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Executive Summary

The United States Department of the Interior (USDI) Bureau of Land Management (BLM) is proposing a program to
treat vegetation on up to six million acres of public lands annually in 17 western states in the continental United States
(US) and Alaska. As part of this program, the BLM is proposing the use of ten herbicide active ingredients (a.i.) to
control invasive plants and noxious weeds on approximately one million of the 6 million acres proposed for treatment.
The BLM and its contractor, ENSR, are preparing a Vegetation Treatments Programmatic Environmental Impact
Statement (EIS) to evaluate this and other proposed vegetation treatment methods and alternatives on lands managed
by the BLM in the western continental US and Alaska. In support of the EIS, this Ecologica Risk Assessment (ERA)
evaluates the potentia risks to the environment that would result from the use of the herbicide diquat, including risks
to Rare, Threatened, and Endangered (RTE) plant and animal species.

One of the BLM’ s highest prioritiesis to promote ecosystem health, and one of the greatest obstacles to achieving this
goa is the rapid expansion of invasive plants (including noxious weeds and other plants not native to the region)
across public lands. These invasive plants can dominate and often cause permanent damage to natura plant
communities. If not eradicated or controlled, invasive plants will jeopardize the heath of public lands and the
activities that occur on them. Herbicides are one method employed by the BLM to control these plants.

Herbicide Description

Diquat is a nonselective contact herbicide for the control of broad-leaf aguatic weeds post-emergence. This herbicide
is a cell membrane disrupter that is activated by exposure to sunlight to form oxygen compounds that damage cell
membranes.

Diquat is used by the BLM for vegetation control in their Aquatics program. Application (to ponds but not streams) is
carried out through both aerial and ground dispersal. Aeria dispersal is executed through the use of a plane or
helicopter. Ground applications are executed on foot or horseback with backpack sprayers and from all terrain
vehicles or trucks equipped with spot or boom/broadcast sprayers. The BLM typicaly applies diquat at arate of 1.0
pounds (Ibs) a.i. per acre (ai./ac). The maximum application rate is 4.0 Ibs a.i./ac.

Ecological Risk Assessment Guidelines

The main objectives of this ERA were to evaluate the potentia ecological risks from diquat to the health and welfare
of plants and animals and their habitats and to provide risk managers with a range of generic risk estimates that vary
as afunction of site conditions. The categories and guidelines listed below were designed to help the BLM determine
which of the proposed aternatives evaluated in the EI'S should be used on BLM-managed lands.

o Exposure pathway evauation — The effects of diquat on several ecological receptor groups (i.e., terrestria
animals, non-target terrestrial plants, fish and aguatic invertebrates, and non-target aquatic plants) via particular
exposure pathways were evaluated. The resulting exposure scenarios included the following:
= direct contact with the herbicide or a contaminated waterbody;
= indirect contact with contaminated foliage;

» ingestion of contaminated food items;
» off-sitedrift of spray to terrestria areas, and
= accidental spillsto waterbodies.
o Définition of data evaluated in the ERA — Herbicide concentrations used in the ERA were based on typical and

maximum application rates provided by the BLM. These application rates were used to predict herbicide
concentrations in various environmental media (e.g., soils, water). Some of these caculations required the
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computer model AgDRIFT®, which was used to estimate off-site herbicide transport due to spray drift, and an
additional sensitivity model designed to determine how pond and stream volumes affect exposure concentrations.

e Identification of risk characterization endpoints — Endpoints used in the ERA included acute mortality; adverse
direct effects on growth, reproduction, or other ecologically important sublethal processes; and adverse indirect
effects on the survival, growth, or reproduction of salmonid fish. Each of these endpoints was associated with
measures of effect such as the No Observed Adverse Effect Level (NOAEL) and the median lethal effect dose
and median lethal concentration (LDsg and L Csp).

e Development of a conceptua model — The purpose of the conceptual model is to display working hypotheses
about how diquat might pose hazards to ecosystems and ecologica receptors. This is shown via a diagram of the
possible exposure pathways and the receptors evaluated for each exposure pathway.

In the analysis phase of the ERA, Estimated Exposure Concentrations (EECs) were identified for the various receptor
groups in each of the applicable exposure scenarios via exposure modeling. Risk Quotients (RQs) were then
calculated by dividing the EECs by herbicide- and receptor-specific or exposure media-specific Toxicity Reference
Vaues (TRVs) selected from the available literature. These RQs were compared to Levels of Concern (LOCs)
established by the US Environmental Protection Agency (USEPA) Office of Pesticide Programs (OPP) for specific
risk presumption categories (i.e., acute high risk, acute high risk potentially mitigated through restricted use, acute
high risk to endangered species, and chronic high risk).

