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Notice

These meeting minutes have been written as part of the 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 mentlon 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 Steven Knott, SAP Designated Federal Official, via e-mail at
knott.steven@epa.gov. '

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

The FIFRA Scientific Advisory Panel (SAP) has completed its review of EPA/ORD/NERL’s
SHEDS-Multimedia Model, aggregate version 3. Advance notice of the SAP meeting was
published in the Federal Register on May 16, 2007. The review was conducted in an open panel
meeting August 14 — 15, 2007 held in Arlington, Virginia. Dr. Steven Heeringa chaired the
meeting. Steven Knott served as the Designated Federal Official.

The purpose of this review was to request input from the SAP on EPA/ORD/NERL's Stochastic
Human Exposure-and Dose Simulation for Multimedia, Multipathway Pollutants (SHEDS-
Multimedia; also referred to.in this document as SHEDS), aggregate version 3 model. SHEDS-
Multimedia version 3 is a state-of-the-science computer model for simulating human exposures
to multimedia, multipathway environmental pollutants including pesticides. It is a physically-
based, probabilistic model that predicts, for user-specified population cohorts, exposures '
incurred via eating contaminated foods or drinking water, inhaling contaminated air, touching
contaminated surface residues, and ingesting residues from hand- to-mouth or object- to-mouth
activities. To do this, it combines information on chemical usage, human activity data (e.g.,
from Consolidated Human Activity Database (CHAD) time/activity diary surveys and

- videography studies), environmental residues and concentrations, and exposure factors to
generate time series of exposure for simulated individuals. One-stage or two-stage Monte Carlo
simulation is used to produce distributions of exposures for various population cohorts (e.g.,
age/gender groups) that reflect the variability and/or uncertainty in the input parameters. While
the core of SHEDS-Multimedia is the concentration-to-exposure module, there are various
options (built-in source-to-concentration module; user-entered time series from other models or
field study measurements) for obtaining concentration inputs, and SHEDS-Multimedia exposure
outputs can be used as inputs to PBPK models.

Finally, the SHEDS-Multimedia version 3 single chemical model can address many useful
aspects of aggregate and cumulative risk assessment, related to population aggregate exposures
for different multimedia chemicals and the important contributing pathways and factors. Such
information will be useful in identifying populations and exposure scenarios of greatest concern
for different classes of chemicals. These populations and exposure scenarios will in turn be used
to determine the most relevant chemical (e.g., pyrethroid) combinations for which
hazard/exposure factors information will need further development in order to support a PBPK
dose modeling approach. EPA plans to extend the current single chemical aggregate version of
SHEDS to a cumulative version. The cumulative version of SHEDS will be used to estimate
exposure resulting from cumulative exposure to pyrethroid pesticides. At this meeting, the
FIFRA SAP was asked to review the following: The dietary module of SHEDS version 3; the
residential module of SHEDS version 3; and planned methodologies for extending SHEDS-

- Multimedia version 3 (aggregate) to SHEDS-Multimedia version 4 (cumulative).

Review of the dietary module included the methodology and model evaluation. Review of the
residential module included the SAS code, graphic user interface (GUI), Technical Manual, and
User Guide. Review of the planned methodologies to extend the single chemical aggregate
version of SHEDS (version 3) to the cumulative version (version 4) included: algorithms for
multiple chemicals and co-occurrence; fugacity-based module for residential concentration
predictions; new methodologies for enhanced longitudinal activity diary simulation; Sobol
methodology for enhanced sensitivity analyses; planned approach for combining residential and



dietary modules; and planned coding and GUI changes for version 4. The Panel members were
not asked to review chemical-specific inputs or evaluate outputs at this SAP meeting.

Tina Levine, Ph.D., Director of the Health Effects Division in the Office of Pesticide
Programs, provided opening remarks at the meeting. The agenda for this SAP meeting included
an introduction of the issues under consideration provided by Dana Vogel, Health Effects
Division, Office of Pesticide Programs, EPA. Presentations of technical background materials
were provided by Valeria Zartarian, Ph.D. and Jianping Xue, M.D., National Exposure Research
Laboratory, Office of Research and Development, EPA and Steven Nako, Ph.D., Health Effects
Division, Office of Pesticide Programs, EPA.

