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NOTICE

These meeting minutes have been written as part of thie activities of the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), Scientific Advisory Panel (SAP). The meeting
minutes represent the views and recommendations of the FIFRA SAP, not the United States
Environmental Protection Agency (Agency). The content of the meeting minutes does not
represent information approved or disseminated by the Agency. The meeting minutes have not
been reviewed for approval by the Agency and, hence, the contents of these meeting minutes do
not necessarily represent the views and policies of the Agency, nor of other agencies in the
Executive Branch of the Federal government, nor does mention of trade names or commercial
products constitute a recommendation for use.

The FIFRA SAP is a Federal advisory committee operating in accordance with the Federal
Advisory Committee Act and established under the provisions of FIFRA as amended by the
"Food Quality Protection Act (FQPA) of 1996. The FIFRA SAP provides advice, information,
and recommendations to the Agency Administrator on pesticides and pesticide-related issues
regarding the impact of regulatory actions on health and the environment. The Panel serves as
the primary scientific peer review mechanism of the Environmental Protection Agency, Office of
Pesticide Programs (OPP), and is structured to provide balanced expert assessment of pesticide -
and pesticide-related matters facing the Agency. FQPA Science Review Board members serve
the FIFRA SAP on an ad hoc basis to assist in reviews conducted by the FIFRA SAP. Further
information about FIFRA SAP reports and activities can be obtained from its website at
http://www.epa.gov/scipoly/sap/ or the OPP Docket at (703) 305-5805. Interested persons are
invited to contact Sharlene R. Matten, Ph.D., SAP Designated Federal Official, via e-mail at
matten.sharlene@epa.gov. ,

In preparing these meeting minutes, the Panel carefully considered all information provided and
presented by EPA, as well as information presented in public comment. This document
addresses the information provided and presented by EPA within the structure of the charge.
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INTRODUCTION

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) Scientific Advisory Panel
(SAP) has completed its review of The Agency’s Proposed Action Under FIFRA 6(b) Notice
of Intent to Cancel Carbofuran. Advance notice of the SAP meeting was published in the
Federal Register on November 20, 2007. The review was conducted in an open panel meeting
February 5-8, 2008 held in Arlington, Virginia. Dr. Steven G. Heeringa chaired the meeting.

Dr. Sharlene R. Matten served as the Designated Federal Official. Dr. Debbie Edwards, Director,
.Office of Pesticide Programs (OPP), provided opening remarks at the meeting. Dr. Steven
Bradbury, Director of the Special Review and Reregistration Division, OPP, provided an
overview of the goals and objectives for the meeting. Jude Andreasen provided an introduction
and background of the carbofuran regulatory history. Dr. Donald Brady, Director of the
Environmental Fate and Effects Division provided an overview of the carbofuran ecological risk
issues to be considered. Jack Housenger, Associate Director of the Health Effects Division

- provided an overview of the carbofuran human health risk issues to be considered.

Presentations of technical background materials were provided by Dr. Edward Odenkirchen, Dr.
Melissa Panger, and Dr. Christopher Salice of the Environmental Fate and Effects Division, OPP
and by Dr. Anna Lowit and Dr. Elissa Reaves of the Health Effects Division, OPP. Additional
technical clarifications by EPA were provided by Dr. Woodrow Setzer (EPA-Office of Research
and Development (ORD)-National Center for Computational Toxicology (NCCT) and Dr.

. Viginia Moser, EPA-ORD-National Health and Environmental Effects Research Laboratory
(NHEERL) and by John Liccione and Jeffrey Dawson of the Health Effects Division, OPP.
William Jordan, Senior Policy Advisor, OPP, also provided clarifying remarks.

Carbofuran is an N-methyl carbamate (NMC) pesticide. Like other NMCs, carbofuran causes
neurotoxicity through the inhibition of acetylcholinesterase (AChE). Inhibition of AChE is the
critical toxic effect for evaluating human health risk to carbofuran. A key aspect of the toxicity
profile of carbofuran is the rapid onset of toxicity followed by rapid recovery. In 2006, the
Health Effects Division (HED) and the Environmental Fate and Effects Division (EFED) of the
Office of Pesticide Programs (OPP) developed human health and environmental risk assessments
for carbofuran. The human health assessment evaluated exposure to and risk from food and
water in a variety of age groups and from occupational activities. At that time, the Agency
identified risks that exceeded the level of concern from dietary exposure to food and water as
well as from occupational exposures. The environmental risk assessment identified risks to
wildlife, particularly birds. These identified risks led the Agency to determme that carbofuran
was ineligible for reregistration in August, 2006.

As required by FIFRA, EPA asked the SAP to address whether the Agency has reasonably

" assessed carbofuran’s impact on health and the environment based on the available data, as
outlined in the draft Notice of Intent to Cancel Carbofuran (NOIC) and supporting documents.
EPA interpreted this statutory directive to mean that the SAP review should focus on providing
comments about whether EPA has reasonably assessed the nature and magnitude of potential
risks to public health and the environment posed by the use of the pesticides that are the subject
of a draft NOIC. Most of the methods and approaches used and policies followed in EPA’s
carbofuran risk assessments have already been through extensive peer review. At those SAP
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" meetings, EPA requested and received detailed recommendations regarding the types of
information to be used in risk assessment, as well as how to analyze the data. Consequently, the
Agency did not ask the Panel to comment on such previously peer reviewed aspects of the '
carbofuran risk assessment. In addition, unlike those previous SAP meetings, at this meeting the
Agency did not ask for (and the statute does not require) the SAP to provide advice and
recommendations on a new scientific methodology or whether the scientific basis for a
regulatory decision could benefit from additional data. In addition, the Agency posed human
health and environmental charge questions to the Panel regarding new data that became available
since the Interim Reregistration Eligibility Document (August 2006) was signed or where new
analyses had been performed that affected the carbofuran risk assessments.
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PUBLIC COMMENTERS
Oral statements were presented by:

1) John Cummings, Ph.D., FMC Agricultural Products Group, on behalf of FMC Corporation

2) Keith Solomon, Ph.D., University of Guelph, on behalf of the FMC Corporation Avian Risk
Assessment Expert Panel

3) Dwayne Moore, Ph.D., Intrinsik Environmental, Inc., on behalf of FMC Corporatlon s
Carbofuran Avian RlSk Assessment Expert Panel

4) James Lamb IV, Ph.D., D.A.B.T., F.A.T.S., The Weinberg Group, on behalf of FMC
Corporation

5) Jeffrey Driver, Ph.D., D.A.B.T., M.T., C.L.S., risk sciences.net, LLC on behalf of FMC
Corporation

6) Robert Sielken, Jr., Ph.D. Sielken & Associates Consultmg, Inc., on behalf of FMC
Corporation

7) Robert Morris, Ph.D., FMC Corporation, on behalf of FMC Corporation

8) Bernie Engel, Ph.D., Engel Consulting on behalf of FMC Corporation

9) Richard Fawcett, Ph.D., Fawcett Consulting on behalf of FMC Corporation ,

10) W. Martin Williams, P.E., Waterborne Environmental Inc., on behalf of FMC Corporation

11) Ray Young on behalf of Young and Young Consultants

12) Larry Kleingartner, Executive Director, on behalf of the National Sunflower Association

13) Bruce Unruh, Farmer, Burhngton Colorado

14) Michael Fry, Ph.D., on behalf of the American Bird Conservancy

15) Jennifer Sass, Ph. D , on behalf of the National Resources Defense Council

16) Chance McLean, Farmer, Benedict, Nebraska

17) Donald Sklarczyk on behalf of the National Potato Council

18) Michael Horrall, Farmer, President, Melon Acres, Inc., Oaktown, Indiana

19) Brian Bresnahan, on behalf of Servi-Tech Consulting, Benedict, Nebraska

20) Scott Schertz on behalf of Schertz Aerial Service, Inc., Bloomington, Illinois

21) Gary Edwards on behalf of the Iowa Corn Growers Association

22) Douglas Hanks, Farmer, St. Anthony, Idaho

Written statements were provided by:

1) Larry Price, President, on behalf of the Oregon Alfalfa Seed Growers Association

2) Nsedu O. Witherspoon, MPH, Executive Director on behalf of the Children’s Environmental
Health Network

3) B. Sachau, Private Citizen

4) Caroline Kennedy on behalf of the Defenders of Wildlife

5) Mr. Basil Tangredi, DVM, Private Citizen

6) “Jeannie”, Jane@flyingace.net, Private Citizen

7) Diana Post, President, on behalf of the Rachel Carson Council

8) Tim Recker, President, on behalf of the Iowa Corn Growers Association

9) Jennifer Sass, Ph.D., on behalf of the National Resources Defense Council
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10) Kenneth Weinstein and Claudia O’Brien, Latham & Watkins LLP on behalf of FMC
Corporation