Uncertainty

Uncertainty is introduced into the herbicide ERA through the selection of surrogates to represent a broad range of
species on BLM-managed lands, the use of mixtures of diquat with other potentialy toxic ingredients (i.e.,
degradates, inert ingredients, and adjuvants), and the estimation of effects via exposure concentration models. The
uncertainty inherent in screening level ERAS is especially problematic for the evaluation of risks to RTE species,
which are afforded higher levels of protection through government regulations and policies. To attempt to minimize
the chances of underestimating risk to RTE and other species, the lowest toxicity levels found in the literature were
selected as TRV's; uncertainty factors were incorporated into these TRV's; alometric scaling was used to develop dose
values, model assumptions were designed to conservatively estimate herbicide exposure; and indirect as well as direct
effects on species of concern were evaluated.

Herbicide Effects

Literature Review

According to the Ecologica Incident Information System (EIIS) database run by the USEPA OPP, diquat has been
associated with ten reported “ecological incidents’ involving damage or mortality to non-target flora or fauna. It was
listed as probable (seven incidents) or possible (three incidents) that registered use of diquat was responsible.

A review of the available ecotoxicologica literature was conducted in order to evauate the potential for diquat to
negatively directly or indirectly affect non-target taxa. Thisreview was aso used to identify or derive TRVsfor usein
the ERA. The sources identified in this review indicate that diquat is moderately toxic to mammals, particularly via
dermal exposure. Diquat is aso moderately toxic to birds and honeybees (Apis spp.). In addition, adverse effects to
non-target terrestrial plant species occurred with exposure to low concentrations of diquat (0.0047 Ibs a.i./ac). Diquat
has relatively low toxicity to fish and moderate toxicity to aquatic invertebrates. Diquat does not appear to appreciably
bioconcentrate in fish tissue. Aquatic macrophytes were adversely affected by diquat concentrations as low as
0.00075 milligrams (mg) /liter (L) (typical herbicide application rates in this ERA resulted in pond concentrations of
0.11 mg ai./L and stream concentrations of 0.56 mg a.i./L). There did not appear to be appreciable differences in
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sensitivities among aguatic macrophytes, diatoms, and algae. No acute toxicity studies conducted on amphibian
species were found in the literature reviewed.

Ecological Risk Assessment Results

Based on the ERA conducted for diquat, there is the potential for risk to ecological receptors from exposure to
herbicides under specific conditions on BLM-managed lands. The following bullets summarize the risk assessment
findings for diguat under each evaluated exposure scenario:

e Direct Spray — Risks were predicted for pollinating insects due to direct spray and indirect contact with
contaminated foliage. Acute risks were predicted for 7 of 10 wildlife scenarios, and chronic risks were predicted
for 6 of 10 wildlife scenarios (risk is somewhat lower at the typical application rate versus the maximum rate).
Risk to terrestrial and aquatic non-target plants, fish, and aquatic invertebrates is likely when waterbodies are
accidentally or intentionally (pond applications) sprayed. No risks were predicted for piscivorouswildlife.

o Off-Site Drift to Non-Target Terrestrial Plants — Risks to typical and RTE terrestrial plant species were predicted
within 900 feet (ft) of all aeria applications at both the typical and maximum application rates. Risk quotients
were also elevated for typical and RTE plant species within 100 ft of ground applications (low and high booms).

e Accidental Spill to Pond — Risk to fish, aquatic invertebrates, and non-target aquatic plants is likely when
herbicides are spilled directly into the pond.

In addition, species that depend on non-target species for habitat, cover, and/or food may be indirectly impacted by
possible reductions in terrestrial or aguatic vegetation or effects on terrestrial and aquatic wildlife, particularly in
accidental direct spray and spill scenarios. For example, RTE salmonids may be indirectly impacted by areduction in
food supply (i.e., fish and aquatic invertebrates) or a reduction in vegetative cover in the relatively unlikely case of an
accidental spill to the stream.

Based on the results of the ERA, it is unlikely that RTE species would be harmed by appropriate use (see following
section) of the herbicide diquat on BLM-managed lands. Although non-target terrestrial plants have the potential to be
adversely affected by off-site drift of diquat, adherence to certain application guidelines (e.g., defined application
rates, equipment, herbicide mixture, and downwind distance to potentially sensitive habitat) would minimize the
potential effects on non-target plants and associated indirect effects on species that depend on those plants for food,
habitat, and cover.

