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1. Executive Summary

The purpose of this assessment is to make an “effects determination” for the Barton
Springs salamander (Eurycea sosorum) by evaluating the potential direct and indirect
effects of the herbicide atrazine on the survival, growth, and reproduction of this
Federally endangered species. This assessment was completed in accordance with the
U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS)
Endangered Species Consultation Handbook (USFWS/NMES, 1998), the August 5, 2004
Joint Counterpart Endangered Species Act Section 7 Consultation Regulations specified
in 50 CFR Part 402 (USFWS/NMFS, 2004a; FR 69 47732-47762), and procedures
outlined in the Agency’s Overview Document (U.S. EPA, 2004).

The range of the Barton Springs salamander is restricted to four spring outlets that
comprise the Barton Springs complex, which is located near downtown Austin, Texas.
Subsurface flow from the Barton Springs segment of the Edwards Aquifer and its
contributing zone supply all of the water in the springs that make up the Barton Springs
complex. Therefore, the action area for the Barton Springs salamander is defined by
those areas within the hydro geologic framework of the Barton Springs segment of the
Edwards Aquifer.

Environmental fate and transport models were used to estimate high-end exposure values
expected to occur in the Barton Springs action area as a result of agricultural and nonl[
agricultural atrazine use in accordance with label directions. Modeled concentrations
provide “edge-of-field” estimates of exposure which are intended to represent atrazine
concentrations transported with runoff water directly to Barton Springs via subsurface
flow through the fractured karst limestone of the Edwards Aquifer. Estimated high-end
exposure values were compared with available monitoring data, although the monitoring
data are unlikely to capture the upper bounds of exposure due to sampling frequency. In
general, the modeled peak exposure estimates are two to ten times higher than
concentrations seen in the monitoring data, while the annual average concentrations
based on modeling are consistent with those seen in monitoring. The highest overall
modeled exposures were predicted to occur from residential uses of atrazine within the
action area.

The assessment endpoints for the Barton Springs salamander include direct toxic effects
on the survival, reproduction, and growth of the salamander itself, as well as indirect
effects, such as reduction of the prey base and/or modification of its habitat. Direct
effects to the Barton Springs salamander are based on toxicity information for freshwater
vertebrates, including fish, which are generally used as a surrogate for amphibians, as
well as available aquatic-phase amphibian data from the open literature. Given that the
salamander’s prey items and habitat requirements are dependant on the availability of
freshwater aquatic invertebrates and aquatic plants, respectively, toxicity information for
these taxonomic groups is also discussed. In addition to the registrant-submitted and
open literature toxicity information, indirect effects to Barton Springs salamanders, via
impacts to aquatic plant community structure and function are also evaluated based on



time-weighted threshold concentrations that correspond to potential aquatic plant
community-level effects.

Degradates of atrazine include hydroxyatrazine (HA), deethylatrazine (DEA),
deisopropylatrazine (DIA), and diaminochloroatrazine (DACT). Comparison of available
toxicity information for the degradates of atrazine indicates lesser aquatic toxicity than
the parent for freshwater and estuarine/marine fish, invertebrates, and aquatic plants.
Because the degradates are not of greater toxicological concern than atrazine,
concentrations of the atrazine degradates are not assessed further, and the focus of this
assessment is parent atrazine.

Risk quotients (RQs) are derived as quantitative estimates of potential high-end risk.
Acute and chronic RQs are compared to the Agency’s levels of concern (LOCs) to
identify instances where atrazine use within the action area has the potential to adversely
affect the Barton Springs salamander via direct toxicity to the salamander or indirectly
based on direct effects to their food supply (i.e, freshwater invertebrates) or habitat (i.e.,
aquatic plants). When RQs for a particular type of effect are below LOCs, the potential
for adverse effects to the Barton Spring salamander is expected to be negligible, leading
to a conclusion of “no effect”. Where RQs exceed LOCs, a potential to cause adverse
effects is identified, leading to a preliminary conclusion of “may effect”. Ifa
determination is made that use of atrazine within the action area “may affect” the Barton
Spring salamander, additional information is considered to refine the potential for
exposure and effects, and the best available data are used to distinguish those actions that
“may affect, but are not likely to adversely affect” from those actions that are “likely to
adversely affect” the Barton Springs salamander.

The best available data suggest that atrazine will either have no effect or is not likely to
adversely affect the Barton Springs salamander by direct toxic effects or by indirect
effects resulting from effects to aquatic invertebrates and plants. A summary of the risk
conclusions and effects determination for the Barton Springs salamander is presented in
Table 1.1. Further information on the results of the effects determination is included as
part of the Risk Description in Section 5.2.



Table 1.1. Effects Determination Summary for the Barton Springs Salamander

Assessment Endpoint

Effects Determination

Basis for Determination

Survival, growth, and
reproduction of Barton
Springs salamander
individuals via direct
effects

No effect

No acute and chronic LOCs are exceeded.

Indirect effects to Barton
Springs salamander via
reduction of prey (i.e.,
freshwater invertebrates)

May affect, but not likely
to adversely affect

Acute LOCs are exceeded based on the most sensitive
ecotoxicity value for the midge; however RQs for other dietary
items (amphipods, leeches, snails) are less than LOCs. Based
on the non-selective nature of feeding behavior in the Barton
Springs salamander and low magnitude of anticipated
individual effects to all evaluated prey species, atrazine is not
likely to indirectly affect the Barton Springs salamander via a
reduction in freshwater invertebrate food items. This finding is
based on insignificance of effects (i.e., effects to freshwater
invertebrates are not likely to result in “take” of a single Barton
Springs salamander) and discountability (i.e., the effect to
freshwater invertebrates is extremely unlikely to occur given
the estimated individual event probability of 1 in 45.5 million).

Indirect effects to Barton
Springs salamander via
reduction of habitat and/or
primary productivity (i.e.,
aquatic plants)

May affect, but not likely
to adversely affect

Although atrazine use may directly affect individual vascular
and non-vascular aquatic plants in Barton Springs, its use
within the action area is not likely to adversely affect the
Barton Springs salamander via indirect community-level
effects to aquatic vegetation. Predicted 14-, 30-, 60-, and 90(]
day EECs for all modeled atrazine use scenarios within the
action area are well below the threshold concentrations
representing community-level effects. This finding is based on
insignificance of effects (i.e., community-level effects to
aquatic plants are not likely to result in “take” of a single
Barton Springs salamander).

2. Problem Formulation

Problem formulation provides a strategic framework for the risk assessment. By
identifying the important components of the problem, it focuses the assessment on the
most relevant life history stages, habitat components, chemical properties, exposure
routes, and endpoints. This assessment was completed in accordance with the August 5,
2004 Joint Counterpart Endangered Species Act (ESA) Section 7 Consultation
Regulations specified in 50 CFR Part 402 (USFWS/NMFS, 2004a; FR 69 47732-47762).
The structure of this risk assessment is based on guidance contained in EPA’s Guidance
for Ecological Risk Assessment (U.S. EPA, 1998), the Services’ Endangered Species
Consultation Handbook (USFWS/NMES, 1998) and procedures outlined in the Overview
Document (U.S. EPA, 2004).




2.1 Purpose

This ecological risk assessment is a component of the settlements for Center for
Biological Diversity and Save Our Springs Alliance v. Leavitt, No. 1:04CV00126-CKK
(filed January 26, 2004) and Natural Resources Defense Council, Civ. No: 03-CV-02444
RDB (filed March 28, 2006). The purpose of this ecological risk assessment is to make
an “effects determination,” as directed in Section 7(a) (2) of the ESA, for the Barton
Springs salamander (Eurycea sosorum) by evaluating the potential direct and indirect
effects resulting from use of the herbicide atrazine (6-chloro-N-ethyl-N-isopropyl-1, 3, 5[
triazine-2, 4-diamine) on the survival, growth, and/or reproduction of this Federally
endangered species. The Barton Springs salamander was federally listed as an
endangered species on May 30, 1997 (62 FR 23377-23392) by the U.S. Fish and Wildlife
Service (USFWS or the Service). No critical habitat has been designated for this species.

In this endangered species assessment, direct and indirect effects to the Barton Springs
salamander are evaluated in accordance with the screening-level methodology described
in the Agency’s Overview Document (U.S. EPA, 2004). It should be noted, however,
that the indirect effects analysis in this assessment utilizes more refined data than is
generally available to the Agency. Specifically, a robust set of microcosm and mesocosm
data and aquatic ecosystem models are available for atrazine that allowed EPA to refine
the indirect effects associated with potential aquatic community-level effects (via aquatic
plant community structural change and subsequent habitat modification) to the Barton
Springs salamander. Use of such information is consistent with the guidance provided in
the Overview Document, which specifies that “the assessment process may, on a case-by! |
case basis, incorporate additional methods, models, and lines of evidence that EPA finds
technically appropriate for risk management objectives” (Section V, page 31 of U.S.
EPA, 2004).

As part of the “effects determination”, the Agency will reach one of the following three
conclusions regarding the potential for atrazine to affect the Barton Springs salamander:

e “No effect”;
e “May affect, but not likely to adversely affect”; or
e “Likely to adversely affect”.

If the results of the screening-level assessment show no indirect effects and levels of
concern (LOCs) for the Barton Springs salamander are not exceeded for direct effects, a
“no effect” determination is made, based on atrazine’s use within the action area. If,
however, indirect effects are anticipated and/or exposure exceeds the LOCs for direct
effects, the Agency concludes a preliminary “may affect” determination for the Barton
Springs salamander.

If a determination is made that use of atrazine within the action area “may affect” the
Barton Springs salamander, additional information is considered to refine the potential
for exposure at the predicted levels based on the life history characteristics (i.e., habitat
range, feeding preferences, etc.) of the Barton Springs salamander and potential
community-level effects to aquatic plants. Based on the refined information, the Agency



will use the best available information to distinguish those actions that “may affect, but
are not likely to adversely affect” from those actions that are “likely to adversely affect”
the Barton Springs salamander. This information is presented as part of the Risk
Characterization in Section 5.

2.2 Scope

Atrazine is currently registered as a herbicide in the U.S. to control annual broadleaf and
grass weeds in corn, sorghum, sugarcane, and other crops. In addition to food crops,
atrazine is also used on a variety of non-food crops, forests, residential/industrial uses,
golf course turf, recreational areas, and rights-of-way. It is one of the most widely used
herbicides in North America (U.S. EPA, 2003a).

The end result of the EPA pesticide registration process is an approved product label.
The label is a legal document that stipulates how and where a given pesticide may be
used. Product labels (also known as end-use labels) describe the formulation type,
acceptable methods of application, approved use sites, and any restrictions on how
applications may be conducted. Thus, the use, or potential use, of atrazine in accordance
with the approved product labels is “the action” being assessed.

This ecological risk assessment is for currently registered uses of atrazine in the action
area associated with the Barton Springs salamander. Further discussion of the action area
for the Barton Springs salamander is provided in Section 2.6.

Degradates of atrazine include hydroxyatrazine (HA), deethylatrazine (DEA),
deisopropylatrazine (DIA), and diaminochloroatrazine (DACT). Comparison of available
toxicity information for the degradates of atrazine indicates lesser aquatic toxicity than
the parent for freshwater fish, invertebrates, and aquatic plants. Specifically, the
available degradate toxicity data for HA indicates that it is not toxic to freshwater fish
and invertebrates at the limit of its solubility in water. In addition, available aquatic plant
degradate toxicity data for HA, DEA, DIA, and DACT report non-definitive ECs values
(i.e., 50% effect was not observed at the highest test concentrations) at concentrations
that are 700 to 10,000 times higher than the lowest reported aquatic plant ECs, value for
parent atrazine. Given the lesser toxicity of the degradates, as compared to the parent, the
focus of this assessment is parent atrazine. A detailed summary of the available
ecotoxicity information for all of the atrazine degradates is presented in Appendix A.