/



PUBLIC COMMENTERS

Oral statements were presented by:

Iain D. Kelly, Ph.D. , Jennifer L Lantz, Ph.D., Gary J. Mihlan, Ph. D , Bruce M. Young, Ph.D., on
behalf of Bayer CropSc1ence ,

" Weritten statements were provided by:

Iain D. Kelly, Ph.D., J enmfer L. Lantz, Ph.D., Gary J. Mihlan, Ph.D., Bruce M. Young, Ph.D., on
behalf of Bayer CropSc1ence



SUMMARY OF PANEL DISCUSSION AND RECOMMENDATiONS

Overall the Panel was impressed with the current version of the SHEDS model and future plans
for the model. It was developed with good quality assurance, incorporating suggestions from
earlier Panels. The majority of the Panel had no difficulty loading and running the program.
The GUI is helpful and straightforward, but most Panel members felt it could be improved by
adding context specific information that is clearly available at all times. One of the major issues
with using the program is that it places great responsibility on the user to make sure that the
values used for inputs are logical. The Panel suggested a number of proposed features that could
alleviate this issue.

The Panel had a number of recommendations for future revisions of the model. The Panel noted
aneed for clearer instructions on run times, and it is important that units of input variables be
displayed because specification of units fosters better user understanding. Future versions of the
‘model need to: 1) provide a case study data set to help orient the user and promote understanding
of model features and outputs; 2) improve dermal exposure algorithms; 3) implement the
tracking of both pesticide residues and relevant environmental media; 4) develop and use
standard populations for the dietary analysis; and 5) improve methods for dealing with
correlation and parameterization of variables. Moreover, the Agency needs to clearly state the
criteria and goals that will be used to evaluate the outputs of model sensitivity and uncertainty -

“analyses, and provide tools for repeatmg or reenacting simulations to perform model quality
assurance.

The Panel members believe that the model algorithms appear to be technically correct, with the
caveat that it is impractical to perform a line-by-line review and verify technical correctness of-
the model code. The Panel members agree that the code is clear enough that the algorithms can
be easily followed. Adequate and well described commenting in the code (about 30% comment
lines out of a total of about 8500 lines of SAS code), along with a logical organization, are the
positive features of the code. Logical separation of data and code, a sound practice, has been
followed in the SHEDS development process. However, the namlng of the variables within the
SHEDS code can be significantly 1mproved

The Panel had a number of suggestions on the organization, clarity, completeness, and usefulness
‘of the model manuals. In general, the Panel felt that the audience and scope should be more
clearly defined, and that the case study presented in the manual needs to illustrate the strengths
and limitations of the model. Both the User Guide and the Technical Manual have important,
different functions, and the documents should reflect this difference. The User Guide has the
primary task to inform users about installing and running the model and walking them through -
common tasks, while the Technical Manual presents the details. Given the centrality of the
CHAD diaries and human activities for developing model runs, it is important that these data be
presented in a clear, illustrative, and concise manner. '
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The Panel felt that the logic of extending the application of SHEDS from single to multiple
chemical assessments is plausible and warranted. However the nature of such proposed work
would be complex, time and resource consuming, and the process itself may pose significant
challenges. The Panel expressed several concerns about the planned methodology. Although the
move from aggregate to cumulative involves relatively few changes to the code, model structure,
and interface, there are a number of challenges inherent in doing so. The Panel focused its
comments on issues associated with tracking of mass of media and chemical, product co-
occurrence, pesticide metabolites, programmmg issues, scenarios, database representativeness
and absorption and bioavailability.

" The Panel was asked to comment on a number of technical issues associated with proposed

- improvements to SHEDS. In general, the Panel felt that often there was insufficient information -
provided to make a sound decision because the overall effect of proposed changes was unclear.