Recommendations

The following recommendations are designed to reduce potentia unintended impacts to the environment from the
application of diquat:

e Sdect herbicide products carefully to minimize additional impacts from adjuvants. This is especidly
important for application scenarios that aready predict potential risk from the a.i. itself.

e Review, understand, and conform to "Environmental Hazards" section on herbicide label. This section warns
of known pesticide risks to wildlife receptors or to the environment and provides practical ways to avoid
harm to organisms or the environment.

e Avoid accidental direct spray and spill conditions to reduce the greatest potential impacts.

o Use the typica application rate, rather than the maximum application rate, to reduce risk to some wildlife
receptors (e.g., large carnivore, small bird).
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e Use ground application methods at the typica or maximum application rate with buffer zones of more than
100 ft to reduce potentia risksto typical terrestrial plants from off-site drift.

e To reduce potential risks to RTE terrestrial plants from off-site drift during ground applications, use buffer
zones of more than 100 ft at the typical rate, or buffer zones of at least 1,000 ft when using the maximum
application rate (based on basic regression evaluation of RQs and distance).

e Buffer zones of greater than 900 ft may be necessary if aerial application is planned. Regression anaysis
indicates that a buffer zone of 1,200 ft should be protective of typical and RTE plant species.

e Avoid application to ponds where RTE species have been identified.

The results from this ERA assist the evaluation of proposed alternatives in the EIS and contribute to the devel opment
of aBiological Assessment (BA), specifically addressing the potential impacts to proposed and listed RTE species on
western BLM treatment lands. Furthermore, this ERA will inform BLM field offices on the proper application of
diquat to ensure that impacts to plants and animals and their habitat are minimized to the extent practical.
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1.0 INTRODUCTION

The United States Department of the Interior Bureau of Land Management (USDI BLM) is proposing a program to
treat vegetation on up to six million acres of public lands annually in 17 western states in the continental US and
Alaska. The primary objectives of the proposed program include fuels management, weed control, and fish and
wildlife habitat restoration. Vegetation would be managed using five primary vegetation trestment methods -
mechanical, manual, biological, chemical, and prescribed fire.

The BLM is preparing a Vegetation Treatments Programmatic EIS to evauate proposed vegetation treatment
methods and aternatives on lands managed by the BLM in the western continental US and Alaska (USDI BLM
2005). As part of the EIS, severd ERAs and a Human Health Risk Assessment (HHRA; ENSR 2004b) were
conducted on several herbicides used, or proposed for use, by the BLM. These risk assessments evaluate potentia
risks to the environment and human health from exposure to these herbicides both during and after treatment of public
lands. For the ERAS, the herbicide active ingredients evaluated were tebuthiuron, diuron, bromacil, chlorsulfuron,
sulfometuron-methyl, diflufenzopyr, Overdrive® (a mix of dicamba and diflufenzopyr), imazapic, diquat, and
fluridone. The HHRA evaluated the risks to humans from only six active ingredients (sulfometuron-methyl, imazapic,
diflufenzopyr, dicamba, diquat, and fluridone) because the other active ingredients were already quantitatively
evaluated in previous EISs (e.g., BLM 1991). [Note that in the HHRA, Overdrive® was evaluated as its two separate
components, dicamba and diflufenzopyr, as these two active ingredients have different toxicological endpoints,
indicating that their effects on human health are not additive.] The purpose of this document is to summarize results
of the ERA for the herbicide diquat.

Updated risk assessment methods were developed for both the HHRA and ERA and are described in a separate
document, Vegetation Treatments Programmatic EIS Ecological Risk Assessment Methodology (hereafter referred to
as the “Methods Document;” ENSR 2004c). The methods document provides, in detail, specific information and
assumptions used in three models utilized for this ERA (exposure point modeling using Groundwater Loading Effects
of Agricultural Management Systems [GLEAMS], AgDRIFT®, and California Puff [CALPUFF]).