23 Previous Assessments

The Agency completed a refined ecological risk assessment for aquatic impacts of
atrazine use in January 2003 (U.S. EPA, 2003a). This assessment was based on
laboratory ecotoxicological data as well as microcosm and mesocosm field studies found
in publicly available literature, a substantial amount of monitoring data for freshwater
streams, lakes, reservoirs, and estuarine areas, and incident reports of adverse effects on
aquatic and terrestrial organisms associated with the use of atrazine. In the refined
assessment, risk is described in terms of the likelihood that concentrations in water bodies
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(i.e., lakes/reservoirs, streams, and estuarine areas) equaled or exceeded concentrations
shown to cause adverse effects to aquatic communities and populations of aquatic
organisms. The results of the refined aquatic ecological assessment indicated that
exposure to atrazine is likely to result in adverse community-level and population-level
effects to aquatic communities at concentrations greater than or equal to 10-20 pg/L on a
recurrent basis or over a prolonged period of time.

During this time, the Agency extensively reviewed a probabilistic ecological risk
assessment submitted by the registrant (Giddings et al., 2000). The Agency’s review of
Syngenta’s probabilistic risk assessment is included in Appendix XVII of the 2003
atrazine IRED. EPA’s refined risk assessment incorporates some of the data submitted
by the registrant in its probabilistic risk assessment.

The results of the Agency’s ecological assessments for atrazine are fully discussed in the
January 31, 2003, Interim Reregistration Eligibility Decision (IRED)'. Because the
Agency had determined that atrazine shares a common mechanism of toxicity with the
structurally-related chlorinated triazines simazine and propazine, a cumulative human
health risk assessment for the triazines was necessary before the Agency could make a
final determination of reregistration eligibility. However, the Agency issued the interim
decision in order to identify risk reduction measures that were necessary to support the
continued use of atrazine. The January 2003 IRED requires extensive drinking water
monitoring in Community Water Systems (CWSs) where atrazine levels have exceeded
or are predicted to have the potential to exceed drinking water levels of concern. In
addition, the need for the following information related to potential ecological risks was
established: 1) an ecological monitoring program of potentially vulnerable water bodies
in corn, sorghum, and sugarcane use areas; and 2) further information on potential
amphibian gonadal developmental responses to atrazine.

EPA issued an addendum on October 31, 2003 that updated the IRED issued on January
31,2003 (U.S. EPA, 2003b). This addendum describes new scientific developments
pertaining to ecological monitoring and mitigation of watersheds and potential effects of
atrazine on endocrine-mediated pathways of amphibian gonadal development.

The January 2003 IRED required atrazine registrants to develop a watershed monitoring
protocol. The resulting protocol identifies 40 indicator watersheds in corn and sorghum
growing areas in which monitoring has been required for a two-year period within each
watershed. The first 20 watersheds were monitored in 2004 and 2005. The second set of
20 watersheds was monitored in 2005, and the second year of sampling for these
watersheds is currently in progress. The goal of the monitoring is to ascertain the extent
to which any of the watersheds have streams with atrazine concentrations that could
cause significant changes in aquatic plant community structure, the most sensitive
endpoint in the aquatic ecosystem. Streams in watersheds exceeding the Agency's levels
of concern will be subject to mitigation consistent with watershed management principles

' The 2003 Interim Reregistration Eligibility Decision for atrazine is available via the
internet at http://www.epa.gov/oppsrrd1/REDs/0001.pdf
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described by the Agency’s Office of Water program requirements
(http://www.epa.gov/owow/tmdl/). These monitoring sites are representative of 1,172
watersheds determined to be among the most vulnerable to atrazine surface water loading
from use on corn and sorghum. Therefore, the results from the 40 watersheds will be
used to determine if further monitoring or remedial efforts are needed in the larger
population of watersheds. EPA has selected an atrazine level of concern (LOC) that is
based on significant aquatic community effects consistent with those described in the
Office of Pesticide Programs (OPP) 2003 ecological risk assessment (U.S. EPA, 2003a
and b) and the Office of Water’s (OW) draft atrazine aquatic life criteria (U.S. EPA,
2003c). Further discussion of the aquatic community-level LOC is provided in Section
4.2 and Appendix B of this assessment. Aqueous atrazine concentrations obtained from
monitoring studies can be interpreted with the LOC to determine if a water body is likely
to be significantly affected.

As discussed in the October 2003 IRED, the Agency also conducted an evaluation of the
submitted studies regarding the potential effects of atrazine on amphibian gonadal
development and presented its assessment in the form of a white paper for external peer
review to a FIFRA Scientific Advisory Panel (SAP) in June 2003%. In the white paper
dated May 29, 2003, the Agency summarized seventeen studies consisting of both open
literature and registrant-submitted laboratory and field studies involving both native and
non-native species of frogs. The Agency concluded that none of the studies fully
accounted for environmental and animal husbandry factors capable of influencing
endpoints that the studies were attempting to measure. The Agency also concluded that
the current lines-of-evidence did not show that atrazine produced consistent effects across
a range of exposure concentrations and amphibian species tested.

Based on this assessment, the Agency concluded and the SAP concurred that there was
sufficient evidence to formulate a hypothesis that atrazine exposure may impact gonadal
development in amphibians, but there were insufficient data to confirm or refute the
hypothesis (http://www.epa.gov/oscpmont/sap/2003/June/junemeetingreport.pdf).
Because of the inconsistency and lack of reproducibility across studies and an absence of
a dose-response relationship in the currently available data, the Agency determined that
the data did not alter the conclusions reached in the January 2003 IRED regarding
uncertainties related to atrazine’s potential effects on amphibians. The SAP supported
EPA in seeking additional data to reduce uncertainties regarding potential risk to
amphibians. Subsequent data collection has followed the multi-tiered process outlined in
the Agency’s white paper to the SAP (U.S. EPA, 2003d). In addition to addressing
uncertainty regarding the potential use of atrazine to cause these effects, these studies are
expected to characterize the nature of any potential dose-response relationship. A data
call-in for the first tier of amphibian studies was issued in 2005 and studies are on-going;
however, as of this writing, results are not available.

? The Agency’s May 2003 White Paper on Potential Developmental Effects of Atrazine on Amphibians is
available via the internet at http://www.epa.gov/oscpmont/sap/2003/june/finaljune2002telconfreport.pdf.
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2.4 Stressor Source and Distribution
2.4.1 Environmental Fate and Transport Assessment

The following fate and transport description for atrazine was summarized based on
information contained in the 2003 IRED (U.S. EPA, 2003a). In general, atrazine is
expected to be mobile and persistent in the environment. The main route of dissipation is
microbial degradation under aerobic conditions. Because of its persistence and mobility,
atrazine is expected to reach surface and ground water. This is confirmed by the
widespread detections of atrazine in surface water and ground water. Atrazine is
persistent in soil, with a half-life (time until 50% of the parent atrazine remains)
exceeding 1 year under some conditions (Armstrong et al., 1967). Atrazine can
contaminate nearby non-target plants, soil and surface water via spray drift during
application. Atrazine is applied directly to target plants during foliar application, but pre(]
plant and pre-emergent applications are generally far more prevalent.

The resistance of atrazine to abiotic hydrolysis (stable at pH 5, 7, and 9) and to direct
aqueous photolysis (stable under sunlight at pH 7), and its only moderate susceptibility to
degradation in soil (aerobic laboratory half-lives of 3-4 months) indicates that atrazine is
unlikely to undergo rapid degradation on foliage. Likewise, a relatively low Henry’s
Law constant (2.6 X 10~ atm-m’/mol) indicates that atrazine will probably not undergo
rapid volatilization from foliage. However, its relatively low octanol/water partition
coefficient (Log Kow =2 .7), and its relatively low soil/water partitioning (Freundlich K4,
values < 3 and often < 1) may somewhat offset the low Henry’s Law constant value,
thereby possibly resulting in some volatilization from foliage. In addition, its relatively
low adsorption characteristics indicate that atrazine may undergo substantial washoff
from foliage. It should also be noted that foliar dissipation rates for numerous pesticides
have generally been somewhat greater than otherwise indicated by their physical
chemical and other fate properties.

In terrestrial field dissipation studies performed in Georgia, California, and Minnesota,
atrazine dissipated with half lives of 13, 58, and 261 days, respectively. The
inconsistency in these reported half-lives could be attributed to the temperature variation
between the studies in which atrazine was seen to be more persistent in colder climate.
Long-term field dissipation studies also indicated that atrazine could persist over a year in
such climatic conditions. A forestry field dissipation study in Oregon (aerial application
of 4 1b ai/A) estimated an 87-day half-life for atrazine on exposed soil, a 13-day half-life
in foliage, and a 66-day half-life on leaf litter.

Atrazine is applied directly to soil during pre-planting and/or pre-emergence applications.
Atrazine is transported indirectly to soil due to incomplete interception during foliar
application, and due to washoff subsequent to foliar application. The available laboratory
and field data are reported above. For aquatic environments, reported half-lives were
much longer. In an anaerobic aquatic study, atrazine overall (total system), water, and
sediment half-lives were given as 608, 578, and 330 days, respectively.
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A number of degradates of atrazine were detected in laboratory and field environmental
fate studies. Deethyl-atrazine (DEA) and deisopropyl-atrazine (DIA) were detected in all
studies, and hydroxy-atrazine (HA) and diaminochloro-atrazine (DACT) were detected in
all but one of the listed studies. Deethylhydoxy-atrazine (DEHA) and
deisopropylhydroxy-atrazine (DIHA) were also detected in one of the aerobic studies.

All of the chloro-triazine and hydroxy-triazine degradates detected in the laboratory
metabolism studies were present at less than the 10% of applied that the Agency uses to
classify degradates as “major degradates” (U.S. EPA, 2004), however, several of these
degradates were detected at percentages greater than 10% in soil and aqueous photolysis
studies. Insufficient data were available to estimate half-lives for these degradates from
the available data. The dealkylated degradates are more mobile than parent atrazine,
while HA is less mobile than atrazine and the dealkylated degradates.

2.4.2 Mechanism of Action

Atrazine inhibits photosynthesis by stopping electron flow in Photosystem II. Triazine
herbicides associate with a protein complex of the photosystem II in chloroplast
photosynthetic membranes (Schulz et al., 1990). The result is an inhibition in the transfer
of electrons that in turn inhibits the formation and release of oxygen.

2.4.3 Use Characterization

An analysis of available usage and land cover information, including extensive
discussions with local experts in the fields of agriculture and soil science, was completed
to determine which atrazine uses are likely to be present in the action area. This
evaluation is intended to place priority on those atrazine use areas likely to be in closest
proximity to the salamander’s habitat. The analysis indicates that of all registered uses
for atrazine, the non-agricultural uses are likely to result in the highest exposures to the
salamander. This is due to the preponderance of potential residential and other non!(]
agricultural use sites (i.e., recreational and rights-of-way) in the immediate vicinity of
Barton Springs, and the fact that very little agricultural crops other than fallow uses for
the Conservation Reserve Program (CRP) are actually grown in the action area. Further
details on the analysis used to make this determination are discussed below and included
in Appendix C.

Critical to the development of appropriate modeling scenarios and to the evaluation of the
appropriate model inputs is an assessment of usage information. The Agency’s
Biological and Economic Analysis Division (BEAD) provided an analysis of both
national and local use information for atrazine (Kaul et al., 2005, Zinn and Jones, 2006,
Kaul, et al., 2006). State level usage data were used to calculate county level usage
because no reliable county level data are available for Texas. State usage data were
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obtained from USDA-NASS® and EPA proprietary data* sources. Data from both sources
were averaged together over the years 2000 to 2004 to calculate average annual usage
statistics by state and crop for atrazine, including pounds of active ingredient applied,
percent of crop treated, number of applications per acre, application rate per acre, and
base acres treated.