11) Louis Best, Ph.D., Larry Brewer, Ph. D., Don Carlson, Ph.D., Jeffrey Driver, Ph.D.,
D.AB.T.,M.T.,, C.L.S., Bernie Engel, Ph D., Richard Fawcett, Ph.D., John Giesy, Ph.D.,
James Lamb IV, Ph.D,, D A.B.T., F.A.T.S., Dwayne Moore, Ph.D., Robert Morris, Ph.D.,
John Ross, Ph.D., D.A.B.T., Robert Slelken Jr., Ph.D., Keith Solomon Ph.D., and W.
Martin Williams, P.E. on behalf of FMC Corporation

12) Louis Best, Ph.D., Keith Solomon, Ph.D., John Giesy, Ph.D., Larry Brewer, Ph. D and
Dwayne Moore, Ph.D., on behalf of FMC Corporation’s Carbofuran Avian Risk Assessment
Expert Panel

13) John Cummings, Ph.D., FMC Agricultural Products Group, on behalf of FMC Corporation

14) Don Carlson, Ph.D., Registrations Manager, on behalf of FMC Corporation '

15) Michael Fry, Ph.D., on behalf of the American Bird Conservancy

16)] ennifer Sass, Ph. D on behalf of the National Resources Defense Council

17) Elizabeth Cole, Private Citizen

- 18) Bill Norman, D. Engr., Vice President Technical Services on behalf of the National Cotton
Council of America

19) Keith Solomon, Ph.D., University of Guelph on behalf of FMC Corporation
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SUMMARY OF PANEL DISCUSSION AND RECOMMENDATIONS
Ecological Risk Summary

The Panel was asked by the United States Environmental Protection Agency (EPA) whether it
had reasonably assessed carbofuran’s impact on the environment based on the available data, as
outlined in the draft Notice of Intent to Cancel (NOIC) and supporting documents. The Agency
asked the SAP five charge questions that paralleled the three lines of evidence used by EPA to
assess the acute mortality risks of carbofuran to birds at the scale of a treated agricultural field
and the immediate surrounding habitat. The lines of evidence were as follows:

Line 1: Deterministic Risk Assessment;
Line 2: Probabilistic Risk Assessment (Charge Questions 1 and 2);
Line 3: (Part 1) Wildlife Mortality Incidents (Charge Question 3) and (Part 2) Field

Studies (Charge Question 4).
A summary of the Panel’s responses to the charge questions, in conjunction with the lines of
evidence presented, is provided below. '

No Specific Charge Question — First Line of Evidence: The Panel agreed with the Agency that
- the deterministic risk assessment was a conservative screening evaluation and that it indicated
risk to birds from carbofuran exposure.

Charge Questions 1 and 2 — Second Line of Evidence: The Panel, however, found that the
probabilistic risk assessments (PRA) based on the TIM (TIM v.1.0, v.2.0, and v.2.1) modeling
for the Agency and on the LiquidPARAM modeling for FMC (“the Registrant”), predicted
different levels of risk associated with the use of carbofuran when the newly generated data were
included. The Panel agreed that the Agency had implemented their probabilistic risk assessment
models in a manner that was consistent with previous Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) Scientific Advisory Panel (SAP) recommendations and that sufficient
“bridging” of older and newer PRA models, i.e., the TIM v.1.0 with older data and TIM v.2.0/2.1
models with new FMC data where available) had been completed, and that these bridging data
showed sufficient equivalency. As a result, the Panel concurred with the Agency’s risk
conclusion, namely that the results of the PRA continue to support the conclusion that there is a
risk of avian mortality in and around carbofuran-treated sites. :

The Panel agreed that the new FMC data (i.e., avian avoidance of pesticide treated food, the role
of dietary matrix in avian toxicity, and estimates of carbofuran acetylcholinesterase (AChE)
recovery kinetics in birds), taken in aggregate, did provide a means to further assess avian risk,
but that the utility of these data in the modeling was limited due to experimental uncertainty and
would be most appropriately used as screening tools. More than one Panel member thought that
the approach of changing all of the data variables simultaneously in the Agency’s model was not
advisable and added to the confusion of interpreting the models’ predictions of risk. In spite of
these reservations, the Panel agreed these new data did not significantly alter the overall PRA
estimates, and therefore, would not alter the risk conclusions drawn by the Agency.

Charge Questions 3 and 4 — Third Line of Evidence: The Panel agreed that neither the
wildlife incident mortality data nor wildlife monitoring studies alter the risk conclusions, though
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interpretation of more recent incident reports/monitoring studies is confounded by multiple
concurrent changes in reporting and registered uses. For example, changes in labeled uses,
improved stewardship by the registrant, reduced state monitoring efforts, and changes in the
regulatory reporting requirements all occurred simultaneously over the information collection

- time period. Observed changes in avian mortality may be due to any or all of these factors.
Similarly, the Panel found the data from field studies was of limited utility due to difficulty in
designing and executing these studies, as well as interpreting the resultant probabilities of avian
mortality due to exposures in the field. Despite the limitations of the incident mortality and field
study data, the Panel agreed that both the incident reports and field monitoring studies provide
useful information, but that a more systematic approach to collecting and interpreting the data is
needed before they can be used quantitatively in the probabilistic risk assessment.

Charge Question 5 — Integration of the Three Lines of Evidence: The Panel believed that
definitive conclusions regarding the significance of the avian risk; as requested in Charge

- Question 5, were difficult to draw due to several factors. These factors centered on data quality
issues and study design features that introduced uncertainty into the utilization of the most recent
data submitted to the EPA in 2007. These were: 1) the lack of time to adequately compare the
performance of the two most recent models, EPA’s TIM v.2.1 and FMC’s LiquidPARAM, 2)
simultaneous but different decisions by EPA and FMC on model parameterization, performance,
and resulting conclusions based on outputs, and 3) judgment of the quality and utility of new
data. Both the Agency and FMC incorporated additions into their respective models that each
considered improvements for risk assessment, but each had different levels of uncertainty. Some
of these additions had significant and disparate effects on the resulting outputs and conclusions,
depending upon how they were parameterized. The Panel could not assess the magnitude of the
avian risk given uncertainties associated with the lines of evidence put forth by the Agency. On
the other hand, the Panel does not believe that the new data supports changing the Agency’s
conclusion regardirig avian risk.

Several recommendations were put forward by the Panel for the Agency to consider:

. ® Define “significant” risk including interpretation of the magnitude of effects;

e Provide better guidance as to the criteria that delineate high, moderate and de minimus risk;

e Provide standard approaches to the implementation of probabilistic risk assessments (e.g.
fixed and variable input parameters, ranges of variation when applicable and clear
delineation of other input parameters); :

e Verify mathematical representations with real world data when possible;

e Develop input parameters to realistically quantify effects across species;

e Improve the development, integration and understanding of cumulative effects resulting from
exposure to multiple AChE inhibiting compounds on a landscape scale;

e Run additional probabilistic risk assessment modeling with the consideration of a range of
exposure scenarios should the Agency choose to retain or add uses of carbofuran;

e Develop an industry-wide task force to share data and to compile a comprehensive database
of laboratory and field data for use in future probabilistic risk assessments. This could help
alleviate the problem of differential interpretation of data by developing consensus on base
data inputs to be used in risk assessment models; and

e Develop a system by which to categorize and group data on a scale that is consistent with

~ probabilistic risk assessments.
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Human Health Risk Summary

The Panel addressed four related charge questions (1a-d) regarding the point of departure (PoD)
for assessing human health risk from carbofuran. Briefly these are: 1a) Is acetylcholinesterase
(AChE) inhibition in PND11 rat brain the proper measure of toxic responses and age group for
defining the point of departure for carbofuran risk assessment? 1b) Are FMC’s red blood cell
(RBC) AChE data unacceptable because of poor replication, limited inhibition, and lack of dose
response? 1¢) Although EPA-Office of Research and Development (ORD) data indicate that
RBC ACHhE is more sensitive than brain, is the BMDL, (i.e., lower confidence limit of the bench
mark dose at the 10% inhibition level) uncertain because the data do not extend to low doses? -
1d) Does one get a reliable BMDL;, for the most sensitive endpoint by adjusting for the
difference between the linear, steep mid-portions of the dose-response curves in RBC and brain
AChEs? : '

The Panel answered charge questions 1a and 1b with an unequivocal “yes”. The final two
charge questions, 1c and 1d, aroused controversy amongst the Panelists, and issues overlapped
between these questions, further complicating the Panel’s task. For question 1c, there was little
argument with EPA’s conclusion that lack of good data at the low end of the dose response curve
for inhibition of RBC AChE in young rat pups leads to uncertainty in the BMDL, for that .
measure. In contrast, the Pane] was split with regard to the tacit implication that RBC data are
actually relevant in this case. This issue came to the fore in the discussion of question 1d
regarding the Food Quality Protection Act (FQPA) safety factor for infants and children.