- The Panel agrees that chemical redistribution following residential pesticide application is
scientifically well established and that the fugacity approach is an appropriate method for
addressing this phenomenon. The Panel believes that the fugacity approach is well suited to
treatment of multiple chemicals and is therefore compatible with other development goals for
SHEDS, but the Panel had less unanimity about whether the fugacity option would provide more
useful results than approaches currently used in the model. The Panel expressed a desire to see
example calculations and sensitivity analyses that illustrate the performance of the fugacity-
based approach. The Panel notes that EPA proposes to evaluate the fugacity module using _
chemical transport data from a 1-house study. While this is a reasonable place to start, the Panel
encourages more extensive testing including application to cases in which both env1ronmenta1
data and blomomtormg data are avallable

The Panel believes that the concept behind the new longitudinal diary assembly method
proposed by the Agency has scientific merit, and the technical aspects of the proposed method
based on the D-statistic and 1-day lag autocorrelation is sound. However, the application of this
method for predicting aggregate human exposures to environmental chemicals may be somewhat
limited. This is particularly true for activities that may lead to potential exposures that are either
difficult or implausible to track as continuous key variables. For example, the D-statistic may be
useful for tracking exposures over time when intake rates are constant and highly correlated, but
less useful for simulating exposures that may be highly variable and/or dependent on multiple
factors, such as the frequency of hand contact on a contaminated surface.

The Panel believes that it is likely that the current activity database (CHAD) may not contain
enough diaries to allow random draws using the new longitudinal diary assembly method and
several members raised concerns about the representativeness of the US population in the CHAD
dataset. Since a significant number of CHAD diaries were excluded for various reasons, further
proposed decisions that reduce an already small dataset might be problematic for accurately
determining the within-subject variation. Furthermore, as stated in the documentation, two of the
most important pieces of information, chemical usage patterns and contact possibilities, are not
“included in the diary database. These concerns dampened the enthusiasm of the Panel for
implementing this new longitudinal diary assembly method in the upcoming revision of SHEDS.
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The Panel concurs that including a lag autocorrelation function (currently set at 1-day) would be
necessary to eliminate repetitive activities from the longitudinal diaries that are likely unrealistic.
However, the Panel suggests that the Agency’s efforts should focus on behaviors relevant to
potential residential pesticide use, such as frequency of gardening activity. The use of realistic
and well documented scenarios in the model is, in the Panel’s judgment, as high or higher in
priority as further refinement of the diary assembly and autocorrelation methods. For the explicit
purpose of estimating the individual and population exposures, it may be more constructive for
SHEDS 4 to suggest defaults for key variables and allow for deviation from these defaults as
needed by informed users to display the strengths and limitations of the future versions of the
model.

The Panel was divided on the utility of Sobol’s method, and wondered whether the new
sensitivity analysis method is needed. Several Panel members expressed concein that the
required number of simulations for sensitivity analysis appeared to be very low. The Agency’s
view that a single sensitivity run can be considered to represent multiple “individual-days” of
simulations is not correct, because a single variability run will ultimately produce a single
population metric (e.g., the 95 percentile for population exposures). It appears that the
proposed use of Sobol’s method will allow the computation of “local sensitivity,” without
addressing the corresponding uncertainty. Global sensitivity analysis, on the other hand, allows
the estimation of sensitivity as well as uncertainty, and thus would be a preferred approach.

The Panel was not comfortable choosing from the list of proposed future model features as a
dialogue with the developers is needed to better inform the Agency’s priorities. As a starting
point, the Panel felt that the developers should do what is simple and doesn’t involve a major
reorganization of the code. Most Panel members thought that PBPK modules should not be a
high priority, but that the output of SHEDS runs should be available for PBPK modules. The
Panel felt that the Agency should get more experience with the application of this model before
getting into a major reorganization of the code. It is important that the developers anticipate
future data sets, especially longitudinal, and try to keep the code scalable. Autocorrelation can
have an important effect on the tails of the exposure distributions. Anything that helps the user
understand uncertainty and variability is important. Several Panel members emphasized that
improved graphics were important for wide model comprehension and acceptance. They also
felt it was useful to add utilities to make the ' model more accessible and useful, e.g., code to
review input values and note extreme or illogical combinations, or a script generator to run
designed experiments on the model.

Regarding the Agency’s inquiry about decision rules for dietary exposure, the Panel noted that