Because no reliable county level usage data are available for Texas, average annual
pounds applied and acres treated by county were calculated by apportioning the estimated
state level usage to counties based on the proportion of total state acres grown of each
crop in each county. The most recently available acreage data were obtained from
USDA’s 2002 Census of Agriculture. Estimates of the percent of each crop treated, the
number of applications and the application rate in each county are assumed to be the
same as the state level estimates. Apportioning the usage in this manner may
underestimate or overestimate the actual usage in a particular county.

In this analysis, the Agency gathered information on the agricultural uses of atrazine in
the three counties (Hays, Travis, and Blanco) located within or adjacent to the action area
for atrazine in the context of the Barton Springs salamander. Information was available
on crops for which atrazine is registered, amounts of atrazine used by county, application
rates, methods of application, application timing, and intervals between applications.
Usage information is critical in determining which uses should be modeled, while the
application methods, intervals, and timing are critical model inputs for estimating
atrazine exposure. While the modeling described below relies initially on maximum
label application rates and numbers of applications, the information on typical ranges of
application rates and number of applications is useful for characterization of the modeling
results. In general, for agricultural uses, atrazine is used in limited amounts relative to
national use patterns in Hays, Travis and Blanco counties.

Nationally atrazine has the second largest poundage of any herbicide in the U.S. and is
widely used to control broadleaf and many other weeds, primarily in corn, sorghum and
sugarcane. As a selective herbicide, atrazine is applied pre-emergence and post-
emergence. Figure 2.1 presents the national distribution of atrazine use from data
collected between 1998 and 2004 and used in the cumulative triazine assessment (U.S.
EPA, 2006a; Kaul et al., 2005).

3 United States Depart of Agriculture (USDA), National Agricultural Statistics Service (NASS) Chemical
Use Reports provide summary pesticide usage statistics for select agricultural use sites by chemical, crop

and state. See http://www.usda.gov/nass/pubs/estindx 1.htm#agchem.

* US EPA proprietary usage databases provide estimates of pesticide usage for select agricultural use sties
by chemical, crop and state.
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Figure 2.1 National Extent of Atrazine Use (Ibs)

Locally, county level estimates of atrazine were derived using state level estimates from
USDA-NASS and EPA proprietary data. State level data from 1998 to 2004 were
averaged together and extrapolated down to the county level based on apportioned to
county level crop acreage from the 2002 USDA Agriculture of Census (AgCensus) data.
In general, this information suggests that, in the three county area, approximately 20,000
Ibs of atrazine were used on corn, sorghum, wheat, cotton, and pecans in descending
order of total pounds applied.

Subsequent information based on land cover data (City of Austin, 2003a and b; USGS,
2003) and discussions with local experts (Davis, 2006; Garcia, 2006; Perez, 2006; see
Appendix C for more detail) indicates that most of the agricultural commodities listed
above are actually grown to the east of the action area and thus are not included in this
assessment. The land cover analysis indicates that, of possible agricultural uses for
atrazine, only the fallow/idle land use is likely to be present in the action area. Land
cover data also suggest that many of the currently registered non-agricultural atrazine
uses could not be excluded from the assessment (see Appendix C). However, the non!
agricultural forestry use of atrazine on conifers was not evaluated as part of this
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assessment because forest land cover data from the U.S. Geological Survey and the U.S.
Forest Service indicate that pine plantations are not present within the action area for the
Barton Springs salamander (http://nationalatlas.gov/atlasftp.html). The usage analysis
suggests that atrazine may be used on outdoor ornamental nurseries, although subsequent
information (Shay, 2006, personal communication; DeLong-Amaya, 2006, personal
communication; City of Austin, 2003a and b) suggests these uses are very limited in
nature and are not assessed (see Appendix C for more detail). Based on this analysis, a
suite of scenarios was developed, including a single agricultural scenario (fallow/idle
land) and four non-agricultural scenarios (residential, impervious, rights-of-way, and turf)
using local land cover, soils, and agronomic and climatic data specific to Travis and Hays
counties in Texas.

Application rates, number of applications, and application intervals were also estimated
(Zinn and Jones, 2006) for the three-county area. The minimum and maximum annual
application rates for atrazine were obtained from EPA data sources. Application rates are
provided at the state level for only crops grown in Blanco, Hays, and Travis counties on
which atrazine is registered. The minimum application rate was reported as the minimum
rate range. The 90" percentile application rate was reported as the highest application
rate at which at least 90% of the averaged total area is treated. Therefore, at least 90% of
the area is treated at this rate or less.

The only typical information available for a use site included in this assessment is for
fallow land (Kaul et al., 2006). This was reported as meadow use; however for this
analysis, it is used as a surrogate for atrazine use on fallow land under the CRP.
Application rates are in units of pounds per acre. The minimum reported application
rates for fallow ranged between 0.25 Ibs/acre and 0.5 Ibs per acre. The typical rate was
reported as 0.8 Ibs/acre for fallow, while the 90™ percentile application rate for fallow
was 2 lbs/acre. For fallow uses, the typical number of applications was 1. Information
on typical intervals for fallow was not available. Overall, atrazine is applied as a pre!
plant or pre-emergent herbicide to most sites in this part of Texas in late winter to mid
spring. No information was available for other agricultural crops and no data were
available for non-agricultural uses.

2.5  Assessed Species

A brief introduction to the Barton Springs salamander, including a summary of habitat,
diet, and reproduction data relevant to this endangered species risk assessment is
provided below. Further information on the status and life history of the Barton Springs
salamander is provided in Appendix D.

The Barton Springs salamander, shown in Figure D.1 of Appendix D, is aquatic
throughout its entire life cycle. As members of the Plethodontidae Family (lungless
salamanders), they retain their gills, and become sexually mature and eventually
reproduce in freshwater aquatic ecosystems. The available information indicates that the
Barton Springs salamander is restricted to the immediate vicinity of the four spring
outlets that make up the Barton Springs complex (Figure 2.2), located in Zilker Park near
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downtown Austin, Texas. As such, this species has one of the smallest ranges of any
vertebrate species in North America (Chippindale, 1993). The Barton Springs segment of
the Edwards Aquifer and its contributing zone supply all of the water in the springs that
make up the Barton Springs complex. Flows of clean spring water are essential to
maintaining well-oxygenated water necessary for salamander respiration and survival.

The subterranean component of the Barton Spring salamander’s habitat may provide a
location for reproduction (USFWS, 2005); however, little is known about the
reproductive biology of the Barton Springs salamander in the wild. It appears that
salamanders can reproduce year-round, based on observations of gravid females, eggs,
and larvae throughout the year in Barton Springs (USFWS, 2005).

Based on survey results, Barton Springs salamanders appear to prefer areas near the
spring outflows, with clean, loose substrate for cover, but may also be found in the
aquatic plants, such as moss. In addition to providing cover, moss and other aquatic
plants harbor a variety and abundance of the freshwater invertebrates that salamanders
eat.
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Figure 2.2. Barton Springs Complex (from Hauwert et al., 2005)
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2.6 Action Area

It is recognized that the overall action area for the national registration of atrazine uses is
likely to encompass considerable portions of the United States based on the large array of
both agricultural and non-agricultural uses. However, the scope of this assessment limits
consideration of the overall action area to those portions that may be applicable to the
protection of the Barton Springs salamander as they occur within hydrogeologic
framework of Barton Springs. Deriving the geographical extent of this portion of the
action area is the product of consideration of the types of effects atrazine may be
expected to have on the environment, the exposure levels to atrazine that are associated
with those effects, and the best available information concerning the use of atrazine and
its fate and transport within Barton Springs.

Unlike exposure pathways for most aquatic organisms, where stressors are transported
via surface water to the receptor within a defined watershed, the Barton Springs
salamander resides in a unique environment in which the source of the water, hence the
stressor, reaches the salamander via subsurface flow. Thus, the fate and transport of
atrazine is an important factor in defining the action area for the Barton Springs
salamander. The fate profile (see Section 2.4.1) describes why runoff from treated fields,
transported through the fractured limestone of the Edwards Aquifer, is considered the
principal route of exposure for the salamander. Thus, the action area for this assessment
is defined by those areas within the hydrogeologic “watershed” that drain to the springs.
In this case, the area draining to the springs is defined by the subsurface geologic
framework as opposed to surface hydrology. Figure 2.3 depicts the extent of the action
area based on this hydrogeologic framework. More detail on the definition of the action
area follows.

The Barton Springs salamander is known to inhabit only 4 springs (Main Barton Springs,
Eliza Springs, Old Mill Springs, and Upper Barton Springs; see Figure 2.2), located in the
Barton Springs Segment of the Edwards Aquifer (BSSEA), and associated subterranean
areas in the aquifer itself (USFWS, 2005). Barton Springs, located in Zilker Park near
downtown Austin, Texas is an aquifer-fed system consisting of four hydrologically
connected springs: (1) Main Springs (also known as Parthenia Springs or Barton Springs
Pool); (2) Eliza Springs (also known as the Elks Pit); (3) Old Mill Springs (also known as
Sunken Garden or Walsh Springs); and (4) Upper Barton Springs (Pipkin and Frech,
1993). Collective flow from this group of springs represents the fourth largest spring
system in Texas (Brune, 1981). The springs themselves are fed by the BSSEA, and thus
groundwater input is the primary determinant of water quality for the salamander. Main
Springs supply the water for Barton Springs Pool, and during high groundwater flow
conditions, the surface water flow from Barton Creek may enter the pool if it overtops the
dam at the upper end of the pool. Thus, any pesticide used in the land areas contributing
to the groundwater in the Barton Springs segment of the aquifer or the surface water in
Barton Creek could potentially be transported to these areas.

Flow to the Barton Springs is controlled by the geology and hydrogeology of the BSSEA.
Numerous geological and groundwater studies (Slade et al., 1986, Hauwert et al., 2004)

20



have been conducted that define the extent of the area contributing to the Barton Springs.
The BSSEA represents an approximately 150 square mile portion of the Edwards Aquifer
system in central Texas. Within the BSSEA, both surface water and groundwater flow
are controlled by the subsurface geology principally by the fracture nature of limestone
within portion of the BSSEA. This is particularly relevant for Barton Springs because
surface water flow from Barton Creek into the pool system is diverted via a bypass
channel upstream from the main pool to limit the input of surface water from Barton
Creek. Thus, the dominant source of water to the pool system is via subsurface flow.

Subsurface flow in the BSSEA as it relates to Barton Springs is well defined and includes
the Barton Creek watershed upstream of the springs accounting for potential surface
water inputs into Barton creek. The BSSEA is characterized as a karst system, which
permits relatively rapid transit of groundwater, with velocities along the dominant flow
path of 1-5 miles/day, depending on groundwater flow conditions (USFWS, 2005)
particularly within the fracture portions. Based on dye tracer studies, pesticides applied
within the recharge and contributing zones could potentially be present in the water of the
springs on a time scale of days to weeks (Hauwert et al., 2004).

Four hydrogeologic zones characterize the BSSEA. These are, from west to east, the
Contributing Zone, the Recharge Zone, the Transition Zone, and the Artesian Zone. Of
these zones, the Contributing and Recharge Zones have the greatest and most direct
influence on Barton Springs. There is evidence that the Transition Zone has some limited
input into the Barton Springs, while the Artesian Zone contributes no subsurface flow to
the springs (Slade et al., 1985, Hauwert et al., 2004). A more detailed description of the
geology and hydrogeology of the BSSEA is provided in Section 3.2.2.

In addition, an evaluation of usage information was completed to determine whether any
or all of the area defined by the BSSEA should be included in the action area. Current
labels and local use information were reviewed to determine which atrazine uses could
possibly be present within the defined area. These data suggest that limited agricultural
uses are present within the defined area and that non-agricultural uses cannot be
precluded. Finally, local land cover data (City of Austin, 2003a and b; USGS, 2003) was
analyzed and interviews with the local agricultural sector (Davis, 2006; Garcia, 2006;
Perez, 2006; see Appendix C for more detail) were conducted to refine the
characterization of potential atrazine use in the areas defined by Hays, Travis, and Blanco
counties. The overall conclusion of this analysis was that while certain agricultural uses
could be excluded, and some non-agricultural uses of atrazine were unlikely, no areas
could be excluded from the final action area based on usage and land cover data.