Five FQPA uncertainty factor scenarios were considered by the Panel in response to charge

~ question 1d (see Table 1). No consensus was reached as to which scenario was favored. Several
members proposed to start from the most sensitive measurements in a bona fide target organ of
~ juvenile subjects (i.e., PND11 rat brain), and apply a 10X interspecies correction factor to
extrapolate to humans without an additional FQPA uncertainty factor (Panel Scenario 1). There
was also significant support for using the same data with the incorporation of a small (1.5 to 2 X)
FQPA safety factor for the protection of infants and children (Panel Scenario 2). This approach
accounts for both the possibility that inhibition of RBC AChE in pups might correlate with
inhibition in true target tissues like heart and muscle (not measured) and the use of the intra-
species and the inter-species factors of 10X as proposed by the Agency. A third suggestion was
to use brain AChE data from adult rats corrected by the two default 10X safety factors for inter-
species and intra-species uncertainty and a 10X FQPA safety protection factor for children and
infants because of the uncertainty of the juvenile data (Panel Scenario 3); after discussion, this
option was rejected by the Panel. A portion of the Panel agreed with EPA’s proposed
recommendation to use a 5X FQPA safety factor or that even a more conservative 10X FQPA
safety factor is warranted (Panel Scenario 4). Another portion of the Panel argued that, even if
brain data were the only consideration, an additional 10X FQPA safety factor should be applied
to the BMDLy, from pups to account for the possibility that area under the curve (larger in the
very young) would correlate better with subtle developmental effects that might arise from
prolonged AChE inhibition or from as yet unknown mechanisms (Panel Scenario 5)
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In conclusion, the Panel was not in agreement regarding the magnitude of a FQPA safety factor.
A summary of the various Panel recommendations for the uncertainty factor determination for
carbofuran is provided in the table below.

Table 1. Various Recommendations for Uncertainty Factor Determination for
Carbofuran (Note: BMDL,, data from Table 3 and Table 4, page 21 found in EPA’s
document: Issue Paper for the FIFRA SAP Meeting on Carbofuran: Human Health Risk
Assessment, January3 2008)

Scenario BMDL;," Factors
. _ o Inter-species | Intra-species FQPA
Panel 1 0.031 ' 10 . 10 1.
Panel 2 ©0.031 10 10 1.5-2
Panel 3 0.048 | 10 10 10
 Panel 4 0.031 10 10 5-10
- Panel 5 0.031 10 10 10
EPA 0.031 10 10 5
Recommendation
FMC 0.031 10 3 1
Recommendation '

! The BMDL,, values were calculated from PND11 brain (mg/kg) data except for Scenario 3 in
which BMDL, values were calculated from adult brain (mg/kg) data.

2 This Scenario had little support from the Panel and was rejected after further discussion during
the meeting.

Finally, several of the Panel members, in discussion following the introduction of an additional
.question by the Panel, argued that the brain AChE inhibition data, not the RBC AChE inhibition
data, should be used as the endpoint for the risk assessment. Not only are the brain. AChE data
more robust than the RBC data and less dependent on extrapolation to determine low-dose
effects, the main reason for this preference is that brain AChE inhibition results in toxicity in a
target organ, whereas RBC AChE inhibition is a biomarker of exposure, not toxicity. However,
other Panel members believed that inhibition of RBC AChE was the appropriate endpoint for
risk assessment because of the greater sensitivity of RBC AChE compared to brain AChE in
- some studies and because RBC AChE is not merely an index of exposure but can be a surrogate
for AChE in peripheral tissues for which data were not available.

A second charge question on the topic of human health risk assessment concerned the potential
hazards from dermal exposure to be applied to worker risk assessments. The Panel was in
agreement that dermal toxicity studies in rats (MRID 47143701-2) are not acceptable for use in
extrapolating dermal risk to workers because of the lack of confidence associated with the study
design and sample analysis. With the lack of other experimental data, optimally a properly
designed dermal toxicity study, it is reasonable to cautiously consider an estimate of dermal
toxicity based on oral toxicity measurements with a reliable maximal effect endpoint combined
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with an estimate of dermal absorption. However, assuming 2-6% absorption likely
underestimates absorptlon because the doses to the exposed skin are likely to be much smaller
than the 63 pg/cm? (285 nmol/cm?) used in Shah et al., but because elimination of the chemical
is relatively rapid compared with skin absorption, it is also possible that the toxic effects from a
dermal exposure will be reduced relative to the total amount that penetrates the skin during and
after a 6 hour exposure. If the oral dosing extrapolation is used, then the oral bioavailability of
carbofuran needs to be included in the MOE calculation, to adjust the oral Pomt of Departure
(PoD) dose to a systemic (or internal) exposure.

Additional Comments :

The charge questions posed to the Panel did not specifically address the dietary exposure
modeling. However, the Panel noted its agreement with FMC’s position that residue inputs to the
DEEM dietary exposure model should reflect the most up-to-date data and measurement
standards for residue levels on commodities. For potatoes, the Panel recommended that the
limit of detection (LOD) for current technologies (i.e. 0.001-0.004 ppm) be used as the basis for
the EPA’s ¥ LOD interpolation of a residue value for a “treated” potato food item.

Page 15 of 69



ECOLOGICAL RISK SECTION DETAILED RESPONSES TO CHARGE QUESTIONS

Many of the methods, approaches and/or policies reflected in EPA’s assessments have already
been through extensive peer review. At previous SAP meetings, EPA has requested and received
detailed recommendations regarding the types of information to be used in ecological risk
assessments, as well as how to analyze the data, including the use of probabilistic risk models.
Consequently, the Agency will not be asking for this Panel to comment on those aspects of the
carbofuran risk assessment. '

The Agency is focusing its ecological charge questions to the Panel in one key area, which
concerns the data and methods to assess acute mortality risks of carbofuran to birds at the scale
of a treated agricultural field and the immediate surrounding habitat. This area is the focus of the
panel review as it represents the primary area of the risk assessment where new data have been
provided by the registrant that could result in alternate input values or assumptions for estimating
risks to birds using probabilistic models.

1. Terrestrial Model Version Effects on Risk Conclusions.

In 2001, the Scientific Advisory Panel (SAP) supported the modeling approach presented by
EPA and provided recommendations for additions to the Agency’s probabilistic risk assessment
(PRA) model, TIM v.1.0 (Terrestrial Investigation Model). This model was developed to
estimate risks of acute mortality to birds at the scale of an agricultural field treated with a
pesticide. The recommendations included addressing dermal and inhalation exposure routes,
more frequent feeding time steps, and avian diurnal behavioral patterns. These recommendations
were addressed in TIM v.2.0, which was reviewed by the SAP in 2004, and who again supported
the Agency’s approach. In the period of time between these two versions of TIM, the
probabilistic risk assessment (PRA) for carbofuran was initiated. At that time, TIM v.1.0 was the
only fully functional avian PRA model available. Subsequent to the SAP review of TIM v.2.0
and the release of the carbofuran IRED in August, 2006 the Agency has conducted modeling for
a subset of carbofuran scenarios using TIM v.2.1, a version that incorporated the 2004 SAP
recommendations, to ascertain the extent to Wthh the updated model version would alter
carbofuran risk conclusions.

a. Based on the document (D347916) provided for review containing model results using
TIM v.1.0 and the newer version TIM v.2.1, which addresses 2004 SAP
recommendations, EPA has determined that the results of the new modeling do not
support altering the previous conclusion that carbofuran poses a risk of mortality to
avian species in and around a carbofuran-treated use site. Do you concur with EPA’s
determination? Please provide a basis _for your conclusions

Also, in 2001 the SAP suggested that the Agency explore a separation of pesticide residue
variation into two components: variance within a given treated field and variance across different
fields. The Agency’s probabilistic modeling approach for birds has assumed that variability
estimates in the UTAB database represent within-field residue variability, and has described why
this may result in somewhat conservative model estimates. An alternative assumption is that all
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variance associated with avian exposure is a function of avian biology (body size and behavior)
and that there is no residue variance within a field. The Agency has conducted a brief review of a
number of pesticide residue datasets and carbofuran-specific field data and has determined that
residues on food items do vary within a field.

b. ‘Based on support document (reference document D348020) provided for review, EPA

" has determined that assuming within-field pesticide residue variance to be zero is not

supported. Do you concur with EPA’s determination? Please provide a basis for your
conclusions.