1.1 Objectives of the Ecological Risk Assessment

The purpose of the ERA is to evaluate the ecological risks of ten herbicides on the health and welfare of plants and
animals and their habitats, including threatened and endangered species. This analysis will be used by the BLM, in
conjunction with analyses of other treatment effects on plants and animals, and effects of treatments on other
resources, to determine which of the proposed treatment alternatives evaluated in the EIS should be used by the BLM.
The BLM Field Offices will also utilize this ERA for guidance on the proper application of herbicides to ensure that
impacts to plants and animals are minimized to the extent practical when treating vegetation. The US Fish and
Wildlife Service (USFWS) and Nationa Oceanic and Atmospheric Administration Fisheries Service (NOAA
Fisheries), in their preparation of a Biological Opinion (BO), will aso use the information provided by the ERA to
assess the potential impact of vegetation treatment actions on fish and wildlife and their critical habitats.

This ERA, which provides specific information regarding the use of the terrestrial herbicide diquat, contains the
following sections:

Section 1: Introduction

Section 2: BLM Herbicide Program Description — This section contains information regarding herbicide
formulation, mode of action, and specific BLM herbicide use, which includes application rates and methods of
dispersal. This section also contains a summary of incident reports documented with the United States
Environmental Protection Agency (USEPA).

BLM Vegetation Treatments Using Herbicides 1-1 November 2005
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Section 3: Herbicide Toxicology, Physical-Chemical Properties, and Environmental Fate — This section contains
asummary of scientific literature pertaining to the toxicology and environmental fate of diquat in terrestrial and
aquatic environments, and discusses how its physical-chemical properties are used in the risk assessment.

Section 4: Ecological Risk Assessment — This section describes the exposure pathways and scenarios and the
assessment endpoints, including potential measured effects. It provides quantitative estimates of risks for severa
risk pathways and receptors.

Section 5: Sensitivity Analysis— This section describes the sensitivity of each of three models used for the ERA
to specific input parameters. The importance of these conditions to exposure concentration estimates is
discussed.

Section 6: Rare, Threatened, and Endangered Species (RTE) — This section identifies RTE species potentialy
directly and/or indirectly affected by the herbicide program. It aso describes how the ERA can be used to
evaluate potential risksto RTE species.

Section 7: Uncertainty in the Ecological Risk Assessment — This section describes data gaps and assumptions
made during the risk assessment process and how uncertainty should be considered in interpreting results.

Section 8: Summary — This section provides a synopsis of the ecological receptor groups, application rates, and
modes of exposure. This section also provides a summary of the factors that most influence exposure
concentrations with general recommendations for risk reduction.

BLM Vegetation Treatments Using Herbicides 1-2 November 2005
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2.0 BLM HERBICIDE PROGRAM
DESCRIPTION

2.1 Problem Description

One of the BLM’ s highest prioritiesis to promote ecosystem health, and one of the greatest obstacles to achieving this
god is the rapid expansion of weeds across public lands. These invasive plants can dominate and often cause
permanent damage to natural plant communities. If not eradicated or controlled, noxious weeds will jeopardize the
health of public lands and the myriad of activities that occur on them. The BLM’ s ability to respond effectively to the
challenge of noxious weeds depends on the adequacy of the agency’ s resources.

Millions of acres of once healthy, productive rangelands, forestlands and riparian areas have been overrun by noxious
or invasive weeds. Noxious weeds are any plant designated by a federal, state, or county government as injurious to
public health, agriculture, recreation, wildlife, or property (Sheley et al. 1999). Invasive plants include not only
noxious weeds, but also other plants that are not native to the region. The BLM considers plants invasive if they have
been introduced into an environment where they did not evolve. Invasive plants usually have no natural enemies to
limit their reproduction and spread (Westbrooks 1998). They invade recreation areas, BLM-managed public lands,
National Parks, State Parks, roadsides, streambanks, federd, state, and private lands. Invasive weeds can:

o destroy wildlife habitat, reduce opportunities for hunting, fishing, camping and other recreational activities;

displace RTE species and other species critical to ecosystem functioning (e..g, riparian plants);
¢ reduce plant and animal diversity;

e invade following wildland and prescribed fire (potentially into previously unaffected areas), limiting
regeneration and establishment of native species and rapidly increasing acreage of infested land;

¢ increasefuel loads and decrease the length of fire cycles and/or increase the intensity of fires;
o disrupt waterfowl and neo-tropical migratory bird flight patterns and nesting habitats; and
e cost millions of dollarsin treatment and loss of productivity to private land owners.

The BLM uses an Integrated Pest Management (IPM) approach to manage invasive plants. Management techniques
may be biological, mechanical, chemical, or cultural. Many herbicides are currently used by the BLM under their
chemica control program. This report considers the impact to ecological receptors (animals and plants) from the use
of the herbicide diquat for the management of vegetation on BLM lands.