Finally, the environmental fate properties of atrazine were evaluated to determine which
routes of transport are likely to have an impact on Barton Springs. Review of the
environmental fate data as well as physico-chemical properties suggests that transport via
overland and subsurface flow are likely to be dominant routes. Spray drift and/or long-
range atmospheric transport of pesticides could also potentially contribute to
concentrations in the aquatic habitat used by the salamander. Given the physico!!
chemical profile for atrazine and the fact that atrazine has been detected in both air and
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rainfall samples, the potential for long range transport from outside the area defined by
the BSSEA cannot be precluded, but is not expected to approach concentrations predicted
by modeling (see Section 3.2.5). However, because areas where the atmospheric
component of atrazine loading is considered significant are typically high use areas
(Midwest corn belt), and the area surrounding Barton Springs is not a high use atrazine
area, the expected loadings from atmospheric transport of atrazine are not expected to
approach concentrations predicted by modeling (see Section 3.2.5).

Atrazine has been documented to be transported away from the site of application by both
spray drift and volatilization. The Agency typically addresses spray drift as a localized
route of transport off of the application site in exposure assessments. In the case of the
Barton Springs salamander assessment, spray drift is not considered to be a significant
route of exposure because the source area for atrazine reaching the springs is generally
removed from the spring system where the salamander resides, and the atrazine
exposures that reach the springs do so via subsurface flow. Therefore, there is no direct
pathway between the application site and receptor for drift to occur (no applications of
atrazine are reportedly made within the immediate vicinity of the springs). The Agency
does not currently have quantitative models to address the long range transport of
pesticides from application sites. The environmental fate profile of atrazine, coupled
with the available monitoring data, suggest that long range transport of volatilized
atrazine is a possible route of exposure to non-target organisms. The full extent of the
action area could hypothetically be influenced by this route of exposure. However, given
the amount of direct use of atrazine within the immediate area surrounding the species
(Kaul, et al., 2006), the magnitude of documented exposures in rain (Majewski et al.,
2000; Majewski and Capel, 1995; Capel et al., 1994) at or below available surface water
and groundwater monitoring data (as well as modeled estimates for surface water), the
extent of the action area is defined by the transport processes of runoff and subsequent
overland and subsurface flow for the purposes of this assessment.

Based on this analysis, the action area for atrazine as it relates to the Barton Springs

salamander is defined by the contributing, recharge, and transition zones within the
BSSEA. Figure 2.3 presents the action area graphically.
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Figure 2.3. Barton Springs Salamander Action Area
2.7  Assessment Endpoints and Measures of Ecological Effect

Assessment endpoints are defined as “explicit expressions of the actual environmental
value that is to be protected.” Selection of the assessment endpoints is based on valued
entities (i.e., Barton Springs salamanders), the ecosystems potentially at risk (i.e, Barton
Springs), the migration pathways of atrazine (i.e., runoff), and the routes by which
ecological receptors are exposed to atrazine-related contamination (i.e., direct contact).

Assessment endpoints for the Barton Springs salamander include direct toxic effects on
the survival, reproduction, and growth of the salamander itself, as well as indirect effects,
such as reduction of the prey base and/or modification of its habitat. Each assessment
endpoint requires one or more “measures of ecological effect,” which are defined as
changes in the attributes of an assessment endpoint itself or changes in a surrogate entity
or attribute in response to exposure to a pesticide. Specific measures of ecological effect
are evaluated based on acute and chronic toxicity information from registrant-submitted

> From U.S. EPA (1992). Framework for Ecological Risk Assessment. EPA/630/R-92/001.

23



guideline tests that are performed on a limited number of organisms. Given that the
results of the required registrant-submitted amphibian toxicity tests are not available for
this assessment, it is assumed that fish and aquatic-phase amphibian toxicities are similar.
Birds are generally considered as surrogates for terrestrial-phase amphibians; however,
Barton Springs salamanders are neotenic (i.e., retain gills throughout their lives) and are
aquatic-phase amphibians. Therefore, fish are used as a surrogate for
amphibian/salamanders, in accordance with guidance specified in the Agency’s Overview
Document (U.S. EPA, 2004). Additional ecological effects data from the open literature,
including effects data on salamanders and aquatic freshwater microcosm and mesocosm
data were also considered.

Measures of effect from microcosm and mesocosm studies provide an expanded view of
potential indirect effects of atrazine on aquatic organisms, their populations and
communities in the laboratory, in simulated field situations, and in actual field situations.
With respect to the microcosm and mesocosm data, threshold concentrations on aquatic
community effects were determined from complex time variable atrazine exposure
profiles (chemographs) within these experimental studies. Methods were developed to
estimate ecological community responses for any possible atrazine chemograph based on
the relationships in the micro- and mescocosm study results. This information was used
to determine whether a certain exposure profile within a particular use site and/or action
area may have exceeded a level of concern. Ecological modeling with the
Comprehensive Aquatic Systems Model (CASM) (Bartell et al. 2000, Bartell et al. 1999,
and DeAngelis et al., 1989) was used to calibrate the measured atrazine chemographs in
order to estimate direct and indirect effects of atrazine and to project potential changes in
aquatic community structure and function.

A complete discussion of all the toxicity data available for this risk assessment, including
use of the CASM model and associated aquatic community-level threshold
concentrations, and the resulting measures of ecological effect selected for each
taxonomic group of concern are included in Section 4 of this document. A summary of
the assessment endpoints and measures of ecological effect selected to characterize
potential Barton Springs salamander risks associated with exposure to atrazine is
provided in Table 2.1.
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Table 2.1. Summary of Assessment Endpoints and Measures of Ecological Effect

Assessment Endpoint

Measures of Ecological Effect

1. Survival, growth, and reproduction of Barton
Springs salamander individuals via direct effects

la. Rainbow trout acute LCs,

1b. Brook trout chronic NOAEC

Ic. Open literature lab and field NOAEC data for
salamanders

2. Survival, growth, and reproduction of Barton
Springs salamander individuals via indirect effects
on prey (i.e., freshwater invertebrates)

2a. Midge acute ECs

2b. Scud chronic NOAEC

2c. Acute EC/LCs, data for freshwater invertebrates
that are potential food items for the Barton Spring
salamander

3. Survival, growth, and reproduction of Barton
Springs salamander individuals via indirect effects
on habitat and/or primary productivity (i.e., aquatic
plant community)

3a. Vascular plant (duckweed) acute ECs,

3b. Non-vascular plant (freshwater algae) acute
ECs

3c¢. Microcosm/mesocosm threshold concentrations
showing aquatic primary productivity community-
level effects

2.8 Conceptual Model

2.8.1 Risk Hypotheses

Risk hypotheses are specific assumptions about potential adverse effects (i.e., changes in
assessment endpoints) and may be based on theory and logic, empirical data,
mathematical models, or probability models (U.S. EPA, 1998). For this assessment, the
risk is stressor-linked, where the stressor is the release of atrazine to the environment.
Based on the results of the 2003 atrazine IRED (U.S. EPA, 2003a), the following risk
hypotheses are presumed for this endangered species assessment:

° Atrazine in groundwater, surface water, and/or runoff from treated areas may
directly affect Barton Springs salamanders by causing mortality or adversely affecting

growth or fecundity;

J Atrazine in groundwater, surface water, and/or runoff from treated areas may
indirectly affect Barton Springs salamanders by reducing or changing the composition of

prey populations; and

o Atrazine in groundwater, surface water, and/or runoff from treated areas may
indirectly affect Barton Springs salamanders by reducing or changing the composition of
the plant community in the springs, thus affecting primary productivity and/or cover.

2.8.2 Diagram

The conceptual model is a graphic representation of the structure of the risk assessment.
It specifies the stressor, release mechanisms, abiotic receiving media, biological receptor
types, and effects endpoints of potential concern. The conceptual model for the potential
effects of atrazine on the Barton Springs salamander is shown in Figure 2.4. Exposure
routes shown in dashed lines are not quantitatively considered because these exposures
are expected to be sufficiently low as not to cause direct or indirect effects to the Barton

Springs salamander.
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Figure 2.4. Conceptual Model for Barton Springs Salamander

The conceptual model provides an overview of the expected exposure routes for Barton
Springs salamanders within the atrazine action area previously described in Section 2.6.
In addition to freshwater aquatic vertebrates including Barton Springs salamanders, other
aquatic receptors that may be potentially exposed to atrazine include freshwater
invertebrates and aquatic plants. For freshwater vertebrate and invertebrate species, the
major routes of exposure are considered to be via the respiratory surface (gills) or the
integument. Direct uptake and adsorption are the major routes of exposure for aquatic
plants. Direct effects to freshwater invertebrates and aquatic plants resulting from
exposure to atrazine may indirectly affect the Barton Springs salamander via reduction in
food and habitat availability. The available data indicate that atrazine is not likely to
bioconcentrate in aquatic food items, with fish bioconcentration factors (BCFs) ranging
from 2 to 8.5 (U.S. EPA, 2003c). Therefore, bioconcentration of atrazine in salamanders
via the diet was not considered as a significant route of exposure.

Individual Barton Springs salamanders with the greatest potential to experience direct
adverse effects from atrazine use are those that occur in surface water and/or groundwater
with the highest concentrations of atrazine. Water passing into, and through Barton
Springs comes from groundwater in the Barton Springs Segment of the Edwards Aquifer.
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When Barton Creek floods, some of the surface flow enters Barton Springs Pool;
however, during normal flow, the water from Barton Creek enters a bypass channel
upstream from the main pool and does not enter the pool itself.

Based on historical records of pesticide use in Zilker Park and the area surrounding
Barton Springs dating to 1997, atrazine has not been used in this area (personal
communication with Elizabeth McVeety, pesticide applicator at Zilker Park, April 21,
2006). According to the City of Austin Parks and Recreation Department (PARD)
Integrated Pest Management Plan (IPM) (2005), the main concern within the Park is
control of fire ants, and spot treatment of Round-up (glyphosate) is the only herbicide
specified for control of Johnson grass and poison ivy. Although the IPM does not
specifically address atrazine use within Zilker Park, it is currently being revised to
specifically restrict atrazine use within the Park in the future (personal communication
with Elizabeth McVeety, pesticide applicator at Zilker Park, July 24, 2006). Given that
atrazine is not used within the Barton Springs area, it is unlikely that atrazine in runoff
would indirectly affect Barton Springs salamanders by reducing or changing the
composition of riparian zone vegetation and increasing sedimentation of the springs in
the main pool. Increased sedimentation in the main pool is more likely to result from
high groundwater flow conditions, when the surface water flow from Barton Creek
overtops the dam at the upper end of the pool. Therefore, potential indirect effects to
Barton Springs salamanders via reduction or change in the riparian zone vegetation (i.e.,
terrestrial plants) and resulting sedimentation are not considered a significant route of
exposure and are not further addressed in this risk assessment.