Panel Response — Question 1a

The Panel noted that all models discussed (TIM v.1.0, TIM v.2.1, and LiquidPARAM) represent
a large step forward in the ecological risk assessment of pesticides as compared to previous
reliance solely on deterministic modeling. EPA has recognized the need to modernize their
ecological risk assessment approach in order to keep pace with evolving knowledge and the
increasing availability of technology and methods which allow better integration of uncertainty
and variability. Although it is imperative that methods used for risk assessment be scientifically
sound, it must be recognized that consistency, both across risk assessments for different
chemicals and within chemicals over time, must be maintained. For these reasons, the Panel
acknowledged that advances in risk assessment occur in a stepwise fashion.

The Panel interpreted this charge question as asking them to focus primarily on a comparison
between the application of TIM v.1.0 and TIM v.2.0/2.1 models and their suitability for
estimating risk to birds from exposure to pesticides. The Panel also recognized that the TIM

- models had been through extensive scientific peer review both within the Agency and via the
Science Advisory Panel’s public forum. Newer model versions reflected the advice and
recommendations from previous SAPs and incorporated them into the most recent model version
TIM v.2.1.

The Agency originally ran the FMC data through TIM v.1.0 and then when FMC had submitted
new data; reprocessed the data through TIM v.2.1. This second set of computations formed a
bridging set of data points to the first, more comprehensive data set and demonstrated
equivalency between the models. The Panel] agreed that when using the same or similar
scenarios, the results of the model runs with each TIM version displayed consistency in the
output distributions and resulted in similar conclusions with respect to the risks posed by
carbofuran to avian fauna. ' ’

The Panel concurred with EPA in their conclusion that the results of the new modeling do not
support altering the previous conclusion that carbofuran poses a risk of mortality to avian species
in and around carbofuran-treated sites. Additional discussion of the TIM and LiquidPARAM
models is found in the Panel’s responses to Question 2. '
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Panel Response — Question 1b

The Panel concurred with EPA’s determination that the within-field pesticide residue variance is
not zero. However, to examine within field and between field variance, the Panel recomimended
a thorough analysis of the Uptake/accumulation, Translocation, Adhesion, and Biotransformation
database (UTAB), which contains extensive data on organic chemicals and heavy metals in
vascular plants. The null assumption is that variance exists unless data show otherwise. The
analysis presented in reference document D348020 indicates, based upon field data, that there is
variance in residue in food items within fields and includes data provided by FMC. There are a
number of factors that contribute to this variance, including but limited to application equipment,
meteorology, micro-topography of the field and application method (e.g. banded vs. foliar).

The same limited data have been either utilized or considered by both the Agency and FMC.
What is in question is the rationale for the coefficients of variation selected by the Agency to use
in TIM v.2.1 (i.e. the application of a “safety” factor of 2-4X). Additionally, the Panel stated
that there should be clarity in describing what the variance reflects, namely, that variation in .
initial concentrations on food items at TO across and in the field could result in an apparent
increase in residues between time steps because of non-uniform deposition at applications time.
The relative effect (significance) of this variation needs to be evaluated in the two models (TIM
v.2.1 and LiquidPARAM). '

The Panel stated that the Agency should be clear in how it distinguishes between in-field
variation, that is a function of application and measurement error versus variation due to actual
concentrations decreasing post-application as the compound degrades. Although environmental
concentrations equal to or greater than initial concentrations may be encountered in the time
frame shortly following field application, as time post-application increases, the likelihood that
higher environment concentrations will be encountered will decrease at a rate consistent with the
environmental degradation rate of the compound. The relative effect and significance of this
variation should be evaluated in the two models (TIM v.2.1 and LiquidPARAM).

While the coefficient of variation reported within fields is less than values used in the original
modeled results, the subsequent assessment using TIM v.2.1 using both original and lower
variability did not alter the risk conclusions.

2. Analysis of New Data Impacts.

Between April and June 2007, the Agency received four studies from FMC. These studies were
intended to provide data to address uncertainties in the avian risk assessment that were identified
by the 2001 SAP. The Agency has reviewed these studies and evaluated the extent to which
these data would alter the Agency’s carbofuran risk conclusions (reference documents D347778
and D347916). The following questions relate to the results of EPA’s review and analysis of
each study and their overall impact on risk conclusions.
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Panel Response - General Comments

The Panel agreed that both the TIM and LiquidPARAM models have strengths and weaknesses,
but recognized that the state of probabilistic risk assessment modeling is an evolving science.
Many issues were discussed and debated with respect to modeling over the course of the SAP
meeting, including how to adequately represent and quantify in situ aspects of an animal’s
biology (e.g. habitat use, feeding behavior, etc) with mathematical constructs, sometimes with
limited data and information. An additional challenge to the modeling was how to interpret and
project effects from laboratory studies to field situations. ' :

The Panel noted that one of the side-effects of moving from deterministic to probabilistic
approaches is that the uncertainties become more apparent and can become important points of
debate with respect to the interpretation of results.

The Panel was presented with two different probabilistic approaches and risk characterizations;
one generated by the Agency (TIM models) and one by FMC (LiquidPARAM). Both started
from a common point, the TIM v.1.0 model. The results differed in part because of differences
in model structure, but also in part because of different interpretations of the currently available
science. The Panel had been charged to comment on one of these approaches, but being
scientists, it is our nature to be inquisitive and to consider alternative information from a
scientific perspective — this is reflected in our response.

2a.  Avoidance of Pesticide Treated Food.

Due to a lack of relevant test data, the terrestrial PRA presented in the 2006 Reregistration
Eligibility Science Chapter for Carbofuran, Environmental Fate and Effects Science Chapter
does not quantitatively address the potential that birds may avoid carbofuran-treated food items.
In May 2007, FMC provided EPA with a study on one bird species purporting to demonstrate
avian avoidance of carbofuran-treated feed (MRID 47128701). EPA reviewed this study and
concluded that it was suitable as a screen for potential avoidance behavior, indicating that
avoidance of carbofuran by birds may occur (reference document D347778). EPA believes,
however, that robust avoidance studies should include pens instead of cages, non-concentrated
food sources and some degree of hunger stress; the study submitted by FMC included none of
these considerations. However, to evaluate the potential impact of avoidance on risk conclusions
EPA conducted probab1hst1c model runs using a relationship between carbofuran concentration
in feed and reduced avian feed consumption (reference document D34791 6) In conducting the
evaluation of reduced food consumption as a function of dietary exposure EPA used the TIM
v.1.0 model. EPA elected to use this model as opposed to the TIM v.2.1 model because of
important limitations to the data in the food avoidance study; namely that the data were based on
daily observations of food consumption.

To use these data in TIM v.2.1, which has an hourly time step, would require adjusting the -

derived relationships between carbofuran dose and reduced food consumption to an hourly basis,
which is inconsistent with FMC-provided data. For example, one approach would be to multiply
hourly estimates of exposure by 8 hours (or other duration representing study observation times).

Page 19 of 69



EPA did not use this approach because of a likely bias towards low consurﬁption rates and hence,
lower exposures.

i. . Inlight of the limitations of the FMC study methodology, please comment on EPA’s
decision to use this study only as a screen for potential avoidance behavior? Please

provide a basis for your conclusions.

Panel Response

While the Panel believed that the food avoidance study design was less than optimal to achieve
its goal, the concept of examining the impact of avoidance behavior was quite reasonable given
the results of previously published studies (Bennett & Price, 1981; Bennett, 1989; Grue et al.,
1997). As indicated in these studies, avoidance behavior could potentially have a large impact
on birds’ exposure to a pesticide. However, because of confounding factors in FMC’s study, the
Panel could not draw any definitive conclusions with respect to avoidance behavior with respect
to carbofuran. As such, the Panel agrees with EPA’s decision to use this study only as a screen
for potential avoidance behavior. The Panel noted that the results of FMC’s study should
promote additional research.

The Panel stated that care must be taken in interpreting the avoidance study. First, the Panel
believed that the terms of “avoidance” and “repellency” were used inappropriately. Second, the
Panel concluded that the study was not designed to assess repellency, but rather that the results
focused on impacts on food intake. Third, the current study confounds three things: neophobia
(fear of new things), physiological response to a toxicant (i.e. toxic anorexia), and conditioned
~avoidance response. One Panel member noted that the study design confounded two possible

- effects — toxic anorexia (Burger et al., 2002) and selective avoidance of contaminated food in
favor of clean food: Toxic anorexia might be expected to be dose dependent, while the ability to
detect and avoid contaminated food might be expected to be concentration dependent. Because
the study design confuses these two possible effects, it is 1mp0551ble to determine which one is
driving any changes in consumption. :

The dose response relationship observed in FMC’s study indicated that irrespective of the
observed “pen effects”, exposure to carbofuran resulted in a reduction in food consumption.