2.2 Herbicide Description

The herbicide-specific use-criteria discussed in this document were obtained from the product label as registered with
the USEPA asiit applies to the proposed BLM use. Diquat application rates and methods discussed in this section are
based on proposed BLM herbicide use and are in accordance with herbicide labels approved by the USEPA. The
BLM should be aware of al state-specific label requirements and restrictions. In addition, new USEPA approved
herbicide labels may be issued after publication of this report, and BLM land managers should be aware of al newly
approved federdl, state, and local restrictions on herbicide use when planning vegetation management programs.

Diquat is a nonselective contact herbicide for the management of aquatic weed species. This herbicide is a cell
membrane disrupter that is activated by exposure to sunlight to form oxygen compounds that damage cell membranes.

BLM Vegetation Treatments Using Herbicides 2-1 November 2005
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Diquat is proposed for use by the BLM in their Aquatics vegetation management program. The mgority of
application occurs in inland freshwater habitats; diquat is rarely used in marine or estuarine habitats. Application is
carried out through both aerial and ground dispersal. Aeria dispersal is executed through the use of a plane or
helicopter. Ground applications are executed on foot or horseback with backpack sprayers and from all terrain
vehicles or trucks equipped with spot or boom/broadcast sprayers. In addition, applications will be made using a boat
with either a handgun, which will be used to make spot treatments, or a boom, which will be used to make broadcast
applications on top of or under the water surface. The BLM typically applies diquat at a rate of 1.0 Ibs ai./ac. The
maximum application rate is 4.0 Ibs a.i./ac. Details regarding expected diquat usage by the BLM are provided in
Table 2-1 at the end of this section.

2.3 HerbicidelIncident Reports

An “ecological incident” occurs when non-target flora or faunais killed or damaged due to application of a pesticide.
When ecological incidents are reported to a state agency or other proper authority, they are investigated and an
ecological incident report is generated. The Federa Insecticide, Fungicide, and Rodenticide Act (FIFRA) requires
product registrants to report adverse effects of their product to the USEPA.

The USEPA OPP manages a database, the EIIS, which contains much of the information in the ecologica incident
reports. As part of thisrisk assessment, USEPA was requested to provide all availableincident reportsin the EINS that
listed diguat as a potential source of the observed ecological damage.

The USEPA EIIS contained ten incident reports involving diquat. In seven incidents, mortality of fish and other fauna
were attributed to diquat; three incidents involved plant damage. Two of the seven incidents had references to
additional pesticide use (malathion and copper sulfate). The incident reports listed the likelihood that diquat actually
caused the observed damaged as “probable” in seven incidents and “possible” in three incidents. A summary of these
incidentsis provided in Table 2-2 at the end of this section.

BLM Vegetation Treatments Using Herbicides 2-2 November 2005
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BLM Diquat Use Statistics

INTERNATIONAL

Application Rate
. . Typical Maximum
?
Program Scenario  Vehicle Method Used” (bsa.i/ac) (bsa.i/ac)
Rangeland No
Public-Domain Forest Land No
Energy & Mineral Sites No
Rights-of-way No
Recreation No
Aquatic Aeria Plane Fixed Wing Yes 10 40
Helicopter Rotary Yes 1.0 4.0
Ground  Human Backpack Yes 1.0 4.0
Horseback Yes 1.0 4.0
ATV Spot Yes 1.0 4.0
Boom/Broadcast  Yes 10 4.0
Truck Spot Yes 1.0 4.0
Boom/Broadcast Yes 1.0 4.0
TABLE 2-2
Diquat Incident Report Summary
Application . Diquat 1 . : M agnitude of
Year TN O Incident Type Certainty Other! Dispersal  Organisn  Distance’ Damage
1982 NA Undetermined Probable Yes Direct Spot, Mullet, Vicinity Mortality
Trout, Drum,
1993 Pond RegisteredUse  Possible No Direct Carp, Bream  Adjacent g/(l)otr)trzlela% - 15cap,
1994 Drain Intentional Misuse Probable No NA Fish Vicinity  Mortality - Unknown
Municipal . . . Frogs, S .
1994 Operation Undetermined Possible Yes Direct Wildflowers Vicinity  Mortdity - Unknown
1995 Agriculturd Accident Probable No Drift Strawberry Adjacent Unknown
1998 Pond Registered Use  Probable No Direct Bass 0 Mortality
1999 Agricultural Misuse Probable No Drift Alfdfa NA Plant damage
2001 Pond Accident Probable No Direct Turtle, Alligator O Mortality - 400
turtles, 3 alligator
2002 Lake Registered Use  Probable Yes Direct Clams 0 Mortality - thousands
2003 NA Undetemined  Possble No  Drift  Spinach NA Plant damage -
unknown
1 Other = other chemicals used in conjunction with diquat (yes/no).
2 Distance = estimated distance from application area.
NA = information not available.
BLM Vegetation Treatments Using Herbicides 2-3 November 2005
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3.0 HERBICIDE TOXICOLOGY,
PHYS CAL-CHEMICAL PROPERTIES,
AND ENVIRONMENTAL FATE