The source and mechanism of release of atrazine into surface and groundwater are
ground and aerial application via foliar spray and coated fertilizer granules to agricultural
(i.e., fallow/idle land) and non-agricultural sites (i.e., golf courses, residential lawns,
rights-of-way, etc). Surface water runoff from the areas of atrazine application is
assumed to follow topography, resulting in direct runoff to Barton Creek and/or runoff to
the recharge area of the Barton Springs Segment of the Edwards Aquifer, where it
becomes groundwater that discharges to the surface water of Barton Springs. Additional
release mechanisms include spray drift and atmospheric transport via volatilization,
which may potentially transport site-related contaminants to the surrounding air.
However, spray drift is not considered to be a significant route of exposure because the
source area for atrazine is generally removed from the spring system where the
salamander resides, and the atrazine exposures that reach the springs do so via subsurface
flow. Atmospheric transport is not considered as a significant route of exposure for this
assessment because the magnitude of documented exposures in rainfall are at or below
available surface water and monitoring data, as well as modeled estimates of exposure
(Majewski et al., 2000; Majewski and Capel, 1995; Capel et al., 1994).
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4.3 Use of Probit Slope Response Relationship to Provide Information on the
Endangered Species Levels of Concern

The Agency uses the probit dose response relationship as a tool for providing additional
information on the potential for acute direct effects to individual listed species and
aquatic animals that may indirectly affect the listed species of concern (U.S. EPA, 2004).
As part of the risk characterization, an interpretation of acute RQ for listed species is
discussed. This interpretation is presented in terms of the chance of an individual event
(i.e., mortality or immobilization) should exposure at the EEC actually occur for a species
with sensitivity to atrazine on par with the acute toxicity endpoint selected for RQ
calculation. To accomplish this interpretation, the Agency uses the slope of the dose
response relationship available from the toxicity study used to establish the acute toxicity
measures of effect for each taxonomic group that is relevant to this assessment (i.e.,
freshwater fish used as a surrogate for aquatic-phase amphibians and freshwater
invertebrates). The individual effects probability associated with the acute RQ is based
on the mean estimate of the slope and an assumption of a probit dose response
relationship. In addition to a single effects probability estimate based on the mean, upper
and lower estimates of the effects probability are also provided to account for variance in
the slope, if available. The upper and lower bounds of the effects probability are based
on available information on the 95% confidence interval of the slope. A statement
regarding the confidence in the estimated event probabilities is also included. Studies
with good probit fit characteristics (i.e., statistically appropriate for the data set) are
associated with a high degree of confidence. Conversely, a low degree of confidence is
associated with data from studies that do not statistically support a probit dose response
relationship. In addition, confidence in the data set may be reduced by high variance in
the slope (i.e., large 95% confidence intervals), despite good probit fit characteristics.

Individual effect probabilities are calculated based on an Excel spreadsheet tool IECV1.1
(Individual Effect Chance Model Version 1.1) developed by the U.S. EPA, OPP,
Environmental Fate and Effects Division (June 22, 2004). The model allows for such
calculations by entering the mean slope estimate (and the 95% confidence bounds of that
estimate) as the slope parameter for the spreadsheet. In addition, the acute RQ is entered
as the desired threshold.

4.4 Incident Database Review

A number of incidents have been reported in which atrazine has been associated with
some type of environmental effect, with variable levels of certainty that atrazine caused
the effects, ranging from unlikely to highly probable. As of the writing of the 2003 IRED
(U.S. EPA, 2003a), 109 incidents were listed in the Ecological Incident Information
System (EIIS) files under atrazine: 4 cases were listed as highly probable, 40 as probable,
50 as possible, 13 as unlikely, and 2 as unrelated. Atrazine alone is not very toxic to the
birds, mammals, and aquatic animals cited in most of these incidents. In none of these
cases has evidence been provided that firmly demonstrates that atrazine has produced the
reported effects. Atrazine residues in fish tissue were measured in only one incident
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reported as a fish kill (# 1004021-004); however, many chemicals were identified and
high profenofos levels were found. Therefore, the organophosphate was determined to be
responsible for the large fish kill. In many cases, the inference of these reported incidents
to atrazine is likely due to the widespread use of atrazine and the proximity of the
atrazine application and timing to the occurrence of the incident.

Between October 26, 2000 and June 9, 2006, 8 incidents were listed in the EIIS involving
the use of atrazine: 6 cases are listed as possible and 2 are listed as unlikely. The effects
of these incidents ranged from major fish kills to minor burning of garden plants adjacent
to a field treated with atrazine. Of these incidents, 5 were caused by drift, 1 by runoff
and 2 because of misuse.

Of the 6 cases that were listed as “Possible,” all were terrestrial and, therefore, not
relevant to this assessment. In the two cases listed as “Unlikely,” one resulted in the
death of 50-60 bass, 2,000 crappie and 300-400 bluegills (IN: #1013987-001). Three
chemicals, including terbufos, atrazine and acetochlor, were used in a product suspected
to be present in the runoff. Tests were conducted in the two affected ponds and terbufos
was the only chemical listed as being detected in both. It is not clear if atrazine and
acetochlor were measured in the pond water analysis. However, it is likely that terbufos
was responsible for the fish kill because it has a greater lethality to fish than atrazine and
acetochlor.

One of the two reported “misuse” incidents caused substantial damage to aquatic animals
(TN: #1016990-001) resulting in the death of 2,000 bluegill sunfish, 400 catfish, and a
snake. This incident was credited to the dumping of 4 to 5 gallons of a product suspected
of containing atrazine into a one half acre pond.

Based on the available incident information, supporting data is not available to clearly
demonstrate that atrazine is the cause of the observed aquatic effects (i.e., death to fish).
In addition, the best available toxicity information shows that atrazine is not directly toxic
to freshwater fish (and aquatic-phase amphibians) at environmentally relevant
concentrations (see Sections 4.1.1 and 4.1.2). Further information on the atrazine
incidents reported in the 2003 IRED (U.S. EPA, 2003a) and a summary of uncertainties
associated with all reported incidents are provided in Appendix F.

5. Risk Characterization

Risk characterization is the integration of the exposure and effects characterizations to
determine the potential ecological risk from varying atrazine use scenarios within the
action area and likelihood of direct and indirect effects on the Barton Springs salamander.
The risk characterization provides an estimation and a description of the likelihood of
adverse effects; articulates risk assessment assumptions, limitations, and uncertainties;
and synthesizes an overall conclusion regarding the effects determination (i.e., “no
effect,” “likely to adversely affect,” or “may affect, but not likely to adversely affect”) for
the Barton Springs salamander.
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5.1 Risk Estimation

Risk was estimated by calculating the ratio of the estimated environmental concentrations
(EECs; see Table 3.5) and the appropriate toxicity endpoint (see Table 4.1). This ratio is
the risk quotient (RQ), which is then compared to pre-established acute and chronic
levels of concern (LOCs) for each category evaluated (Appendix G). Screening-level
RQs are based on the most sensitive endpoints and modeled surface water concentrations
from the following scenarios for atrazine:

¢ residential granular use @ 2 lb ai/A; 2 applications with 30 days between
applications (assumes 1% over-application of atrazine granules to impervious
surfaces)

e residential liquid use @ 1 lb ai/A; 2 applications with 30 days between
applications (assumes 1% over-spray of atrazine to impervious surfaces)

e turf granular use @ 2 1b ai/A; 2 applications with 30 days between applications

e turfliquid use @ 1 1b ai/A; 2 applications with 30 days between applications

o rights-of-way liquid use @ 1 Ib ai/A; 1 application (assumes 1% over-spray of
atrazine to impervious surfaces)

e fallow/idle land use @ 2.25 1b ai/A; 1 application

In cases where the screening-level RQ exceeds one or more LOCs, additional factors,
including Barton Springs salamander life history characteristics, refinement of the EECs
using available monitoring data, and consideration of community-level threshold
concentrations, are considered and used to characterize the potential for atrazine to affect
the Barton Springs salamander. Risk estimations of direct and indirect effects of atrazine
to the Barton Springs salamander are provided in Sections 5.1.1 and 5.1.2, respectively.

As previously discussed in the effects assessment, the toxicity of the atrazine degradates,
including HA, DEA, DIA, and DACT, is assumed to be less than the parent compound;
therefore, RQ values were not derived for the degradates.

5.1.1 Direct Effects

Direct effects associated with acute and chronic exposure to atrazine in Barton Springs
are not expected to occur for the Barton Springs salamander. Risk quotients used to
estimate direct effects to the Barton Springs salamander are provided in Table 5.1 below.
Risk quotients were calculated only for the use that resulted in the highest EEC (granular
residential use) because none of the acute or chronic LOCs were exceeded. These risk
quotients are further characterized in Section 5.2.1.
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Table 5.1. Summary of Direct Effect RQs for the Barton Springs Salamander

Effect to Surrogate Toxicity EEC (png/L) RQ Probability of LOC
Barton Species Value (pg/L) Individual Exceedance
Springs Effect and Risk
Salamander Interpretation
Acute Direct Rainbow LCso=5,300 Peak: 41.2 0.008 1 in 1.7E+08 No®
Toxicity trout (1in 1,870 to 1

in 5.82E+15)°
Chronic Direct | Brook trout | NOAEC =65 | 60-day: 1.2 | 0.018 Not calculated No®
Toxicity for chronic

endpoints

? Based on a probit slope of 2.72 with 95% confidence intervals of 1.56 and 3.89 (MRID# 000247-16).
> RQ < acute endangered species LOC of 0.05.

5.1.2 Indirect Effects

Pesticides have the potential to exert indirect effects upon listed species by inducing
changes in structural or functional characteristics of affected communities. Perturbation
of forage or prey availability and alteration of the extent and nature of habitat are
examples of indirect effects.

In conducting a screen for indirect effects, direct effects LOCs for each taxonomic group
(i.e., freshwater fish, invertebrates, and aquatic plants) are employed to make inferences
concerning the potential for indirect effects upon listed species that rely upon non-listed
organisms in these taxonomic groups as resources critical to their life cycle (U.S. EPA,
2004). This approach used to evaluate indirect effects to listed species is endorsed by the
Services (USFWS/NMFS, 2004b). If no direct effect listed species LOCs are exceeded
for non-endangered organisms that are critical to the Barton Springs salamander’s life
cycle, the concern for indirect effects to the Barton Springs salamander is expected to be
minimal.

If LOCs are exceeded for freshwater invertebrates that are prey items of the Barton
Springs salamander, there is a potential for atrazine to indirectly affect the salamander by
reducing available food supply. In such cases, the dose response relationship from the
toxicity study used for calculating the RQ of the surrogate prey item is analyzed to
estimate the probability of acute effects associated with an exposure equivalent to the
EEC. The greater the probability that exposures will produce effects on a taxa, the
greater the concern for potential indirect effects for listed species dependant upon that
taxa (U.S. EPA, 2004).

As an herbicide, indirect effects to the Barton Springs salamander from potential effects
on primary productivity of aquatic plants are a principle concern. If plant RQs fall
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between the listed species and non-listed species LOCs, a no effect determination for
listed species that rely on multiple plant species to successfully complete their life cycle
(termed plant-dependent species) is concluded. If plant RQs are above non-listed species
LOC:s, this could be indicative of a potential for adverse effects to those listed species
that rely either on a specific plant species (plant species obligate) or multiple plant
species (plant-dependent) for some important aspect of their life cycle (U.S. EPA, 2004).
Based on the information provided in Appendix D, the Barton Springs salamander relies
on multiple plant species, including aquatic moss, pondweed, arrowhead, water primrose,
cabomba, and other aquatic plants for cover and as a source of habitat and food for the
variety and abundance of aquatic invertebrates that salamanders eat.

In summary, the potential for indirect effects to the Barton Springs salamander was
evaluated using methods outlined in U.S. EPA (2004) and described below in Sections
5.1.2.1 and 5.1.2.2, respectively.