the document did not include a clear list of rules for review. A decision diagram or flow chart is
needed to allow for substantive critical review. As for setting rules for assigning residue levels,
the Panel was in general agreement that simple rules have the advantage over complex rules for
having clarity, uniformity of application, and transparency in operation.
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The Panel believes that SHEDS should incorporate the timing of eating occasions in dietary
exposure assessments, either by assigning the same or different residue to foods consumed on
multiple eating occasions. The majority of the Panel believed that it is not sufficient to construct -
the longitudinal dietary consumption patterns based on the 8-day eating occasions. Recent
research suggests that a longitudinal dietary survey (a minimum of 6 consecutive days’ dietary
consumption in each of the 4 seasons) would be adequate to be representative of a one-year
dietary consumption pattern at the individual level and would offer substantial improvements for
assessing dietary exposures compared to standard cross-sectional study design with repeated
sampling, i.e., the approach currently used in SHEDS. The Panel recommends that the Agency
should conduct analysis similar to those already performed with subsets of the CHAD database,
to see if the pattern of D-statistic may be useful for longitudinal implementation. The Panel
generally agreed that significant value would likely be added to-the SHEDS model by collecting
longitudinal dietary consumption, as well as individual behaviot/activity data, particularly
activities at the microenvironment level from a small group of study participants stratified by age
and gender. As with the CHAD database, some Panel members raised concern about the
representativeness and reliability of the data for the current US population.

With the Bayer DWCS water consumption data, EPA has the opportunity to change and possibly
improve the drinking water model in SHEDS. The current SHEDS approach is to assign each
individual a total amount of water consumed each day according to the daily water consumption
amounts in the Continuing Survey of Food Intake by Individuals (CSFII) diaries and then
distribute this amount in six equal amounts to six time points spread evenly through the day. The
data from DWCS could be used to either assign new total daily consumption amounts, use the
drinking events data to create new allocations patterns throughout the day or both.

In attempting to answer this question regarding the Bayer data, the Panel raised questions of its
own, detailed in the report, and noted that the summary of the analysis made available to the
Panel indicated that the approach currently implemented in SHEDS appears to be representative.
A number of Panel members wondered if the DWCS database was properly weighted to produce
population relevant information. In particular, there is the potential for bias in study results
because of the low response rate and high proportion of incomplete diaries. An attempt should
~ be made to compute sampling weights to better match study results with the demographics of the
US population. '

The Panel noted that exposure from drinking water sources is a very small fraction of total
exposure in many cases, and some Panel members felt that because of its low contribution to
total exposure, further drinking water consumption modeling would not noticeably change model
results. Other Panel members felt that in some exposure scenarios the contribution from
drinking water could represent a large fraction of total exposure and in those cases different
water allocation models could produce quite different results. The importance of water
consumption will depend on'the type of chemical and the likelihood of that chemical entering the
drinking water supply, and further analysis by-the Agency is needed to demonstrate the need for
significant work on this issue. A more substantive scientific issue noted by the Panel was the -
assumption in SHEDS that all water consumed in one day has the same concentration, regardless
of source, a situation that is unlikely to be true given the diversity of sources of drinking water
for most Americans over the course of a day. Previous SAP consultations on this topic remarked
at the lack of adequate information on drinking water consumption patterns to properly analyze
the fraction of exposure from this source. A good portion of the Panel do not think that the issues
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related to exposure from drinking water sources are likely to be less in the future and suggest that
drinking water’s impact be examined i in more detail.

"The Panel was asked to comment on the uncertainty approach of daily dietary exposure
presented in the SHEDS Dietary Model The approach proposed creates limited CSFII person-
day datasets each containing a fraction of the full dataset and a fraction of the commodities-
containing-residues database. Exactly what was being proposed and how to interpret the results
were not uniformly clear to all Panel members. In general, those Panel members commentlng felt
that both the median tail spread and the median upper extreme percentile of the response
distribution were reasonable indices. Workmg with these indices and statistics (median and
upper percentiles of the 95/5 percentile ratio distributions), members of the Panel had

- suggestions for other analytical approaches for model uncertainty, noting that the uncertainty
estimates as presented involve four variables: the percentage of CSFII food consumption data
used (denoted p;), the percentage commodities used (denoted p,), the number of samples
generated in one run of the SHEDS model and from which the response disttibution was
constructed (referred to as b), and the number of SHEDS runs for the uncertainty analysis
(denoted as 7). The four methods noted by the Panel were: 1) measuring the impact of changes
to py; 2) post hoc power analysis; 3) inter- and intra-run variability; and 4) alternate indices. The
strengths and limitations of these approaches were outlined by the Panel, but without further
analysis the Panel cannot recommend one approach over another, but noted that all will likely
provide more useful information.

