisting for 1-2 months at the
two lower concentrations and for 12-13 months at the

two higher concentrations. The decrease in cladoceran
abundance was accompanied by an increase in the
abundance of rotifers, suggesting that the changes in
community structure could be attributable to secondary
or trophic effects rather than to toxicity.

Rohm and Haas summarized the results of several
field studies or field simulation studies (Kreutzweiser
and others 1994, 1995) regarding the effects of
tebufenozide on aquatic invertebrates (Keller 1998).

Cumulative Effects of Tebufenozide.

Risk to Human Health (Issue 1).

Tebufenozide and diflubenzuron could have a
cumulative effect on methemoglobinemia. USDA
gypsy moth management programs do not use

these two chemicals together in the same area at the
same time; however, tebufenozide might be applied

to the same area in multiple years for eradication
projects. These multiple applications of tebufenozide
over a period of time may increase the potential

risk of methemoglobinemia. Exposure to other
methemoglobinemia-inducing compounds in the
environment may contribute to a cumulative effect.

For example, individuals exposed to combustion smoke
or carbon monoxide (agents causing oxidative damage
to blood) in addition to exposure to tebufenozide may
be at increased risk of developing methemoglobinemia.
Individuals exposed to high levels of nitrates, either

in air or in water, demonstrate increased levels of
methemoglobin and may be at increased risk with
exposure to compounds such as tebufenozide.

Risk to Nontarget Organisms (Issue 2).
Tebufenozide generally would not be used in
conjunction with other treatments; however, it might
be applied to the same area in multiple years for
eradication projects. Generally these areas are small
(usually no more than 5,000 acres). As used in USDA
gypsy moth treatment projects, tebufenozide might
have a cumulative effect on nontarget caterpillars of
moths and butterflies by potentially reducing their
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populations, but it will not affect other aquatic and
terrestrial species.

4.10 Consequences of Adding
a New Treatment Under
Alternative 3.

At this time a prediction can not be made as to

what new treatments might become available in the
future for the gypsy moth. Given the protocol built

into Alternative 3 (see Chapter 2), the effects and
cumulative effects associated with any treatment(s)
would pose no greater risk to human health and
nontarget organisms than are disclosed in this SEIS for
the currently approved treatments and for tebufenozide.

4.11 Summary of Effects
Including Cumulative Effects.

Risk to Human Health (Issue 1).

General.

During a gypsy moth outbreak, people are exposed to
large numbers of gypsy moths and experience skin and
eye irritation and respiratory system effects, sometimes
to the extent that they may seek medical treatment.
Although both B.t.k. and Gypchek may also cause these
effects, these irritations most likely will be less intense
than irritations from a gypsy moth outbreak. No other
human health effects are plausible for Gypchek; for
disparlure, no human health risks could be identified,
the only effect being the nuisance of male moths
attracted to people working with traps that contain the
female gypsy moth sex pheromone, disparlure.

No human health effects are likely from exposure to
diflubenzuron and tebufenozide at application rates
used in USDA gypsy moth projects. With very high
exposures, increases in methemoglobin, an abnormal
blood pigment that reduces the oxygen-carrying
capacity of the blood, might be detectable for both
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insecticides. Should high application rates (0.12 Ibs/
acre in two applications 3 days apart) of tebufenozide
be used, ingestion of tebufenozide becomes a concern.
For example, on contaminated fruit, the upper range
for the HQ of 1.5 is for long-term consumption of fruit
(Table 4-2). Applications at these high levels are not
likely to occur in USDA projects.

The risk posed by dichlorvos is greatest for people
who might tamper with traps and receive high levels of
dermal exposure, or who might ingest the insecticide
strip contained in the trap (Table 4-2). The upper range
of the HQ of 380 depicts a child ingesting a dichlorvos
strip. This scenario has never been encountered in
USDA projects.

Cumulative Effects.

Repeated defoliation over successive years by gypsy
moth caterpillars increases the potential exposure
and subsequent skin, eye, and respiratory reactions.
All of the treatments would reduce this risk over
time. Diflubenzuron and tebufenozide both evoke
the formation of methemoglobin; however, these
treatments would not be utilized at the same time in
the same area. Improper handling of dichlorvos poses
a cumulative risk to workers, especially if ventilation
is inadequate and proper handling procedures are not
followed.

Risk to Nontarget Organisms
(Issue 2).

General.

Other than effects on trees, current data and literature
on the gypsy moth reveal only minor effects on other
terrestrial and aquatic organisms; studies were in many
cases of short duration and evaluated only a segment of
the ecosystem or only a few species. There is a general
lack of long-term, multi-year studies measuring over
decades the impact of the gypsy moth on terrestrial

and aquatic species and ecosystems. This deficiency
of extended studies may mask and underestimate the
long-term impacts of gypsy moth on terrestrial and
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aquatic systems. Gypchek, mass trapping (dichlorvos),
and disparlure have no long- or short-term effects on
nontarget terrestrial species; all hazard quotients are
less than 0.01 (Table 4-2). Gypchek and dichlorvos

in USDA treatment projects do not affect aquatic
nontarget organisms. The highest calculated disparlure
hazard quotient in any aquatic organism is 0.37 (some
small aquatic invertebrates). Under normal conditions
of USDA gypsy moth management projects, disparlure
is not expected to impact aquatic organisms.

B.t.k. applications impact certain spring-feeding
butterflies and moths. Many lepidopteran species are
not affected, especially those not present in the treated
foliage and species arriving in treatment areas after the
B.t.k. has disappeared from the foliage.