5.1.2.1 Evaluation of Potential Indirect Effects via Reduction in Food Items
(Freshwater Invertebrates

Potential indirect effects from direct effects on animal food items (i.e., freshwater
invertebrates) were evaluated by considering the diet of the Barton Springs salamander
and the distribution of the sensitivities of the prey organisms to atrazine. Barton Springs
salamanders feed on a wide range of freshwater aquatic invertebrates including ostracods,
copepods, chironomids, snails, amphipods, mayfly larvae, leeches, and adult riffle
beetles. The most prevalent invertebrates found in stomach and fecal samples from a
limited number of adult and juvenile Barton Springs salamanders were ostracods,
amphipods, and chironomids (USFWS, 2005). However, data on the relative percentage
of each type of aquatic invertebrate in the salamander’s diet are not available. The RQs
used to characterize potential indirect effects to the Barton Springs salamander from
direct acute and chronic effects on freshwater invertebrate food sources are provided in
Tables 5.2 and 5.3, respectively. Acute and chronic RQs are based on the most sensitive
toxicity endpoint for the midge (ECsyo = 720 ug/L) and the scud (NOAEC = 60 pg/L),
respectively.
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Table 5.2. Summary of RQs Used to Estimate Indirect Effects to the Barton Springs
Salamander via Direct Acute Effects on Dietary Items

Indirect Effect
to Barton
Springs
Salamander

Surrogate

Food Item

/ Toxicity
Value
(ng/L)

Use (appl.
method; rate; #
appl.; interval
between appl.)

Peak
EECs

(ng/L)

RQ

Probability of
Individual
Effect®

LOC
Exceedance
and Risk
Interpretation

Reduced Food
Supply via
Acute Direct
Toxicity to
Invertebrates

Midge
EC50 =720

Residential
(granular; 2 1b
ai/A; 2 appl.; 30 d
interval)

41.2

0.057

1 in 4.55E+07

Yes®

Residential

26.6

0.037

1 in 6.72E+09

(ground liquid; 1
1b ai/A; 2 appl.;
30 d interval)

Turf (granular; 2 224 0.031 1 in 6.29E+10 No°

Ib ai/A; 2 appl.;
30 d interval)

Turf (ground 16.2 1 in 3.53E+12 No°
liquid; 1 1b ai/A;
2 appl.; 30 d

interval)

0.023

Fallow/Idle land 7.5 1 in 1.46E+18 No°
(aerial liquid;
2.251bai/A; 1

appl.)

0.010

Rights-of-Way 6.2 1 in 8.97E+18 No*
(liquid; 1 Ib ai/A;

1 appl.)

0.009

? Slope information on the toxicity study that was used to derive the RQ for freshwater invertebrates is not
available. Therefore, the probability of an individual effect was calculated using a probit slope of 4.4,
which is the only technical grade atrazine value, reported in the available freshwater invertebrates studies
that may serve as food items for the salamander; 95% confidence intervals could not be calculated based on
the available data (Table A-18; Taylor et al., 1991; MRID# 452029-17).

® RQ > acute listed species LOC of 0.05. Further evaluation of the range of freshwater invertebrate species
sensitivity to atrazine and dietary requirements of the Barton Springs salamander is completed in Section
522,

“RQ < acute listed species LOC of 0.05.

For freshwater invertebrates, acute RQs exceed the acute risk to the listed species LOC of
0.05 for the residential granular use (2 Ib ai/A) only. Acute RQs for the other modeled
atrazine uses are less than the listed species LOC. Because the listed species LOC is
exceeded for the residential granular use, atrazine use related to residential granular
applications has the potential to indirectly affect the Barton Springs salamander via
reduction in the availability of sensitive aquatic invertebrate food items. However, this
analysis was based on the most sensitive aquatic invertebrate endpoint of freshwater
species tested in laboratory studies and did not consider the range of aquatic invertebrate
species sensitivity to atrazine or the specific dietary requirements of the Barton Springs
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salamander. Therefore, additional characterization of the potential for atrazine to affect
freshwater invertebrate food items of the Barton Springs salamander is presented as part
of the Risk Description in Section 5.2.2.

Table 5.3. Summary of RQ and LOC Used to Estimate Indirect Effects to the
Barton Springs Salamander via Direct Chronic Effects on Dietary Items

Indirect Effect | Surrogate Use (appl. 21-day RQ LOC Exceedance and Risk
to Barton Food Item method; rate; # EECs Interpretation
Springs / Toxicity appl.; interval (pg/L)
Salamander Value between appl.)
(pg/L)
Reduced Food Scud Residential 2.5 0.04 No*
Supply via NOAEC = (granular; 2 1b
Chronic Direct 60 ai/A; 2 appl.; 30 d
Toxicity to interval)
Invertebrates

?RQ < chronic risk LOC of 1.0.

As shown in Table 5.3, the chronic LOC is not exceeded for freshwater invertebrates,
based on the use that results in the highest EECs (granular residential use). Therefore,
indirect effects to the Barton Springs salamander based on direct chronic effects to
dietary items are not expected to occur.

5.1.2.2 Evaluation of Potential Indirect Effects via Reduction in Habitat
and/or Primary Productivity (Freshwater Aquatic Plants)

Potential indirect effects from effects on habitat and/or primary productivity were
assessed using RQs from freshwater aquatic vascular and non-vascular plant data as a
screen. If aquatic plant RQs exceed the Agency’s non-listed species LOC (because the
salamander relies on multiple plant species), potential community level effects are
evaluated using the threshold concentrations, as described in Section 4.2. Risk quotients
used to estimate potential indirect effects to the Barton Springs salamander from effects
on aquatic plants primary productivity are summarized in Table 5.4.

84




Table 5.4. Summary of RQs Used to Estimate Indirect Effects to the Barton Springs
Salamander via Direct Effects on Aquatic Plants

Indirect Effect Use (appl. method; Peak EECs Non-vascular Vascular LOC Exceedance
to Barton rate; # appl.; interval (pg/L) plant RQ plant RQ and Risk
Springs between appl.) (EC5=1 (EC50 =37 Interpretation
Salamander ng/L?) ng/L")
Reduced Residential (granular; 2 41.2 41.2 1.11 Yes®
Habitat and/or Ib ai/A; 2 appl.; 30 d
Primary interval)
Productivity via |  Residential (ground 26.6 26.6 0.72 Yes?
Direct Toxicity liquid; 1 1b ai/A; 2
to Aquatic appl.; 30 d interval)
Plants Turf (granular; 2 Ib 224 224 0.61 Yes®
ai/A; 2 appl.; 30 d
interval)
Turf (ground liquid; 1 16.2 16.2 0.44 Yes*
Ib ai/A; 2 appl.; 30 d
interval)
Fallow/Idle land (aerial 7.5 7.5 0.20 Yes*
liquid; 2.25 1b ai/A; 1
appl.)
Rights-of-Way 6.2 6.2 0.17 Yes*
(liquid; 1 1b ai/A; 1
appl.)

*Based on 1-week ECsg value of 1 pg/L for four species of freshwater algae (MRID # 000235-44).

" Based on 14-day ECs, value of 37 ug/L for duckweed (MRID # 430748-08).

¢ RQ > non-listed species LOC of 1.0 for both non-vascular and vascular plants. Direct effects to non[
vascular and vascular aquatic plants are possible. Further evaluation of the EECs relative to the threshold
concentrations (for community-level effects) is necessary.

4 RQ > non-listed aquatic plant species LOC of 1.0 for non-vascular plants; RQ < non-listed plant species
LOC of 1.0 for vascular plant. Direct effects to non-vascular aquatic plants are possible. Further
evaluation of the EECs relative to the threshold concentrations (for community-level effects) is necessary.

Based on the results shown in Table 5.4, LOCs (RQ > 1.0) for direct effects to aquatic
non-vascular plants are exceeded for all modeled atrazine use scenarios; LOCs for direct
effects to aquatic vascular plants are exceeded only for the residential granular use
scenario. Therefore, atrazine has the potential to indirectly affect the Barton Springs
salamander via direct effects on both non-vascular and vascular aquatic plants for the
residential granular scenario, and via direct effects on non-vascular aquatic plants for all
modeled use scenarios. However, this screening-level analysis was based on the most
sensitive ECsg value from all of the available freshwater aquatic plant toxicity
information. No known obligate relationship exists between the Barton Springs
salamander and any single freshwater plant species; therefore, listed species RQs using
the NOAEC/ECs values for aquatic plants were not derived. Further analysis of the
time-weighted EECs relative to their respective threshold concentrations is necessary to
determine whether effects to individual plant species would likely result in community-
level effects. This analysis is presented as part of the Risk Description in Section 5.2.3.
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5.2 Risk Description

The risk description synthesizes an overall conclusion regarding the likelihood of adverse
impacts leading to an effects determination (i.e., “no effect,” “may affect, but not likely
to adversely affect,” or “likely to adversely affect”) for the Barton Springs salamander.

If the RQs presented in the Risk Estimation (Section 5.1) show no indirect effects and
LOC:s for the Barton Springs salamander are not exceeded for direct effects, a “no
effect” determination is made, based on atrazine’s use within the action area. If,
however, indirect effects are anticipated and/or exposure exceeds the LOCs for direct
effects, the Agency concludes a preliminary “may affect” determination for the Barton
Springs salamander.

Following a “may affect” determination, additional information is considered to refine
the potential for exposure at the predicted levels based on the life history characteristics
(i.e., habitat range, feeding preferences, etc) of the Barton Spring salamander and
potential community-level effects to aquatic plants. Based on the best available
information, the Agency uses the refined evaluation to distinguish those actions that
“may affect, but are not likely to adversely affect” from those actions that are “likely to
adversely affect” the Barton Springs salamander.

The criteria used to make determinations that the effects of an action are “not likely to
adversely affect” the Barton Springs salamander include the following:

e Significance of Effect: Insignificant effects are those that cannot be
meaningfully measured, detected, or evaluated in the context of a level of
effect where “take” occurs for even a single individual. “Take” in this
context means to harass or harm, defined as the following:

= Harm includes significant habitat modification or
degradation that results in death or injury to listed species
by significantly impairing behavioral patterns such as
breeding, feeding, or sheltering.

= Harass is defined as actions that create the likelihood of
injury to listed species to such an extent as to significantly
disrupt normal behavior patterns which include, but are not
limited to, breeding, feeding, or sheltering.

e Likelihood of the Effect Occurring: Discountable effects are those that are
extremely unlikely to occur. For example, use of dose-response
information to estimate the likelihood of effects can inform the evaluation
of some discountable effects.

e Adverse Nature of Effect: Effects that are wholly beneficial without any
adverse effects are not considered adverse.
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A description of the risk and effects determination for each of the established assessment
endpoints for the Barton Springs salamander is provided in Sections 5.2.1 through 5.2.3.

5.2.1 Direct Effects to the Barton Springs Salamander

Respective acute and chronic RQs of 0.008 and 0.018 (based on the modeled EECs from
the residential granular scenario assuming 1% overspray and 30% impervious surfaces)
are well below the Agency’s acute and chronic risk LOCs for all modeled uses of atrazine
within the action area. Using an upper bound assumption of residential granular use
EECs, based on 10% overspray and 10% impervious surfaces (peak EEC = 67.1 pg/L and
60-day EEC = 2.0 pg/L; see Table 3.9), also results in respective acute and chronic RQs
0f 0.013 and 0.03 that are less than the Agency’s LOCs. As previously discussed, direct
effects to the Barton Springs salamander were based on freshwater fish data, which are
used as a surrogate for aquatic-phase amphibians.

The probability of an individual event to the Barton Springs salamander was calculated
for the acute RQ of 0.008, based on the dose response curve slope from the acute toxicity
study for the rainbow trout of 2.72 (MRID # 000247-16). The corresponding estimated
chance of an individual acute mortality to the Barton Springs salamander at an RQ level
of 0.008 (based on the acute toxic endpoint for surrogate freshwater fish) is 1 in 170
million. It is recognized that extrapolation of very low probability events is associated
with considerable uncertainty in the resulting estimates. In order to explore the possible
bounds to such estimates, the upper and lower default values for the rainbow trout dose
response curve slope estimate (95% C.I.: 1.56 to 3.89) were used to calculate upper and
lower estimates of the effects probability associated with the acute RQ. The respective
lower and upper effects probability estimates are 1 in 1,870 (0.05%) and 1 in 5.82E+15
(~1.7E-14%). Given the low probability of an individual mortality occurrence and acute
and chronic RQs that are well below LOC:s, atrazine is not likely to cause direct adverse
effects to the Barton Springs salamander.