Finally, the Panel was asked to determine the extent to which region- and season- specific dietary
consumption amounts and patterns might be important in developing dietary exposure estimates.
The NHANES (National Health and Nutrition Examination Survey) database does not include
information on season nor region because of concerns over privacy, but food consumption likely
varies with season and from region to region. Panel members are not aware of any existing
statistical methods that might be directly used to determine the extent to which region- and
~ season- specific dietary consumption amounts and patterns might be important in developing
dietary exposure estimates. If different regions or different seasons would result in different -
exposure estimates, then the question is the utility of NHANES dietary consumption data given
- the lack of access to information on the season and region. Some Panel members suggested that -
it may be possible to generate region-specific.or season-specific food lists. A simple analysis of
variance (ANOVA) approach can be applied to generate region-specific commodity lists, and the
Panel described a method to generate season-specific food consumption lists.

There are other issues, such as fasting over night or over a period of 8 hours prior to reporting for
medical examination, associated with the NHANES protocols that would further limit the use in
SHEDS development. The Panel strongly recommends that the Agency should be involved in
the design stage for the future NHANES and other longitudinal studies to address missing
data/information issues for SHEDS.
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The limitations in access to seasonal and geographical information in NHANES data as well as
other limitations of these data discussed by the Panel initiated discussion of alternate sources of
data. The issue of the regional and seasonal differences can be addredsed through analyzing the
population and region- or season-stratified datasets, such as data from, for example, CSFII.
Using bootstrap methods, the percentiles of the exposure estimates can be computed for each
region, each season, and region and season combination. The 50, 95% and 99 percentiles can
be compared to evaluate the impact of regional and/or seasonal differences in diaries,
consumption, and exposure on the exposure estimates. :

PANEL DELIBERATIONS AND‘ RESPONSE TO CHARGE

The specific issues addressed by the Panel are keyed to the background documents references
and the charge questlons prov1ded by EPA. :

Issue 1: Documentation, completeness, and clarity of the technical aspects and usability

of the SHEDS-Multimedia version 3 (aggregate residential) model

Question 1-1:

a) Were Panel members able to load the software on to their computers? What, if any,
~ difficulties were encountered in loading or running the software?

The majority of the Panel had no difficulty loading and running the program. It is good that
administrator privileges were not required and all SHEDS files were placed in a convenient
location. The Panel recommends, however, that the prerequisite of SAS version 9.1.3 needs to
be clearly stated in the introduction and installation instructions up front. This information is
only found in the Users Manual after the introduction to the Demonstration Case Study.
Furthermore, it would be helpful to prov1de users with some idea as to run time expected in the
documentatlon

The Panel also noted that it is important that units of input variables were displayed on most, but
not all prompts. Units of input variables should be clearly stated in all cases because
specification of units is 1mportant to user understanding.

Some Panel members experienced complications because of the installation problems with SAS

- and the underlying Java Runtime Environment. One issue identified by one Panel member was
 that the current SHEDS installation program does not appear to check for SAS installation prior
to installing SHEDS. Subsequent installation of SAS (after installing SHEDS) does not help
SHEDS run. So, the SHEDS installation program should check for SAS and abort installation if
SAS is not installed. Panel members also noted a bug in the Installation Process: the batch file,
“multimedia.bat” in the installation folder, contains incorrect information on the installation
folder location, and hence does not run. It should be fixed with the correct folder location.

Cross-platform compatibility was one issue that the Panel felt should be addressed in future

iterations of the program. Since the SHEDS program is essentially a SAS program with a
selected set of parameters to be configured (e.g., just the paths to the main modules), and since
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no operating system specific commands are included in the underlying SAS code, it should be
straightforward to run the model on other platforms. Therefore, it may benefit users of other
operating systems if the installation package is also provided as a zip archive (i.e., the users can
then extract the folder and change the SAS invecation based on the requirements of their
operating system). This facilitates, with a minimal amount of effort, use of SHEDS on other
operating systems. Such a package could be provided through EPA’s fip servers.

It appears that the uninstall program simply removes the underlying SHEDS program and all the
simulations the user may have defined and run until that point. This should be clearly noted, and
the user should be provided detailed information and prompted about this step.

b) The SHEDS-Multimedia version 3 graphical user interface (GUI) was designed to be
user-friendly to exposure modelers and risk assessors. Please comment on the organization .
and usability of the GUI, any difficulties you encountered, which features and output
capabilities were most useful, and whether any additional options would be helpful. Please
also comment or offer suggestions for improving the GUl/model interface.