This section summarizes available herbicide toxicology information, describes how this information was obtained,
and provides a basis for the level of concern values selected for this risk assessment. Diquat’s physical-chemical
properties and environmental fate are also discussed.

3.1 Herbicide Toxicology

A review of the available ecotoxicologica literature was conducted in order to evauate the potential for diquat to
negatively effect the environment and to derive TRVs for use in the ERA (provided in itaics in sections 3.1.2 and
3.1.3). The process for the literature review and the TRV derivation is provided in the Methods Document (ENSR
2004c). This review generaly included a review of published manuscripts and registration documents, information
obtained through a Freedom of Information Act (FOIA) request to EPA, electronic databases (e.g., EPA pesticide
ecotoxicology database, EPA’s on-line ECOTOX database), and other internet sources. This review included both
freshwater and marine/estuarine data, although the focus of the review was on the freshwater habitats more likely to
occur on BLM lands.

Endpoints for aquatic receptors and terrestrial plants were reported based on exposure concentrations (mg/L and
Ibs/ac, respectively). Dose-based endpoints (e.g., LDsS) were used for birds and mammals. When possible, dose-
based endpoints were obtained directly from the literature. When dosages were not reported, dietary concentration
data were converted to dose-based values (e.g., LCs to LDsg) following the methodology recommended in USEPA
risk assessment guidelines (Sample et al. 1996). Acute TRV's were derived first to provide an upper boundary for the
remaining TRVs, chronic TRVs were dways equivaent to, or less than, the acute TRV. The chronic TRV was
established as the highest NOAEL value that was less than both the chronic Lowest Observed Adverse Effect Level
(LOAEL) and the acute TRV. When acute or chronic toxicity data was unavailable, TRV's were extrapolated from
other relevant data using an uncertainty factor of 3, as described in the Methods Document (ENSR 2004c).

This section reviews the available information identified for diquat and presents the TRV's selected for this risk
assessment (Table 3-1). Appendix A presents a summary of the diquat data identified during the literature review.
Toxicity data are presented in the units used in the reviewed study. In most cases this applies to the a.i. itself (e.g.,
diquat); however, some data correspond to a specific product or applied mixture (e.g., Reward®) containing the a..
under consideration, and potentialy other ingredients (e.g., other active ingredients or inert ingredients). This topic,
and others related to the availability of toxicity data, is discussed in Section 7.1 of the Uncertainty section. The review
of the toxicity data did not focus on the potential toxic effects of inert ingredients (inerts), adjuvants, surfactants, and
degradates. Section 7.3 of the Uncertainty section discusses the potential impacts of these congtituents in a qualitative
manner.

311 Overview

Test materias for diquat dibromide (technical product) frequently contain 40% or less of diquat cation, and thisis the
highest purity produced (USEPA 1995a). Accordingly, most TRV's were based on products containing less than 100%
ai.. However, this toxicity data represents the potential impacts due to the types of formulations that BLM would
likely use. End-use products (commercia herbicide products) contain only 2 percent more water than technical diquat.
Consequently, the toxicity of diquat does not appreciably differ among various formulations (USEPA 19954). Diquat
is moderately toxic to mammals, particularly via dermal exposure. Diquat is aso moderately toxic to birds and
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honeybees. In addition, adverse effects to non-target terrestrial plant species occurred with exposure to low
concentrations of diquat (0.0046 Ibs a.i./ac — 0.5% of the typical application rate).

According to USEPA ecotoxicity classifications presented in registration materials', diquat has relatively low toxicity
to fish and moderate toxicity to aguatic invertebrates. Diquat does not appear to appreciably bioconcentrate in fish
tissue. No acute toxicity studies conducted on amphibian species were found in the literature reviewed. Aquatic
macrophytes were adversely affected by diquat concentrations as low as 0.00075 mg/L. There did not appear to be
appreciable differences in sensitivities among aquatic macrophytes, diatoms, and algae.