This response was similar to that observed in other birds exposed to AChE inhibitors (Grue,
1981; Grue et al., 1997; Grue et al., 2002), and included the observation of a threshold effect
(Grue, 1981). It is important to note that the observed effect may be due to physiological distress
(malaise) and/or neurological effects on components within the central nervous system
governing appetite (Grue et al., 1997).

Clarification of terms with respect to the effects observed in FMC’s study is required. The Panel
believed that the results observed could more accurately be referred to as “pesticide-induced
anorexia” (Grue, 1981) vs. repellency or avoidance. This is important because-of the relative
hazards in the field (e.g. in the case of repellency) the effect would “prevent” exposure following
learning, whereas “pesticide-induced anorexia” is the result of exposure but subsequently may
result in reductions in exposure until the animal recovers its appetite, and again can be subject to
exposure via the same food items. The Panel had concerns that included both the results of the
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study and how representative the data for one species were for multiple species. If the results are
representative of multiple species exposed to carbofuran, then this effect needs to be included in
the risk assessment. Even if the data are considered as a screening study by the Agency, the
results suggest that the effect may occur in the field, and that the potential effect on outcomes of
the risk assessment are significant at the higher exposure levels based on the Agency’s analyses.

The time step may also be important in representing anorexia in the model, as the effect likely
would not be realized until a threshold dose was achieved. This issue is discussed in the Panel’s
response to Question 2aiii.

The Panel concluded that the FMC “avoidance” study demonstrated food intake suppression
(toxic anorexia), and further noted that the dose response pattern observed in mallards from this
study were similar to the patterns observed in a study with organophoshate pesticides using
grackles (Grue, 1982) in which the degree of suppression varied as a function of concentration of
applied to the food; there was clear evidence of general reduction of food consumption once the
treated material was introduced into the diet. Based on Panel analysis of study results, they
concluded that the reduced food intake was irrespective of pan type (carbofuran treated food or
clean food) and that the magnitude of food intake reduction was greatest on the first two days
whereupon the intake increased. This pattern was exhibited for all concentrations tested, with the
magnitude of general food intake suppression varying as a function of concentration tested.
There was no evidence of discrimination between carbofuran treated food and clean food. Thus,
the implication from these data was that carbofuran suppressed food intake and that there were
no flavor (e.g., odor, taste, tactile, irritation) characteristics that the subjects detected or attended
to. There was no evidence of repellency or learned avoidance for carbofuran. The Panel believed
that the results of the study should be characterized as toxic induced food suppression. Potential
bias in individual bird’s preferences to feed on one side or the other (right vs. left) did not seem
to have any bearing on the interpretation of the study because the general suppressive effect
transcended any side biases. '

There is ample evidence in the literature that conditioned avoidance can occur for birds exposed
to carbamate compounds (Gras et al., 1981; Sayre and Clark, 2001). However, the mechanism is
as follows: 1) the unconditional stimulus (the toxicant) induces an unconditioned response
(illness); 2) the bird is exposed to a visual stimulus (the conditional stimulus); and 3) the bird
subsequently learns to avoid the conditional stimulus that is paired with the food (the conditional
response). This paradigm has been used successfully to protect crops with carbamate pesticides.
There is no reason to suspect that a similar paradigm could not be used for carbofuran, but the
FMC experiment did not address or test this possibility. The Panel also noted that the results
state that no signs of intoxication were observed yet failure to feed was listed as one of the
symptoms of AChE inhibition (Burger et al. 2002). More than one Panel member stated that the
presentation of the data analysis was incomplete. While tests were described, the full results were
apparently not presented, nor were error bars or confidence limits on the results, which was
problematic for interpretation. An analysis of confidence limits on the results led to the
recommendation that the comparisons should be corrected for multiple comparisons in some
cases, and that this might eliminate some of the significant results as well. The derived variables
should be subject to an analysis that includes error propagation.
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Additional analysis by Panel members revealed high variance in response, as represented by
calculated repellency factor to treatment over days, indicating little difference between days
during pre-exposed time periods and days during the exposure period (Figure 1). In addition the
dose response relationship appeared to be discontinuous. Significant responses were only
observed in the 3 mg/kg (ppm) diet for males and in the controls and the 135 mg/kg (ppm) dose
for females.

Figure 1. Box Plots of Raw Repellency Factor Values fdr Male and Female Mallards
Exposed to Carbofuran. Data from Stafford, JM. 2007. Assessment of mallard duck (4ras
platyrhynchos) avoidance to feed containing Furadan 4F. FMC Unpublished Study MRID No.
47128701.
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There are other factors that need to be considered with respect to use of the avoidance study in
the environmental risk assessments. From a scientific perspective, information on the
avoidance/repellency factor for a wider range of avian species is desirable. This will allow for
better interpretation of the potential impact on exposure for focal species. The Panel noted that
based on information provided in FMC’s presentations, the avian species chosen for the test (i.e.,
mallard) was the most discriminatory. Normally, the choice of the most sensitive test species is
viewed as conservative. However, because of the potential impact on exposure, the use of a
sensitive species might not be representative of species that do not avoid or discriminate to the
same extent, where the potential reduction in food intake and hence exposure might be less.

. Lastly, the Panel believed that the results indicated an effect of the set-up of the holdlng facility
used to conduct the experiment, which further confounded the results.

The Panel also concluded that EPA was justified in suggesting that the study design made it
impossible to predict if any of these results were actually applicable to field situations. With
respect to EPA’s suggestions for a robust study, several Panel members believed that the design
features suggested by the Agency might not be the best approach. One Panelist noted that the
design features of such studies are being discussed by a scientific workgroup associated with the
Organization for Economic Cooperation and Development (OECD) and that caution should be
exercised in providing the Agency with any speciﬁc study design recommendations until this
group has reached consensus. With this caveat in mind, some of the Panel offered the followmg
observations regarding study design. -
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Pens vs. Cages: The caged environment could be more easily standardized for testing
among laboratories and provides care and consistency in taking physiologic measurements
(e.g. body mass, blood sampling) without imposing undue stress on subjects, and in
measurement of food and water consumption. Pens (outdoor) provide none of these
advantages but may introduce much uncertainty if the subjects to be treated are penned over
a natural matrix such as turf or alfalfa. If the purpose of the pen is to provide space and
distribution of additional feeding start times, then this purpose may be unattainable because
these pens may increase the bird’s stress during capture and thereby artificially increasing
mortality. This increased mortality could then be interpreted as increased hazard. Earthen
pens have inherent problems with sanitation and cleanup between studies. In this instance,

~ practicality and control may prevail over idealistic study design. Earthen pens have inherent
problems with sanitation and cleanup between studies.

Test Species Selection: Care should be taken to choose a relevant species and relevant
would be defined by careful consideration of assessment and measurement endpoints;
mallards may not be the best choice.

Non-concentrated Food Sources: Some aspects of this issue were addressed above. While
increasing space, distribution, and random arrangement of feeding stations may at first seem
desirable and representative, large pens for individualized birds may be difficult to manage,
and for some flocking species may affect behavior. As avoidance may be learned by the test
species in just a day or two, behavior-related stress may affect response and avoidance
studies in cages may be improved by randomly switching feeders rather than simply
reversing feeders on a daily basis.

Additional Feeding Stations: Carbofuran does not seem to be either an odor- or flavor-
stimulated repellent, though emesis may be induced and death may result. If death does not
result, recovered specimens often return to foraging on contaminated food without -

" persistence of initiated toxicity, consequently, additional feeding stations would likely not
change the outcome. - '

Hunger Stress: Some degree of hunger stress was suggested by the Agency as a future
study design feature. This is a critical issue that has important policy implications in addition
to scientific ones. It has long been recommended that under the standard 5 days feeding -
protocol (LCsg) that bobwhite quail be tested at 14 days of age and mallards at 5 days (Hill
et al, 1977). These ages were selected to ensure that these species could not survive fasting
for the test duration. Approximately 50 percent of 10-day old mallards can fast for 5 days
indicating that for the life stage at which the study would be conducted, inducing hunger
stress could significantly increase mortality and suffering.

Nutritional Status of Birds in the Wild: Wild birds are most likely to be exposed between
late spring and late summer. During this time period changing light conditions and other
environmental cues will cause birds to: 1) eat extra to fatten for migration, 2) migrate, a
period with high energy demands and limited time for feeding, 3) establish territories and
build up nutritional reserves for egg laying, 4) lay and incubate eggs which will include
defending territories, 5) raise dependent young, an energetically demanding time, and 6)
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molt, prepare for fall migration or in the case of young birds transition to independence, all
times of nutritional stress,. All of these conditions will emphasize the stress on birds to find
food and limit their ability to be “picky”.