The GUI is helpful and straightforward, but most Panel members felt it could be improved by
adding context specific information clearly available at all times. One of the major issues with
the program is that it places great responsibility on the user to make sure that the inputs are
logical. The user can, for example, assume an exponential distribution for the value of a
parameter, with no suggestion that it has to be between 0 and 1. The Panel also felt that there
should be a more convenient way to see a summary of the inputs to facilitate checkmg that all
values are logical.

The Panel identified three major issues that should be addressed in future versions of the
software. First, the Panel felt that there was need for a substantive case study to guide novice
users, preferably using realistic data. Second, Panel members noted that there were many hard--
wired approaches in the model, and these need to be clearly identified in the program and the
manual and preferably open to adjustment by advanced users from within the program. Lastly,
Panel members expressed concerns about the quality of the graphics and plots generated by the

- program. Although this is a problem associated with SAS itself, providing systems and/or advice
to the user on methods to provide reasonable quality graphics and plots is important for
promoting SHEDS usage.

A novice user, without appropriate data sets, will have significant difficulty or be overwhelmed
by the number of inputs to provide, even for a simple case. This highlights the need for an
example case that will also allow users to make minor customizations and not have to develop a
case from scratch. One Panel member wanted to focus on modeling female subpopulations, and
then changed the inquiry to include both sexes, only to have the program lock up with no ability
to return to previous screens. Since there was no option to cancel, the user needed to restart
SAS. The user should be allowed to return to previous selections or the screen revised to include
a running output of the selections made. For example, it would be useful to be able to return to
the “specify exposure scenario details” screen easily from submenus.

Error checking and reporting need to be improved within the program in terms of the number of

simulations that can or should be run. At present the system allows the input of'an unreasonably
large number of individuals to simulate (on the order of 10*: higher numbers are reset to 10),
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without checking or reporting disk space or processing time requirements. Similarly the
specification of run names needs to be made more systematic. When a run name is not specified,
instead of a quick error message, the application goes to the next screen and provides a cryptic
error message. Later, a blank case is created. It is probably better to have a default such as
“untitled” following the conventions used in many applications.

When checking for errors (using the “Check for Errors” button), the application gave very

- cryptic messages such as: “deleted”, “library not found”, etc., and then finally reported “no errors
found.” The error messages are likely due to outputs of some underlying operations that do not
impact the specific case, so they should be appropriately filtered out. '

Additional major features that would be desirable for SHEDS are
1) the ability to specify alternative locations or folders for storing simulations;

2) the application should allow the user to specify different folders for storing simulations (this
will often be dictated by disk space constraints, etc.) and allow a user to organize simulations in
a hierarchical manner. A major advantage of this approach is that the previous simulations are
saved even when SHEDS is uninstalled;

3) the model documentation should clarify what is meant by some terminology within the -
program, for example: the use of terminology such as “Application Scenarios” versus “Run
Files” can be confusing;

4) the interface should include a “tool tip” for each menu item, which provides descriptive
information while being unobtrusive; and finally,

5) the application should include functional help buttons.

Desirable additional minor features noted by the Panel include having the “Run Name” shown
on the title bar of the pop-up windows at all stages. This is even more important in the context of
the following software bug noted by one Panel member: when the user asks to.overwrite an
existing run with the one he/she is editing, an error message is displayed (saying that the run
already exists), and the application loads up the existing old run. The user is not provided an
opportunity to force the change, and has to cancel the operation. However, upon canceling the
operation, the old run becomes the “current run”, and any further changes made will be reflected
in that run. Having the run name displayed prominently will alert the user right away.

¢) Please comment on the organization, clarity, completeness, and usefulness of the User
- Guide document and provide any suggestions for improvement.

The User Guide is clearly written, and easy to understand. Panel suggestions and
‘recommendations for improvement are listed below.

e The SAS log window will accumulate numerous unessential messages, so it might be '
useful to have a separate SHEDS window to show progress of a simulation.
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¢ Graphics quality is poor. It is very important that better graphics be included or allow
export of data to another program that can create legible black and white and color
graphics.- ' '

o The issue of truncation of distributions is important for the user to be able to review. The
program should warn the user when inappropriate values are selected.

e The overview of the SHEDS interface, shown in Figure 1 of the User Guide, is
inconsistent with the flow of the program.

e The installation documentation should provide information relevant to Windows Vista,
especially given that in a time frame of one or two years, a significant portion of the user
community may be using Vista.