312 Toxicity to Terrestrial Organisms

Although diquat is an aquatic herbicide, it is important to discuss the herbicide's potential impacts on terrestria
organisms, asterrestrial exposure to diquat could occur as aresult of off-site drift or an accidental application.

3121 Mammals

According to USEPA reregistration eligibility documents (USEPA 1995a), diquat is considered to be moderately
toxic to mammals. Acute dermal exposure to concentrations of 262 mg a.i./kilogram (kg) BW caused 50 percent
mortality in rabbits (Leporidae sp.; the LDgy) (USEPA 1995a, Master Record ldentification Number [MRID]
001000614). In subchronic dermal exposures lasting 21 to 28 days, the LOAEL was 5 mg a.i./kg BW for rats (Rattus
norvegicus spp.; USEPA 2002, MRID 40308101). Diquat aso caused mortality when administered via oral dosing or
the diet. In studies where rats were given a single ora gavage, the reported LDsy value was 121 mg/kg BW using
technical grade diquat (no % a.i. listed; Gaines and Linder 1986). In a 2-year feeding study, rats exhibited adverse
effects when fed dietary concentrations of 75 parts per million (ppm; equivalent to 2.9 mg a.i./kg BW-day), while no
adverse effects were observed in rats fed 15 ppm (equivalent to 0.58 mg a.i./kg BW-day) (USEPA 2002, MRID
00145855 and MRID 41085601). No adverse effects to reproduction were reported in a chronic feeding study where
rodents were exposed to 16 ppm diquat (0.8 mg a.i./kg BW-day) (USEPA 2002, MRID 41531301).

Based on these findings, the oral LDsy (121 mg/kg BW) and chronic dietary NOAEL (0.8 mg a.i./kg BW-day) were
selected asthe dietary small mammal TRVs. The dermal small mammal TRV was established at 262 mg a.i./kg BW.

Toxicity data for large mammals was limited to a single long-term dietary study. In this one-year feeding study,
beagle dogs (Canis familiaris) exhibited adverse effects (changes in body and epididymides weight, cataracts in the
eye) when fed dietary concentrations of 105 ppm (equivaent to 2.5 mg a.i./kg BW-day). No adverse effects occurred
at 21 ppm (equivaent to 0.5 mg a.i./kg BW-day) (USEPA 2002, MRID 41730301).

Snce no large mammal LDsgs were identified in the available literature, the small mammal dermal LDsy was used as
a surrogate value. The large mammal dietary NOAEL TRV was established at 0.5 mg a.i./kg BW-day.

3122 Birds

Datafrom available literature indicate that diquat has moderate toxicity to birds. In acute oral exposures, 50 percent of
mallards (Anas platyrhynchos) died when exposed to a single oral dose of 60.6 mg/kg BW of a 45% diquat product
(USEPA 2003, MRID 00106559). Acute dietary tests reported 50 percent mortality in ring-necked pheasant (Coturnix
coturnix) and Japanese quail (Coturnix coturnix) fed concentrations as low as 734 and 264 ppm (equivalent to 43 and
30 mg a.i./kg BW-day, respectively) (USEPA 1995a, MRID 00034769 and MRID 00116565). In these dietary tests,
the test organism was presented with the dosed food for 5 days, with 3 days of additional observations after the dosed
food was removed. The endpoint reported for this assay is generally an LCsy representing mg a.i./ kg food. This
concentration-based value was converted to a dose-based value following the methodology presented in the Methods
Document (ENSR 2004c). Then the dose-based value was mulltiplied by the number of days of exposure (generally 5)

! Available at http://ww.epa.gov/oppefedl/ecorisk_ders/toera analysis eco.htm#Ecotox
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TABLE 3-1
Selected Toxicity Reference Valuesfor Diquat
Receptor Selected Units Duration  Endpoint Species Notes
TRV