7. Availability of Food Choice: Applying this study result to a field situation assumes there is
clean food available for birds to choose in the wild. This might be the case in some
situations where groups of birds are highly mobile, but for many of the birds of concern,
individuals will be confined to territories and may need to remain near nests during the
relevant time periods. They may not have the luxury of moving to an unsprayed field. -

One Panel member noted that before the data can be considered representative and
incorporated into the model, that field data showing that it is typical for birds to be exposed
to a sub-lethal dose, recover, be exposed again and that at this time pomt of reexposure
avoid the contammated feed would be required

'The Panel did not advocate including the availability of food choice (i.e., data from FMC’s
study) in a risk assessment model without closer examination. To the extent that this
scenario might occur in the field, it would be most likely to be important for larger species
such as mallards rather than songbirds. For any species, the dose-response curves for
carbofuran make it unlikely that a bird would receive a sub-lethal dose and survive the
secondary effects of intoxication (e.g. predation).

iL. Given the limitations in the food avoidance test study, did EPA employ a technically
sound approach to use the data from the study as inputs to the TIM v.1 model to evaluate
the potential for food avoidance to alter mortality risk estimates? Please provide a basis
for your conclusions.

Panel Response

The Panel agreed with the Agency to not include FMC’s food avoidance study in the modeling
because of the design flaws, the failure of FMC to adequately present the results in the study
reports, and the apparent lack of repellency/avoidance behavior based on the Panel’s analysis of
the data. The Panel also concluded it was not unreasonable to include the results for feed
suppression (avian anorexia) as effects in their analysis, or for compensatory feeding. Given the
limited data available to parameterize the model, the Agency’s approach to not include these data
as inputs to the TIM v.1 model appeared to be appropriate. The Panel noted that protocols to
evaluate avoidance/repellency that ensure quality data are available and that further investigation
of the impacts of these attributes on outputs would be warranted, and if it they were to be
included in any model structure, developed further. The Panel noted that
avoidance/repellency/avian anorexia and how it is characterized, affects exposure, is important
enough to be incorporated into models and is worthy of further study. In addition, the Panel
noted that if avoidance behavior was removed as a parameter in the LiquidPARAM model, as
presented at the SAP meeting, that the predicted probability of risk was 51m11ar to results
obtained from the Agency’s TIM models.
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Il Given that the data on food consumption is based on daily measurements, did EPA
incorporate these data appropriately into TIM 1.0, which has a time step that is more
consistent with the observation times in the data provided? Please provide a basis for
your conclusion. '

Panel Response

The Panel noted the following conclusion from the 2001 SAP (p. 33), to provide context for the
response.

SAP 2001 - “A time-step model as presented by the Agency is reasonable as a Tier 2
approximation and should produce credible output provided.: 1) pesticide intake does not affect
the continued rate of intake (no avoidance - either conditioned aversion or post-ingestional
feeding incapacity), or, 2) avoidance occurs too late relative to an intake commensurate with
lethality. There is growing evidence that the rate of pesticide intake is key to an individual’s
probability of death in the case of highly toxic pesticides (Hart et al., 1999). Clearly, the effective
feeding rate within a time step does matter in real life even if this is not currently captured by the
model. The critical variable with respect to ChemX and other highly toxic pesticides may be the
size of the meal rather than the maximal body burden attained over the course of a time step.”

The time step may be important in representing anorexia in the model, as the effect would likely
not be realized until a threshold dose was achieved. Therefore, the duration of effects (time not
feeding) would depend on when in the day (daylight hours in most cases, depending on the
species) the threshold was reached. For example, a bird reaching the threshold early in the day
might not feed again until the next morning during which time the affected birds likely would
regain their appetites and resume feeding. Irrespective of the time of day during daylight hours
at which the threshold dose is achieved, affected birds might recover their appetites by the next
morning because of a night-time hiatus in feeding. A shorter time step would allow for a more
accurate incorporation of reductions in feeding and therefore exposure within the model, which
would be more reflective of what might occur in the field. Lastly, it is important to note that the
recommendations listed by the Agency as design criteria for future studies have not been peer.
reviewed or been open for public comment.

As noted above in the Panel’s response to Question 2aii, if avoidance behavior was removed as a
parameter in the LiquidPARAM model presented at the SAP meeting then the predicted ,
probability of risk predicted by FMC’s LiquidPARAM model is similar to results obtained from
the Agency’s TIM models. Differences in estimation of risk between the two models indicate the
potential importance of the following factors: 1) the interaction of repellency/avoidance/feed
suppression, 2) the time step, and 3) the dissipation of chemical and resulting diminishment of
effects as they affect exposure and ultimately risk.

The Panel concluded that both the Agency’s and FMC’s modeling had merit, however, inclusion
of an hourly time step with TIM v.2.1, as was done with LiquidPARAM, would be useful. The
Panel recognized that food avoidance is intimately linked to foraging behavior making the

~ driving factor in the choice of approach the feeding biology of the focal species in question

Page 26 of 69



which would result in food avoidance being applied concurrent with food ingestion, no matter
what the type of foraging behavior.

2b. The Role of Dietary Matrix in Acute Toxicity.

- In 2001, the SAP indicated that the oral LDsy was more appropriate than the LCs for use in avian
probabilistic assessments for a chemical with an effects dataset similar to carbofuran. However,
they did recognize that dietary matrix could play a role in modifying the acute toxicity of a
compound. In May and June 2007, FMC provided the Agency with two studies on two bird
species purporting to demonstrate that a dietary matrix can reduce acute toxicity of carbofuran
(MRIDs 47152901; 47143706). EPA’s conclusion regarding the studies (reference document
D347778) is that there does appear to be an effect of the dietary matrix on acute toxicity of
carbofuran. However, the study designs were limited by small sample sizes and sufficient
experimental variability that adds uncertainty to the interpretation of results in at least one study.
In addition, EPA does not believe that these two studies capture the range of likely responses for
wild bird species associated with carbofuran use sites. However, to evaluate the possible impact
of the food matrix on avian risk conclusions, the food matrix effects identified in these studies
were used by EPA as inputs to the TIM v.1 andv.2.1 models to provide 1ns1ght into the extent to
which risk estimates could vary (reference document D347916).

i Do you concur with the Agency’s conclusions regarding the limitations of the data
available in food matrix studies? Please provide a basis for your conclusions.

Panel Rgsponse

The Panel agreed with the Agency’s concerns, but they also had concerns that food items in the
field are qualitatively different and would effect how exposure is presented. Pesticide residues
could be on the food surface as opposed to in the food matrix, and therefore could be more
readily available with less matrix interference in one consumption scenario than the other.
Additionally, the composition of the matrix itself must be representative of natural food items
(e.g. insects vs. plant foliage vs. seeds). Once again the Panel agreed that from a scientific
perspective, information from a variety of avian species, representing different focal species
~ groups would be desirable for better interpretation.

The Panel considered it reasonable to expect that the matrix, in which or on which the pesticide

_enters the body via ingestion, will alter and undoubtedly reduce the toxic effect. This is the
reason why animals are fasted in the standardized acute toxicity test (LDso) and only a cartier or
vehicle is used if necessary for accurately administering the pesticide. Data from FMC’s tests

- with bobwhite and mallards indicated a 2-4X reduction in the toxicity of the pesticide. This was
reflected as a shift of the dose response curve to the right and potentially a reduction in the slope
of the dose response curve. Unfortunately, as in the case of the food avoidance study, measures
of interspecies variation in response were not available, increasing uncertainty as to how to
incorporate the results into the Agency’s models. Simulations by the Agency suggested that
matrix effects on model outputs can be significant and that this “effect” needs to be evaluated
further. '
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From a “big picture” scientific perspective, the Panel believed that it would be interesting to
explore this issue across pesticides to allow consideration of differences between chemistries and
to examine relations with physical-chemical properties.

ii. Given the limitations in the food matrix studies, did EPA employ a technically sound
approach to use the data from these studies as inputs to the TIM v.1 and v.2.1 model to evaluate
the potential for food matrix effects to alter mortality risk estimates? Please provide a basis for
your conclusions. '

Panel Response

The Panel stated that the Agency’s approach had technical merit given the available data, even
though the data generated by FMC did not constitute a full dose-response study. Recognizing
that feeding preferences could be linked to food preferences, ideally, a full dose response
relationship should be used to account for differences in toxicity rather than multiplying the
central tendency (i.e. the LDsg) by a simple factor. The approach used by EPA assumed that the
slope of the dose-response relationship(s) remained the same throughout the study and that a
simple shift along the x-axis of the overall dose-curve accounted for the effects of food matrix on
toxicity. Given the link between food preference and food matrix, the driving factor in the
choice of approach both for testing and for modeling should be the feeding biology of the focal
species in question. ' :

The Panel also concurred with the Agency’s observation that species sensitivity is an important
factor to be considered when considering potential for effects across the range of species that can
be exposed. Given these considerations, the Panel supported both conclusions of the Agency to
recognize both the potential importance of matrix effects on exposure and that these data were
not suitable for use in risk assessment at this time.