Compared with any of the other treatments,
diflubenzuron affects a greater variety of terrestrial
and aquatic nontarget species: moths and butterflies,
grasshoppers, parasitic wasps, aquatic insects, bottom-
dwelling crustaceans, and immature free-floating
crustaceans (Table 4-2).

Tebufenozide affects only Lepidopterans, having no
other expected significant effect on other terrestrial
species or aquatic invertebrates (Table 4-2). There is
no expectation that tebufenozide would be used at the
highest application rates in USDA treatment projects;
as a result the hazard quotient derived from a mammal
eating contaminated fruit is likely to be lower than 1.5
(Table 4-2).

Cumulative Effects.

Repeated spraying with B.t.k., difftubenzuron, or
tebufenozide is likely to decrease lepidopteran species
populations if the same areas are sprayed over 2 or
more years. An expected result of cumulative impact
on sensitive lepidopteran species from repeated annual
spraying with any of these treatments is reasonable, as
is the expectation that repeated annual spraying with
diflubenzuron would have a cumulative impact on

aquatic organisms if this insecticide reached aquatic
ecosystems.

4.12 Operational Flexibility of
Treatments.

In order to minimize possible effects on threatened

and endangered species that may be present in areas
proposed for treatment, for example, Gypchek, mass
trapping, and mating disruption (where appropriate)
could be selected instead of using B.t.k., diflubenzuron,
or tebufenozide.

Tebufenozide (Alternative 2) provides the USDA
National Gypsy Moth Management Program with an
additional treatment option that may prove useful for
reducing the threat posed by gypsy moth outbreaks.
Alternative 3 affords the greatest flexibility to the
National Gypsy Moth Management Program.

4.13 Unavoidable Adverse
Effects.

Since this SEIS is programmatic in nature, no
unavoidable adverse effects were identified for any of
the alternatives. Any adverse effects that might occur
would be identified and addressed in environmental
analyses at the site-specific project level.

4.14 Short-Term Uses and
Long-Term Productivity.

The National Environmental Policy Act (NEPA)
requires consideration of “the relationship between
short-term uses of man’s environment and the
maintenance and enhancement of long-term
productivity” (42 U.S.C. 4322 (2)(C)). As declared
by the Congress, this relationship includes using all
practicable means and measures, including financial
and technical assistance, in a manner calculated to
foster and promote the general welfare, to create and
maintain conditions under which man and nature can
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exist in productive harmony, and fulfill the social,
economic, and other requirements of present and future
generations of Americans (NEPA Section 101).

The gypsy moth threatens the forest resources in

the United States both in the short and long term, as
described in Section 4.3 and in Appendix L. Each
alternative provides treatments to lessen and delay the
impacts of the gypsy moth on these forest resources.
Alternative 2 provides an additional treatment and
increased operational flexibility for gypsy moth
treatment projects. Alternative 3 provides the greatest
operational flexibility for gypsy moth treatment
projects. Although the treatments may have short-term
effects as outlined in Sections 4.4 — 4.9 and Table 4-2,
no long-term effect could be identified—except for
B.t.k. where sensitive spring lepidopteran species may
take longer to recover. Mitigation measures at the
site-specific project level will reduce the short- and
long-term impacts of the treatments for each of the
alternatives.

4.15 Measures to Mitigate
Adverse Environmental

Impacts.

Given the variety of places and circumstances where
gypsy moth projects could be implemented, it will be
necessary to develop and implement specific mitigation
measures for each project. Mitigation measures will be
developed and implemented on a site-specific basis for
each project based on local conditions and concerns.
See Chapter 2 for mitigation measures.

4.16 Urban Quality, Historic
and Cultural Resources,

and Design of the Built
Environment.

In-depth, site-specific environmental analyses will

be performed for individual projects, as this SEIS is
programmatic in nature.
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4.17 Energy Requirements and
Conservation Potential
of Various Alternatives.

All of the alternatives involve energy use, primarily
aviation fuel used by aircraft and helicopters for
treatment application. Designing spray blocks for
efficiency reduces flight time and conserves fuel.

4.18 Natural or Depleted
Resource Requirements and
Conservation Potential of
Various Alternatives.

All alternatives reduce the impact of the gypsy moth on
forest resources in protecting forests from gypsy moth
outbreaks that may cause tree mortality. Other than the
use of air space over treatment areas, with the short-
term impacts of aviation noise and limitation of public
use during application, no inherent natural or cultural
resource requirements exist for the three alternatives.
Impacting factors for specific projects will be addressed
with site-specific environmental analyses.

4.19 Irreversible and
Irretrievable Commitments of
Resources.

Irreversible and irretrievable commitments of resources
due to the presence of the gypsy moth, defoliation, and

specific treatments occur at the project level and are
disclosed through site-specific analyses.

4.20 Other Required
Disclosures.

NEPA at 40 CFR 1502.25(a) directs “to the

fullest extent possible, agencies shall prepare draft
environmental impact statements concurrently with and
integrated with ... other environmental review laws and
executive orders.”
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Because this SEIS is programmatic in nature, the
Forest Service and APHIS will ensure that site-specific
consultations will be done as necessary at the project
level for the Endangered Species Act (ESA), the
National Historic Preservation Act (NHPA), and any
other laws, regulations, executive orders, and agency
policies that apply.
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Figure 5-1. Civilian Conservation Corps workers traveled by truck to perform
gypsy moth field work.
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Preparers and Contributors

Individuals listed as preparers were responsible for
developing the content of this document. C