¢ The minimum requirements for running SHEDS, as described in the User Guide, appear
unrealistically low (e.g., the actual requirements for Windows XP and SAS may actually
exceed the requirements described in the manual). The actual requirements for running
the model are unlikely to be met by most of the commonly used computers. Specifying
‘more realistic requirements for a “reasonable performance” or just specifying the
requirements as “a computer that runs SAS (version x)” are two possible alternatives.

e Sections should be numbered, and additional cross-referencing should be included,
including hyperlinks between the User Guide and Technical Manuals and a substantive
glossary.

o The captions for figures and tables in the User Guide should be more descriptive.

o The User Guide also should contain some of the technical details of the probability

-distributions (can be directly copied from the Technical Manual). As written, the manual
expects users to understand the type of distribution they are using.

o Other models developed by EPA and revised over the years have addressed many user
issues in a readable manner. A review of the IEUBK (Integrated Exposure Uptake
Biokinetic Model for Lead) interface and User Guide will address some of the challenges
faced by new users.

e “Specify Application Exposure Scenarios” does not include the option to add new
exposure scenarios relevant to pesticide application. The model should allow assessment
of non-standard application methods.

Question 1-2:

a) Please comment on whether the descriptions of specific model components are
scientifically sound and whether the algorithms described in the Technical Manual
represent the state of the science for performing exposure assessments. Please also
comment or offer suggestions for improving or modifying these algorithms or other aspects
of the model construct.

In general the model is scientifically sound and appears to represent the state-of-the-science, with
the notable exception of the dermal exposure analysis section, as discussed below. The larger
overlying issue is the quality and the transparency of “hard-wired” approaches within the model.’
The representation of some of these issues, e.g., hand to mouth contact, are in existing EPA
documents or peer-reviewed publications, but are largely invisible to the user and not clearly
identifiable without careful examination of the underlying SAS code. While it is not necessary
to present this data in the Technical Manual, several of the suggestions about the transparency of
processes and equations noted by the Pane] are important for understanding the functioning and

18



reasonableness of the model. Equations, units, and key decision points should be clearly stated
and, if needed, hyperlinked to important decision variables.

The Panel’s greatest concern was about dermal exposure analysis. SHEDS appears to use both
the transfer efficiency (TE) and transfer coefficient (TC) approaches in its assessments. The
Panel noted that, at present, the documentation appears to favor the use of the TE over TC
approach. The Panel urges use of a scientifically defensible approach to dermal exposure
estimation, and notes that the current state-of—the-practice of dermal modeling in the regulatory
sphere is weak. The SHEDS dermal protocol is regarded as state-of-the-practice, not-state-of—
the-science. The Panel noted that the TE approach is misnamed, as it does not represent
efficiency, has no inherent internal logic (it merely represents observed similarities), and cannot
incorporate different types of surfaces or those with varying degrees of contamination. As an
example, one Panel member noted that one oft-cited use of a TE approach (Gurunathan et al.,
1998) violates conservation of mass. Therefore, the Panel urges caution in use of this approach,
as it needs to be anchored with and compared to other relevant data, such as biomonitoring. A
joint EPA/Cal DPR/Health Canada document (presented at the January 2007 FIFRA SAP
meeting) compared observed biomarker levels to predictions based on dosimetry using data from
the Pesticide Handlers Exposure Database (PHED). Both under- and over-prediction of
biomarker results was reported. Chemical-specific analysis reveals that this outcome was not
random. Exposures were more likely to be under- or over-predicted depending upon the
particular chemical examined. For example, chlorpyrifos exposure was generally
underestimated. One likely explanation for at least a portion of the shortfall is the default
assumption of dermal absorption of 3% or less for chlorpyrifos, regardless of exposure
conditions. This estimate is based on studies conducted at high loadings that are likely not
relevant to low level, residential exposure scenarios. :