2c. Estimates of Carbofuran Acetylcholinesterase Recovery Kinetics.

The PRA presented in the 2006 Reregistration Eligibility Science Chapter for Carbofuran,
Environmental Fate and Effects Chapter, used whole bird elimination rates of carbofuran to
estimate carry-over exposure, and its contribution to potential effects, between model time steps.
The 2001 SAP suggested that compounds with well characterized modes of action might also be
assessed on the basis of a target site clearance or using some biomarker indicating toxic activity.
In April 2007, FMC submitted data on acetylcholinesterase (AChE) inhibition and recovery that
purported to provide recovery estimates based on carbofuran’s known mode of action (MRID
47107601). EPA has reviewed this study (reference document D347778) and found that results
are consistent with carbofuran’s known mode of action and recovery kinetics. However, at the
highest dose, avian mortality was observed and, moreover, surviving birds did not reach full
ACHhE recovery. For these reasons, EPA believes there is still uncertainty regarding recovery
‘kinetics for birds receiving higher exposures to carbofuran. In order to account for the potential
impact of these uncertainties on risk conclusions, the highest estimated AChE recovery half-life
was used as an input in EPA’s PRA model (reference document D347916).
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i Do you concur with the Agency’s conclusions regarding the AChE inhibition and
recovery data provided? Please provide a basis for your conclusions.

Panel Response

The Panel agreed that the study was technically sound and provided an excellent description of
carbofuran inhibited brain AChE recovery for young, fully grown northern bobwhite with the
exception that the study design did not allow for a full recovery of AChE at all dose levels. One
Panel member noted that the data set was excessive for the purpose of the study, as the same
result likely could have been achieved with as few as 40 or 80 birds (e.g. 10 sample periods x 4
dosages (including control) x 1 bird per sex at each sample period = 80 birds total).

Many studies have indicated that brain AChE was inseparable for male and female adult non-
breeding northern bobwhite and it was further noted that these data might have been available in
scientific literature during the time these data were being generated. In the future, better use -
should be made of previously generated data. The Panel also suggested that it would be useful to
determine if there was a difference between the sexes in recovery of carbofuran inhibited brain

. AChE given the ample brain AChE data set that was generated for both sexes of adult non-
breeding northern bobwhite, but that unless the photoperiod was lengthened to induce
reproductive conditions, there would be little point in attempting to separate the sexes. One Panel
member noted that the pattern of AChE recovery in this avian study was consistent with recovery
of AChE found in fish studies (Zinkl et al., 1991; Grue, unpubl. data).

The Panel had concerns that during the recovery phase behavioral responses were not
considered. It is well established that birds and mammals with AChE inhibited by 40 to 60%
may suffer overt behavioral effects (Grue et al., 2002) and that these effects may occur during
recovery while enzyme inhibition is at these levels. In the wild, the altered ability to react could
increase secondary effects such as susceptibility to predation or weather conditions.
Additionally, dependent young of the affected parents could be at risk.

The Panel also noted that the study design did not allow for the full recovery of AChE at all dose
levels. In order to estimate the recovery kinetics with appropriate precision, it is necessary to
establish approaches to develop appropriate time frames for study durations and sampling
intervals through range finding studies or from existing data for birds and other animals.

i. Given the limitations in the AChE inhibition and recovery studies, did EPA employ a
technically sound approach to use the data from these studies as carbofuran carry-over
exposure estimates in the TIM v.1 andv.2.1 models to evaluate the potential for
alternative mortality risk estimates? Please provide a basis for your conclusions.
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Panel Response

The Agency used a technically sound approach for inclusion of AChE inhibition and recovery in
the TIM v.1 and v.2.1 models; however, several Panel members noted that the assumption of
first order kinetics should be re-examined in light of the relationship between dose and half-life
as determined by both FMC and Agency. The kinetic analyses of AChE recovery data indicated
a zero-order process at the 3.0 mg/kg dose and first-order process at lower doses. Since
elimination rates were not identical and varied with dose, no true first order half-life existed. It
was stated by one Panel member that the inclusion of zero-order kinetics in the models should be
relatively simple. Another Panel member suggested an alternate approach would be to consider
the use of Physiologically Based Pharmacokinetic (PBPK) Modeling. '

With respect to the recovery of AChE levels to control levels, the Panel pointed out that recovery
might occur more quickly during a feeding hiatus. One Panel member noted that the EDs, for
brain AChE activity was not indicative of mortality, but if a dead animal has its brain AChE
inhibited by at least 50 percent, then the death could be attributed to exposure to AChE
depressing agents.

2d. Quantitative Results of New Data

The Agency has presented individual and combined impacts of the new datasets on avian acute
mortality predictions in and around a carbofuran-treated use site, using the TIM framework. EPA
believes that the new data do provide a limited means to further quantify the range of possible
risk estimates based on different model inputs or assumptions concerning avoidance of
carbofuran-treated feed, toxicity of carbofuran in different feed matrices, and carbofuran carry-
over exposure between feeding events. However, the results of additional probabilistic modeling,
- using the TIM framework, with incorporation of the newly submitted data produce mortality
estimates to birds that are comparable to those reported in the Agency’s 2006 Reregistration
Eligibility Science Chapter for Carbofuran, Environmental Fate and Effects Chapter and do not
alter EPA’s avian risk conclusions.

Does the SAP agree that these new data when considered together do not significantly alter the
Agency’s overall probabilistic estimates of carbofuran’s risk of mortality to avian species in and

- around a carbofuran-treated use site? Please provide a basis for your conclusions.

Panel Response

“Although beneficial, the additional data developed by FMC provided limited fesolution to
previously identified SAP concerns. The data were limited for a number of reasons and from a
scientific perspective, there were concerns expressed by the Panel that the data were not
representative of the wide range of species that could be affected. Given the limitations of the
data, integrating the results into the model was problematic. Furthermore, interactions among
these metrics and those already in the model are currently undefined. Given the limitations of
the data and the use of FMC’s results as a point of departure to do a “what if” analysis, inclusion
of this information by the Agency in the models provided useful insight into how risk may vary
in relation to the specific issues addressed. With these caveats, the Panel’s conclusion was that
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the risk estimates based on these models and the scenarios used were not significantly altered by
the addition of new data.

The Agency’s analysis of each of the studies independently was appropriate. However, some
Panel members did not think the aggregate approach where EPA changed all of the variables
simultaneously was justified. The Panel believed that EPA was correct in considering the
implications of the AChE inhibition recovery study and the food matrix studies. Whatever the
limitations of each study individually were, additional questions were raised when their results
were used together. Therefore, incorporation of these data in an aggregate into any model may
not be warranted. ’

The Panel accepted the assumption of the importance of food matrix on toxicology; however,
other variables based on aqueous bolus dose methods, including the recent AChE recovery study
and “gorge” dosing should be reexamined. There were no data to evaluate the validity of
applying both the correction from the food matrix study and the AChE recovery data to a single
model and the results of the food matrix study suggested that this may not be a reasonable
approach. Specifically, the fact that the time to onset of symptoms was longer with the food dose
approach suggests that the time course of AChE inhibition might actually be longer than
assumed. Likewise the study noted that the recovery of birds that did not die could take more
than seven hours, which indicates that delayed AChE recovery with this dosing method is a
plausible hypothesis. Similarly, the uncertain effect of the gorge-feeding scenario of the matrix
study needs to be considered. According to FMC’s LiquidPARAM model, up to 50% of the
daily intake may, or may not, be replicated in a study where birds are provided small doses of -
food over a long period rather than a single “gorge” dose.

The Panel noted throughout the discussions that from an ecological perspective, dose response
effects should be studied in multiple avian species to develop a better understanding of how
laboratory results relate to possible responses under field conditions. The Panel also suggested
that EPA consider the formation of one or more task forces to help pool existing data to
overcome current data limitations, especially if the Agency wished to further examine the field
use and foraging behavior of birds.

Additional comments related to modeling

Various members of the Panel had additional comments related to the models, their structure and
their ecological relevance. These additional comments are summarized below.