Further lines-of-evidence that atrazine is unlikely to cause direct adverse effects to the
Barton Springs salamander are provided by the information in the open literature. As
previously discussed, the Agency has concluded that there is currently insufficient
evidence to confirm or refute the hypothesis that atrazine exposure may impact gonadal
development in amphibians (U.S. EPA, 2003d). Further examination of the available
open literature data for aquatic-phase amphibians (discussed in Section 4.1.2) shows that
exposure to atrazine does not cause direct acute and/or chronic mortality at
environmentally relevant concentrations similar to the upper bounds of the modeled
EECs. Reported sublethal effects to aquatic-phase amphibians show reduced weight and
length at metamorphosis for frogs and salamanders at atrazine exposure concentrations of
approximately 200 and accelerated metamorphosis in salamanders at concentrations of
approximately 184 pg/L; however, no effects to growth or time to metamorphosis have
been reported at concentrations of < 68 pg/L, similar to the upper bound of modeled
EEC:s for atrazine uses within the action area. Therefore, direct effects to the survival,
growth, and reproduction of Barton Springs salamanders are unlikely to occur.
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As discussed in Section 4.1.1.3, several open literature studies raise concern about
sublethal effects of atrazine on endocrine-mediated functions in freshwater fish, which
are used as a surrogate for aquatic-phase amphibians. However, the significance of these
effects is difficult to quantify because they are not quantitatively linked to changes in
survival, growth, and reproduction of individuals (i.e., the assessment endpoints for the
Barton Springs salamander). In addition, differences in habitat and behavior of the tested
species compared with the Barton Springs salamander suggest that the results may not be
relevant to this assessment. Furthermore, there is uncertainty associated with
extrapolating effects observed in the laboratory to more variable exposures and
conditions in the field. Further details on potential atrazine-related sublethal effects to
fish are provided in Appendix A.

A review of the available aquatic incidents shows that only two incidents involving fish
kills have been reported from 2000 through 2006. One of the two incidents was reported
as “unlikely” (#10139876-001) and the other was reported as a “misuse” (#1013550-003).
Based on all reported aquatic incidents for atrazine, none were reported in Texas and
none of the incidents reported effects to aquatic-phase amphibians. Further information
on all of the reported aquatic incidents for atrazine is provided in Section 4.4 and
Appendix F. Uncertainties related to the use of incident information from the Ecological
Incident Information System (EIIS) are also discussed in Appendix F.

In summary, the Agency concludes a “no effect” determination for direct effects to the
Barton Springs salamander, via mortality, growth, or fecundity, based on all available
lines of evidence.

5.2.2 Indirect Effects via Reduction in Food Items (Freshwater Invertebrates)

The results of the screening-level risk assessment for the Barton Springs salamander
suggest the potential for direct acute adverse effects to freshwater invertebrates, based on
the residential granular use of atrazine at 2 1b ai/A (assuming 1% overspray and 30%
impervious surfaces). The acute RQ of 0.057 exceeds the listed species of 0.05;
therefore, atrazine use related to residential granular applications has the potential to
indirectly affect the Barton Springs salamander via reduction in the availability of
sensitive aquatic invertebrate food items.

However, this analysis was based on the lowest LCsg value of 720 pg/L for the midge
(Chironomus spp.). Consideration of all acute toxicity data for the midge shows a wide
range of sensitivity within and between species of the same genus (2 orders of
magnitude) with values ranging from 720 to >33,000 ug/L. Although the midge is a
component of the Barton Spring salamander’s diet, this species reportedly consumes a
wide range of freshwater invertebrates that also include ostracods, copepods, snails,
amphipods, mayfly larvae, leeches, and adult riffle beetles. Available acute toxicity
values for other freshwater invertebrates that are included in the Barton Spring
salamander’s diet (i.e., amphipods, leeches, and snails) are 5,700 ng/L and higher.
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The potential for atrazine to elicit indirect effects to Barton Springs salamanders via
effects on food items is dependent on several factors including: (1) the potential
magnitude of effect on freshwater invertebrate individuals and populations; and (2) the
number of prey species potentially affected relative to the expected number of species
needed to maintain the dietary needs of the Barton Springs salamander. Together, these
data provide a basis to evaluate whether the number of individuals within a prey species
is likely to be reduced such that it may indirectly affect the Barton Springs salamander.
Table 5.5 presents acute RQs and the probability of individual effects for dietary items of
the Barton Springs salamander including midges, amphipods, leeches, and snails. The
species sensitivity distribution of all acute toxicity data for freshwater aquatic
invertebrates tested is represented in Figure 4.1. This analysis considers only acute risk
to aquatic invertebrate food items as chronic risk quotients for invertebrates were less
than the Agency’s LOC. Even at the upper bound of EECs (21-day EEC of 4.2 ng/L
from Table 3.9) based on assumptions of 10% overspray and 10% impervious surfaces
for the residential granular use scenario), the chronic RQ of 0.07 is well below the LOC.

Table 5.5. Summary of RQs Used to Assess Potential Risk to Freshwater
Invertebrate Food Items of the Barton Springs Salamander

Acute

Barton Springs Toxicity | RQRange | o, o bility of
Salamander Food (based on . . . .
. Value Range Individual Risk Interpretation
Item Species an EEC of
(ng/L) (No. of 40 pg/L) Effect*
Studies) Mg
Atrazine may affect sensitive food
items, such as the midge; however
. 720 - 33,000 <0.01 [ Upto 1 in the low probablllty pf an 1pd1v1dual
Midge 5) 0.057 4 55E+07 effect to the midge is not likely to
' ’ indirectly affect the Barton Springs
salamander via reduction in midge
prey items.
Amphipod 5,700 — 14,900 Based on low probability of
phip 3) individual effects and RQs that are
Leech >16,000 (1) <lin well below acute LOCs, atrazine is
<0.01 1 46F+18 not likely to indirectly affect the
Snail >16.000 (1) Barton Springs salamander via

reduction in amphipod, leech, or
snail prey items.

*The probability of an individual effect was calculated using a probit slope of 4.4, which is the only
technical grade atrazine value, reported in the available freshwater invertebrates studies that may serve as
food items for the salamander; 95% confidence intervals could not be calculated based on the available data

(Table A-18).

As shown in Table 5.5, the listed species LOC is exceeded for the midge (RQ = 0.057),
based on the LCs, value of 720 pg/L. However, acute RQs based on the other acute
toxicity data for the midge are <0.04, less than the acute risk to endangered species LOC.
Sufficient dose-response information was not available to allow for an estimation of the
probability of an individual effect on the midge. Therefore, the probability of an
individual effect was calculated using a probit dose response curve slope of 4.4; this is
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the only slope for technical grade atrazine reported in available ecotoxicity data for
freshwater invertebrates that are a component of the Barton Springs salamander’s diet
(amphipod; MRID # 452029-17). Based on a probit slope of 4.4, the probability of an
individual mortality to the midge at an RQ of 0.057 is approximately 1 in 45.5 million
(2.2E-08%).

Acute LOCs are not exceeded for the other dietary items of the Barton Springs
salamander including the amphipod, leech or snail, based on the residential granular use
EEC (assuming 1% overspray and 30% impervious surfaces). In addition, acute RQs
based on the upper bound residential granular peak EEC of 67.1 pug/L (assuming 10%
overspray and 10% impervious surfaces) are also less than acute LOCs for these food
items in the salamander’s diet.

Based on the non-selective nature of feeding behavior in the Barton Springs salamander
and low magnitude of anticipated individual effects to all evaluated prey species, atrazine
is not likely to indirectly affect the Barton Springs salamander via a reduction in
freshwater invertebrate food items. This finding is based on insignificance of effects
(i.e., effects to freshwater invertebrates are not likely to result in “take” of a single Barton
Springs salamander) and discountability (i.e., the effect to freshwater invertebrates is
extremely unlikely to occur given the estimated individual event probability of 1 in 45.5
million). Therefore, the effects determination for the assessment endpoint of indirect
effects on the Barton Springs salamander via direct effects on prey (i.e., freshwater
invertebrates) is “may affect, but not likely to adversely affect.”

5.2.3 Indirect Effects via Reduction in Habitat and/or Primary Productivity
(Freshwater Aquatic Plants)

Direct adverse effects to non-vascular aquatic plants are possible, based on all modeled
atrazine uses within the action area. In addition, direct effects to vascular plants are
possible, based on the residential granular use of atrazine. Based on these direct effects,
atrazine may indirectly affect the Barton Springs salamander via direct effects on aquatic
plants. Therefore, the time-weighted EECs (for 14-day, 30-day, 60-day, and 90-day
averages) were compared to their respective time-weighted threshold concentrations to
determine whether potential effects to individual plant species would likely result in
community level effects. As discussed in Section 4.2, concentrations of atrazine from the
exposure profile at a particular use site and/or action area that exceed any of the
following time-weighted threshold concentrations indicate that changes in the aquatic
plant community structure could be affected:

e 14-day average = 38 pg/L
e 30-day average =27 pg/L
e 60-day average = 18 pg/L
e 90-day average = 12 pg/L
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A comparison of the 14-, 30-, 60-, and 90-day EECs for the Barton Springs salamander
with the atrazine threshold concentrations representing potential aquatic community-level
effects is provided in Table 5.6.

Table 5.6. Summary of Modeled Scenario Time-Weighted EECs with Threshold
Concentrations for Potential Community-Level Effects

14-day 30-day 60-day 90-day
Use Scenario
EEC Threshold EEC Threshold EEC Threshold EEC Threshold
(ug/L) Conc. (ng/L) Conc. (ug/L) Conc. (ug/L) Conc.
- (ngL) | M8 (ngL) | M8 (g | M8 (ng/L)
Res.
(granular) 35/ 19/ 12/ 1.0 /
(1% 0S; 30% | "¢y 32 2.0 15
IS) / (10% ’ ’ ’ ’
0S; 10% IS)
Res.
(liquid) 2.5 1.5 1.0 0.8
Turf 2.0 1.2 0.8 0.7
(granular) 38 27 18 12
Turf
(liquid) 1.7 1.0 0.7 0.6
Rights-of! 11 0.8 0.6 0.6
way
Fallow/
Idle land 1.0 0.7 0.6 0.6

OS = overspray
IS = impervious surfaces

Based on the results of this comparison, predicted 14-, 30-, 60-, and 90-day EECs for all
modeled atrazine use scenarios (including the upper bound residential granular use EECs
assuming 10% overspray and 10% impervious surfaces) are well below the threshold
concentrations representing community-level effects. Although atrazine use may directly
affect individual aquatic plants in Barton Springs, its use within the action area is not
likely to adversely affect the Barton Springs salamander via indirect community-level
effects to aquatic vegetation. This finding is based on insignificance of effects (i.e.,
community-level effects to aquatic plants are not likely to result in “take” of a single
Barton Springs salamander) Therefore, the effects determination for the assessment
endpoint of indirect effects on the Barton Springs salamander via direct effects on habitat
and/or primary productivity of aquatic plants is “may affect, but not likely to adversely
affect.”
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6. Uncertainties
6.1 Exposure Assessment Uncertainties

Overall, the uncertainties inherent in the exposure assessment tend to result in over!
estimation of exposures. This is apparent when comparing modeling results with
monitoring data. In particular, peak exposures are generally an order of magnitude above
the highest detection found in any of the four springs. In general, the monitoring data
should be considered a lower bound on exposure, while modeling represents an upper
bound. Factors influencing the over-estimation of exposure include the assumption of no
degradation, dilution, or mixing in the subsurface transport from edge of field to springs.
The modeling exercise conservatively assumes that the spring and atrazine application
site are adjacent. In reality, there are likely to be processes at work which cannot be
accounted for in the modeling that will reduce the predicted exposures. In addition, the
impact of setbacks on runoff estimates has not been quantified, although these buffers,
especially those that are well-vegetated, are likely to result in significant reduction in
runoff loading of atrazine.