RECEPTORSINCLUDED IN FOOD WEB MODEL

Terrestrial Animals
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Honeybee 47 ug/bee 5d LDsgo extrapolated from NOAEL ; no % a.i. listed
LargeBird 215 mg a.i./kg bw NR LDsgo ring neck pheasant
LargeBird 0.6 mg ai./kg bw-day 1generation NOAEL  mallard
Piscivorous Bird 0.6 mg a.i./kg bw-day 1generation NOAEL mallard
Small Bird 150 mg a.i./kg bw NR LDsgo Japanese quail
Small Bird > 12 mg a.i./kg bw-day NR NOAEL  bobwhite qualil
Small Mammal 0.8 mg a.i./kg bw-day 104 w NOAEL rat
Small Mammal - dermal 262 mg a.i./kg bw NR LDs rabbit
water exposure; no diet available; no % ai.
Small Mammal - ingestion 121 mgkg bw >14d LDsy rat listed
Large Mammal 121 mg/kg bw >14d LDsgy rat small mammal value, no % a.i. listed
Large Mammal 0.5 mg a.i./kg bw-day 1y NOAEL dog
Terrestrial Plants
Typica Species-direct spray, drift 0.0047 Ibai./ac NR ECx cotton vigor
RTE Species-direct spray, drift 0.0016 Iba.i./ac NR NOAEL  cotton vigor; extrapolated from EC,5
Aquatic Species
Aquatic Invertebrates 0.14 mg/L 48h ECs amphipod no % ai. listed
Fish 0.75 mg a.i./L 96 h LCs walleye
Aquatic Plants & Algeae 0.00075 mg a.i./L 14d ECso giant duckweed 35.3% a.i. product
Aquatic Invertebrates 0.044 mgai.L lifecycle NOAEL  water flea 41.4% a.i. product
Fish 0.17 mg a.i./L NR NOAEL  rainbow trout extrapolated from LOAEL /swimming speed

Aquatic Plants & Algae 0.0003 mga../L 14d NOAEL  giant duckweed extrapolated from ECs,
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TABLE 3-1 (Cont.)
Selected Toxicity Reference Valuesfor Diquat

Receptor Selected Units Duration Endpoint Species Notes
TRV
ADDITIONAL ENDPOINTS
Amphibian no data
Amphibian 2 mg/L 16d NOAEL northern leopard frog no % a.. listed
Warmwater Fish 0.75 mgailL 96 h LCs walleye
Warmwater Fish 058 mgail/L 34d NOAEL fathead minnow 41% a.i. product
Coldwater Fish 14.83 mg/L 96 h LCx rainbow trout 19.8% a.i. product
extrapolated from LOAEL

Coldwater Fish 017 mgai.L NR NOAEL rainbow trout /swimming speed

Notes:

Toxicity endpointsfor terrestrial animals Units represent those presented in the reviewed study

LDs - to address acute exposure. Piscivorous bird TRV = Large bird chronic TRV.

NOAEL - to address chronic exposure Fish TRV = lower of coldwater and warm water fish TRVs.

Toxicity endpointsfor terrestrial plants Durations:

ECs - to address direct spray or drift on typical species. h - hours

ECqs or NOAEL - to address direct spray or drift on threatened or endangered species d- days

Toxicity endpointsfor aquatic receptors w - weeks

L Csq or ECx - to address acute exposure (appropriate toxicity endpoint for non-target aquatic plants will be an ECsy). m - months

NOAEL - to address chronic exposure.

Yy - years

Vauefor fishisthe lower of the warmwater and coldwater values. NR — Not reported
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FIGURE 4-1. Conceptual Model for Aquatic Herbicides.

ol
Terrestrial Wildlife
[direct contact;
indirect contact;
ingestion] Non-Target
it Terrestrial R
3 ; A 10
3 ; Plants [direct ,@5 -
2 contact]  ¥Fa{ZINY
S S

" .
.

S
==
T ———
Fish and
Aquatic
Invertebrates

[direct contact]

Normal Direct Spray to Pond
Accidental Direct Spray to Stream

Piscivorous
Bird [ingestion of
contaminated fish]

Aquatic
Plants
[direct contact] ~ S T .

VY-

7

Accidental

Heg,

IMPACTED
POND OR STREAM

Application of aquatic herbicides may occur by aerial (i.e., plane, helicopter) ground (i.e., truck, backpack), or boat methods.

See Figure 4-2 for simplified food web & evaluated receptors.

=~
R
D
§ k
b
~




TnbIq - JUBWSSISSY 51y [20100(00T

seppIgieH Busn siuewess L uoerRbo A IN19

9T-¥

S00Z PquBAON

FIGURE 4-2. Smplified Food Web.
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FIGURE 4-3. Direct Spray - Risk Quotientsfor Terrestrial Animals.
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FIGURE 4-4. Direct Spray - Risk Quotientsfor Non-Target Terrestrial Plants.
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FIGURE 4-5. Accidental Direct Spray and Spills- Risk Quotientsfor Non-Target Aquatic Plants.
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FIGURE 4-6. Accidental Direct Spray and Spills - Risk Quotientsfor Fish.
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