The Panel stated that the LiquidPARAM model builds on the TIM1.0 model and includes many
of the recommendations made by the 2001 and 2004 SAPs. FMC indicated that the
LiquidPARAM model] had been created and reviewed by their panel of technical experts;
however, the model structure and parameterization had not, as yet, been made public and had not
undergone a public peer review process, such as the SAP. Such peer review would greatly
enhance understanding of the LiquidPARAM model and its results.

The Panelr believed that their reviews of the most recent versions of both the TIM and
LiquidPARAM models were limited in that they did not have the modeling code for either of the
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models available for their evaluation. Consequently, the Panel’s conclusions were based solely
on the materials provided by the EPA and FMC, namely, the respective analyses and modeling
results, descriptions of their model structure, as well as the Panel’s own evaluation of the more
recent data.

Avian feeding behavior remains one of the key uncertainties in both the TIM and LiquidPARAM
models. The 2004 SAP noted, “Adult altricial birds that are provisioning nestlings most likely
would have a more uniform feeding distribution throughout the day.” This is a reasonable and
testable hypothesis. Reviews of studies of the rate at which adult passerines deliver food to their
dependent young is a reasonable basis for proposing an initial hypothesis that adults themselves
feed at an even rate through the day, which is the assumption employed in the LiquidPARAM
model. However, relying on feeding rates, derived from adult passerines using central place
foraging to feed dependent non-mobile nestlings to conclude that the adults’ intake of food is
constant over the course of a day, assumes that adult eating follows the same pattern as that of
their rapidly growing young. This assumption is critical for the TIM and LiquidPARAM
models and needs to be reexamined using a broader range of published studies.

Feeding patterns can vary widely. While the smallest birds, such as hummingbirds, need to eat
frequently, the birds most likely to be exposed on carbofuran-treated fields are at least an order
of magnitude larger and can easily go several hours between feeding bouts. This has been
demonstrated by the ability of birds to spend hours migrating without eating, or fasting during
long winter nights when energy demands for thermoregulation can approach the demands on
parents feeding dependent young. -

Work on captive passermes shows that some birds do exhlblt a diurnal pattern in feeding with
peaks in the morning and evening (Polo and Bautista, 2006). In addition, at least some time
budget studies of wild passerines show that birds do exhibit a temporal pattern of feeding over
the course of the day, with feeding peaks in the morning and in the evening (Morton 1967,
Verbeek, 1972; Hutto, 1981). These temporal variations in feeding patterns likely apply to non-
passerines as well (e.g., doves and shorebirds) (Losito et al., 1990).

Based on these and other studies, it is plausible that the feeding patterns for wild birds show
temporal variability during relevant times of the year when they might be exposed to pesticides
such as carbofuran. The Panel noted that it was important to consider all phases of avian feeding
cycles to assess exposure. This includes, at a minimum, feeding over the course of a day for the
nestling phase, migration, premigratory fattening, and other periods when they are not feeding
dependent young. For many small passerines such as dickcissels (known to use fields on which
carbofuran may be applied), the nestling phase lasts around 10 days, leaving ample time for other
behavior patterns. Based on the uncertain and variable behavior of avian foraging patterns, the
Panel commends the EPA’s model for paying attention to previous SAP recommendatlons that
the feeding pattern assumed in models needs to be flexible.

In addition, the Panel recommended that the assumptions about movement patterns of feeding
birds should be re-examined and should not assume central place foraging for all life history
stages. Even if the assumption that adults are constantly feeding their young is accepted, this
period can be short at both the species and individual level. During the rest of the spring and
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summer season, their foraging patterns may vary greatly by either foraging in one place for long
periods or ranging widely in search of food. The feeding pattern assumptions used in
LiquidPARAM could be used to model risks to the nestlings that are being fed, but it should be
noted that this would introduce additional uncertainty into the modeling regarding the sensitivity
of developing altricial birds to pesticides. Data from precocial species, such as mallards and
quail, would not be acceptable for this purpose. For adults, it is a reasonable assumption that
consumption patterns of adult birds more closely mimic the pattern used in the TIM modeling.

The Panel had several recommendations with respect to presentation of the TIM models and -
results: ”

1) Modeling results should capture the numerical (percentage) changes between TIM1.0 and
TIM2.1 run on the same scenarios. The percentage change in results should be related to
the degree of change that would result in a change to the risk conclusions. Expanding this
tabular comparison to include LiquidPARAM would be beneficial.

2) Modeling results should capture the numerical (percentage) changes in model runs
attributable to modified inputs based on most recent FMC data. Expandlng this tabular
comparison to include LiquidPARAM would be beneficial.

3) Modeling results should increase the transparency of the model development process by
listing the parameters used in both models side-by-side, identifying which are fixed,
which vary (with distribution types), and what assumptions changed between model
versions. Expanding this tabular comparison to include LiquidPARAM would be
beneficial.

4)  Modeling results should include error/uncertainty metrics as a standard component of all
model output associated with risk estimates produced by TIM1.0 and TIM2.1 model runs.
Expanding this to include LiquidPARAM would be beneficial.

5) Modeling results should consider modifying the TIM model or implementing it in a
manner to evaluate both food-based and water-based pathways independently; total
exposure/risk would then be the sum of both water-based and diet-based exposure. Such
an approach would be consistent with the differences in bioavailability between the two
media-based exposure pathways.

6) Multiple models should be developed and implemented to address different aspects of
pesticide exposure and risk as part of a robust modeling framework. These models would
address different aspects of exposure and risk and would include both spatially explicit

- models as well as population models. Spatially explicit models would assist in the
integration of variability in spatial distribution of residues, habitat availability, and
exploitation by potentially exposed receptors (e.g. Spatially Explicit Exposure Model
(SEEM, U. S. Army Center for Health Promotion and Preventive Medicine (CHPPM)

- lab). Population models would allow investigation of the implications of differential
mortality and reproductive strategies by species in response to pesticide exposure (e.g.
Leslie matrix models). Application of population models would help address the percent
effects that a given species would be able to support, while still maintaining viable
populations. Using multiple models, with complimentary strengths and weaknesses,
would be beneficial and could be used as a component of the weight of evidence
evaluation.
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3. Interpretatioh of Incident Reports.

Since 2000, the Agency has observed a decrease in the number of reported wildlife incidents for
pesticides as a whole based on data in the Agency’s Ecological Incident Information System
(EIIS 2.0). This decline corresponds to a decline in State-sponsored wildlife incident monitoring
programs (Avian Incident Monitoring System, Final Report). Incidents associated with
carbofuran also have followed this trend, with a decrease in the number of wildlife incidents
reported in the last several years.

Please comment on the Agency'’s conclusion that the decrease in recent reported wildlife
mortality incidents associated with carbofuran is likely related to an associated reduction in
monitoring and/or reporting and does not provide affirmative evidence that the use of
carbofuran, as currently registered, does not continue to cause a risk to wildlife, speczf cally
birds. Please provide a basis for your conclusions. '

Panel Response

The question posed by the Agency incorporates two components: 1) whether the apparent

- decline in reported incidents is evidence for a decline in actual mortality events, and 2) whether
the apparent decline is “likely related to an associated reduction in monitoring and/or reporting.”
The Panel generally agreed that monitoring systems are extremely valuable. The incidence
databases, however, were not designed for nor were they appropriate for evaluating the absolute
numbers of 1n01dence or birds killed.

Only a small portion of bird mortality will be reflected as incidents in the databases because -
there is a long chain of events that must occur for bird mortality to be reported as an incident.
There was no way for the Panel to quantify the probability or uncertainty of any of these events.
These events appear to be biased towards larger birds and events that kill large numbers of birds
in one event, and as such, the Panel concluded that the events were useful only in providing
evidence that bird mortality associated with carbofuran use does occur. The Panel was in general
agreement with the Agency that the incident data were insufficient to demonstrate that -
carbofuran no longer poses risk to birds. Given the unknowns about the chain of events leading
up to incidences being reported, the databases presented are not capable of showmg the lack of
mortality, only the presence of mortality.

The Panel did not agree with the Agency on the second part of the question, i.e., whether the
likely cause of the apparent decline was due to changes in reporting. The Agency’s conclusion

~ from interpreting incident reports is confounded by at least three factors that may account for the
observed decline in incident reports of bird deaths: 1) a reduction in the use of carbofuran
resulting from label changes and improved stewardship, (2) a reduction in state monitoring
efforts due to funding limitations, and (3) a change in the regulatory requirements under FIFRA
6(a)(2) for the reporting of incidents by registrants. Each of these factors was discussed in the
Agency’s supporting documents and presented to the SAP. The Agency dismissed the
possibility that the reduction in reported incidents may have resulted from changes in carbofuran
label in 1998 and associated improvement in product stewardship. This rejection was based, in
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