6.1.1 Modeling Assumptions

Overall, the uncertainties addressed in this assessment cannot be quantitatively
characterized. However, given the available data and the tendency to rely on
conservative modeling assumptions, it is expected that the modeling results in an over-
prediction in exposure. In general, the simplifying assumptions used in this assessment
appear from the characterization in Section 3.2.7 to be reasonable especially in light of
the analysis completed and the available monitoring data. There are also a number of
assumptions that tend to result in exposure over-estimation that cannot be quantified, but
can be qualitatively described. For instance, modeling for each use site assumes (with the
exception of the rights-of-way scenario) that the entire 10-hectare watershed is taken up
by the respective use pattern. The assessment assumes that all applications have occurred
concurrently on the same day at the exact same application rate. This is unlikely to occur
in reality, but is a reasonable conservative assumption in lieu of actual data.

6.1.2 Impact of Vegetative Setbacks on Runoff

Unlike spray drift, tools are currently not available to evaluate the effectiveness of a
vegetative setback on runoff and loadings. The effectiveness of vegetative setbacks is
highly dependent on the condition of the vegetative strip. For example, a well-
established, healthy vegetative setback can be a very effective means of reducing runoff
and erosion from agricultural fields. Alternatively, a setback of poor vegetative quality
or a setback that is channelized can be ineffective at reducing loadings. Until such time
as a quantitative method to estimate the effect of vegetative setbacks of various
conditions on pesticide loadings becomes available, the aquatic exposure predictions are
likely to overestimate exposure where healthy vegetative setbacks exist and
underestimate exposure where poorly developed, channelized, or bare setbacks exist.
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6.1.3 PRZM Modeling Inputs and Predicted Aquatic Concentrations

In general, the linked PRZM/EXAMS model produces estimated aquatic concentrations
that are expected to be exceeded once within a ten-year period. The Pesticide Root Zone
Model (PRZM) is a process or "simulation" model that calculates what happens to a
pesticide in a farmer's field on a day-to-day basis. It considers factors such as rainfall and
plant transpiration of water, as well as how and when the pesticide is applied. It has two
major components: hydrology and chemical transport. Water movement is simulated by
the use of generalized soil parameters, including field capacity, wilting point, and
saturation water content. The chemical transport component simulates pesticide
application on the soil or on the plant foliage. Dissolved, adsorbed, and vapor-phase
concentrations in the soil are estimated by simultaneously considering the processes of
pesticide uptake by plants, surface runoff, erosion, decay, volatilization, foliar wash-off,
advection, dispersion, and retardation.

Uncertainty associated with each of these individual components adds to the overall
uncertainty of the modeled concentrations. Additionally, model inputs from the
environmental fate degradation studies are chosen to represent the upper confidence
bound on the mean, values that are not expected to be exceeded in the open environment
90 percent of the time. Mobility input values are chosen to be representative of
conditions in the open environment. The natural variation in soils adds to the uncertainty
of modeled values. Factors such as application date, crop emergence date, and canopy
cover can also affect estimated concentrations, adding to the uncertainty of modeled
values. Factors within the ambient environment such as soil temperatures, sunlight
intensity, antecedent soil moisture, and surface water temperatures can cause actual
aquatic concentrations to differ for the modeled values.

Additionally, the rate at which atrazine is applied, the percent of a watershed that is
cropped, and the percent of crops in that watershed that are actually treated with atrazine
may be lower than the Agency’s default assumptions including use of the maximum
allowable application rate, treatment of the entire crop, and the estimated area within a
watershed planted with agricultural crops. The geometry of a watershed and limited
meteorological data sets also add to the uncertainty of estimated aquatic concentrations.

6.2  Effects Assessment Uncertainties

6.2.1 Age class and sensitivity of effects thresholds
It is generally recognized that test organism age may have a significant impact on the
observed sensitivity to a toxicant. The acute toxicity data for fish are collected on
juvenile fish between 0.1 and 5 grams. Aquatic invertebrate acute testing is performed on
recommended immature age classes (e.g., first instar for daphnids, second instar for

amphipods, stoneflies, mayflies, and third instar for midges).

Testing of juveniles may overestimate toxicity at older age classes for pesticidal active
ingredients, such as atrazine, that act directly (without metabolic transformation) because
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younger age classes may not have the enzymatic systems associated with detoxifying
xenobiotics. In so far as the available toxicity data may provide ranges of sensitivity
information with respect to age class, this assessment uses the most sensitive life-stage
information as measures of effect for surrogate aquatic animals, and is therefore,
considered as protective of the Barton Springs salamander.

6.2.2 Use of surrogate species effects data

Guideline toxicity tests are not available for salamanders; therefore, freshwater fish are
used as surrogate species for aquatic-phase amphibians including salamanders. The
available open literature information on atrazine toxicity to aquatic-phase amphibians
shows that acute and chronic ecotoxicity endpoints for aquatic-phase amphibians are
generally about 3 to 4 times less sensitive than freshwater fish. Therefore, endpoints
based on freshwater fish ecotoxicity data are assumed to be protective of potential direct
effects to aquatic-phase salamanders including the Barton Springs salamander, and
extrapolation of the risk conclusions from the most sensitive tested species to the Barton
Springs salamander is likely to overestimate the potential risks to those species. Efforts
are made to select the organisms most likely to be affected by the type of compound and
usage pattern; however, there is an inherent uncertainty in extrapolating across phyla. In
addition, the Agency’s LOCs are intentionally set very low, and conservative estimates
are made in the screening level risk assessment to account for these uncertainties.

6.2.3 Acute freshwater invertebrate toxicity data for the midge

The initial acute risk estimate for freshwater invertebrates was based on the lowest
toxicity value from Chironomus studies, which showed a wide range of sensitivity within
and between species of the same genus (2 orders of magnitude). Therefore, acute RQs
based on the most sensitive toxicity endpoint for freshwater invertebrates may represent
an overestimation of potential direct risks to freshwater invertebrates and indirect effects
to the Barton Springs salamander via a reduction in available food.

6.2.4 Extrapolation of long-term environmental effects from short-term
laboratory tests

The influence of length of exposure and concurrent environmental stressors to the Barton
Springs salamander (i.e., urban expansion, habitat modification, decreased quantity and
quality of water in Barton Springs, predators, etc.) will likely affect the species response
to atrazine. Additional environmental stressors may decrease the Barton Spring
salamander’s sensitivity to the herbicide, although there is the possibility of
additive/synergistic reactions. Timing, peak concentration, and duration of exposure are
critical in terms of evaluating effects, and these factors will vary both temporally and
spatially within the action area. Overall, the effect of this variability may result in either
an overestimation or underestimation of risk. However, as previously discussed, the
Agency’s LOCs are intentionally set very low, and conservative estimates are made in the
screening level risk assessment to account for these uncertainties.
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6.2.5 Use of threshold concentrations for community-level endpoints

For the purposes of this endangered species assessment, threshold concentrations are used
to predict potential indirect effects (via aquatic plant community structural change) to the
Barton Springs salamander. The conceptual aquatic ecosystem model used to develop
the threshold concentrations is intended to simulate the ecological production dynamics
in a 2" or 3™ order Midwestern stream; however, the model has been correlated to micro-
and mesocosm studies, which were derived from a wide range of experimental studies
(i.e., jar studies to large enclosures in lentic and lotic systems), that represent the best
available information for atrazine-related community-level endpoints.

The threshold concentrations are predictive of potential atrazine-related community-level
effects in aquatic ecosystems, such as Barton Springs, where the species composition
may differ from those included in the micro- and mesocosm studies. Although it is not
possible to determine how well the responses observed in the micro- and mesocosm
studies reflect the Barton Springs aquatic community, estimated high-end atrazine
exposure concentrations in the action area (from modeled EECs) are predicted to be
between 10 to 30 times lower than the community-level threshold concentrations,
depending on the modeled atrazine use and averaging period. Given that threshold
concentrations were derived based on the best available information from available
community-level data for atrazine, these values are intended to be protective of the
aquatic community, including the Barton Springs salamander. Additional uncertainties
associated with use of the screening thresholds to estimate community-level effects are
discussed in Section B.8 of Appendix B.

6.3  Assumptions Associated with the Acute LOCs

The risk characterization section of this endangered species assessment includes an
evaluation of the potential for individual effects. The individual effects probability
associated with the acute RQ is based on the mean estimate of the slope and an
assumption of a probit dose response relationship for the effects study corresponding to
the taxonomic group for which the LOCs are exceeded.

Sufficient dose-response information was not available to estimate the probability of an
individual effect on the midge (one of the dietary food items of the Barton Springs
salamander). Acute ecotoxicity data from the midge was used to derive RQs for
freshwater invertebrates. Based on a lack of dose-response information for the midge,
the probability of an individual effect was calculated using the only probit dose response
curve slope value reported in available freshwater invertebrate ecotoxicity data for
technical grade atrazine. Therefore, a probit slope value of 4.4 for the amphipod, which
is also a component of the Barton Springs salamander’s diet, was used to estimate the
probability of an individual effect on the freshwater invertebrates. It is unclear whether
the probability of an individual effect for freshwater invertebrates other than amphipods
would be higher or lower, given a lack of dose-response information for other freshwater
invertebrate species. However, the assumed probit dose response slope for freshwater
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invertebrates of 4.4 would have to decrease to approximately 1 to 2 to cause an effect
probability ranging between 1 in 10 and 1 in 100, respectively, for freshwater
invertebrates.

7. Summary of Direct and Indirect Effects to the Barton Springs Salamander

In fulfilling its obligations under Section 7(a) (2) of the Endangered Species Act, the
information presented in this endangered species risk assessment represents the best data
currently available to assess the potential risks of atrazine to the Barton Springs
salamander. A summary of the risk conclusions and effects determination for the Barton
Springs salamander, given the uncertainties discussed in Section 6, is presented in Table

7.1.

Table 7.1. Effects Determination Summary for the Barton Springs Salamander

Assessment Endpoint

Effects determination

Basis for Determination

Survival, growth, and
reproduction of Barton
Springs salamander
individuals via direct
effects

No effect

No acute and chronic LOCs are exceeded.

Indirect effects to Barton
Springs salamander via
reduction of prey (i.e.,
freshwater invertebrates)

May affect, but not likely
to adversely affect

Acute LOCs are exceeded based on the most sensitive
ecotoxicity value for the midge; however RQs for other dietary
items (amphipods, leeches, snails) are less than LOCs. Based
on the non-selective nature of feeding behavior in the Barton
Springs salamander and low magnitude of anticipated
individual effects to all evaluated prey species, atrazine is not
likely to indirectly affect the Barton Springs salamander via a
reduction in freshwater invertebrate food items. This finding is
based on insignificance of effects (i.e., effects to freshwater
invertebrates are not likely to result in “take” of a single Barton
Springs salamander) and discountability (i.e., the effect to
freshwater invertebrates is extremely unlikely to occur given
the estimated individual event probability of 1 in 45.5 million).

Indirect effects to Barton
Springs salamander via
reduction of habitat and/or
primary productivity (i.e.,
aquatic plants)

May affect, but not likely
to adversely affect

Although atrazine use may directly affect individual vascular
and non-vascular aquatic plants in Barton Springs, its use
within the action area is not likely to adversely affect the
Barton Springs salamander via indirect community-level
effects to aquatic vegetation. Predicted 14-, 30-, 60-, and 90[]
day EECs for all modeled atrazine use scenarios within the
action area are well below the threshold concentrations
representing community-level effects. This finding is based on
insignificance of effects (i.e., community-level effects to
aquatic plants are not likely to result in “take” of a single
Barton Springs salamander).
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