The Panel noted that the paragraph at the bottom of page 43 is incorrect in its assertions about
the rate of dermal transfer. Dermal absorption (at least in the sense of binding to stratum
corneum as opposed to systemic absorption) is not necessarily slow relative to diary events in the
context of residential exposure scenarios. For example, Fenske & Lu (1994) showed apparent
rapid uptake of chlorpyrifos at low skin loadings. Failure to account for dependence of
absorption efficiency on skin loading is a significant weakness of current practice. '

- The age grouping in SHEDS is slightly different from the dietary exposure analysis default
groups. Operationally, this may not be a major problem as long as it is possible for the user to
conduct model runs for a custom population of choice. However, since the apparent differences
in age cohort pooling has underlying emphasis that is specific to certain key parameters of
interest, it would help to include a brief explanation for the basis of the SHEDS specific age
cohort system. The same should be presented for dietary and water components when they are
added to the next version of SHEDS. For practicality, the Agency may want to consider
consolidating the two different age cohort systems, and informing the user of the rationale.

The current model construct allows only pair-wise correlations although more complex
multivariate dependencies may exist. The Panel noted that techniques of partial correlation
coefficients could be used to allow for multiple correlations. The system also could be
augmented by allowing default correlations such as low, medium, or high correlations.
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The Agency is encouraged to consider providing default shapes of continuous probability
distributions for user specified input parameters. The Agency scientists have invested substantial
effort in reviewing these data and appear to be in a good position for suggesting default '
distribution types, while still allowing the user to deviate from them. Having defaults has the

“advantage of more easily comparing different runs by different users, making the deviation from
defaults more readily identifiable and more transparent. '

The description of embedding a simple PK model on SHEDS version 3 was not sufficient to.
allow Panel members to make constructive comments. Estimated absorbed dose is an outcome
many would like to see as part of a SHEDS run. Panel members were aware that the Agency has
separate groups working on various PBPK models. Instead of developing their own simple
PBPK model specifically for SHEDS, the Panel recommended that the SHEDS development
staff keep abreast of developments by these other PBPK model teams with the idea of
integrating SHEDS with these PBPK models at some future point.

" Verifying the precision and accuracy of SHEDS predictions is not described in the materials
provided to the Panel for either version 3 or 4 of the model; except for the proposed sensitivity
and uncertainty analyses. The Panel felt that before implementing SHEDS or other models in
risk assessment, it is critical to understand how the model predicted values compare to the
reasonable range of exposures that can be measured in the general population, or in important
population sub-groups. SHEDS offers a very flexible platform for users to input variables and
parameters and other characteristics that will affect the outcomes of the simulations. Evaluating
predictions from SHEDS using exposure measurements is one exercise that will inform the
Agency about the accuracy and robustness of the model. Extremely wide or extremely narrow
distributions of predicted exposures compared to observed values are suggestive of problems
with the model that could lead to questions of its ultimate utility in describing a situation.

b) Please comment on the organization, clarity, completeness and usefulness of the
Technical Manual and provide any suggestions for improvement.

The Panel had a number of suggestions on the organization, clarity, completeness, and usefulness

- of the Technical Manual. In general the Panel felt that the audience and scope should be more
clearly defined sooner in the manual. The most important issue identified by the Panel was the
need for a comprehensive case study that would illustrate the strengths and limitations of the
model. : '

A second issue identified by the Panel was the need for a standard data set that could be used to
orient various model clients; users, reviewers, Agency risk managers, and stakeholders are all
important audiences, and a comprehensive example is important for explaining the utility of the
model as well as serving as a benchmark for evaluating future changes to SHEDS.

As part of these improvements, the manual needs an early statement as to what the user can and
cannot change in the model. A fuller description of the fixed inputs and decisions embedded in
the model is needed: particular datasets (e.g., CHAD, the contacts data base for dermal
exposure) need fuller explication to achieve user understanding and model transparency.
Because the manual lacks a description of the strength of the underlying datasets, risk assessors
have no way of estimating confidence in the output distributions. As the Agency does with
weight of evidence descriptors in toxicology studies and confidence qualifiers in IRIS, this
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would allow the assessor to understand whether exposure estimates are based on studies or
diaries that capture the characteristics of the exposure of the population or individuals being
evaluated. It also provides an understanding of data gaps and can be used to prioritize resources,
both human and financial.

Both the User Guide and the Technical Manual have important, different functions, and these

functions should be more clearly distinguished in future revisions. The User Guide has the

primary task to inform users about installing and running the model and walking them through

common uses. Given the centrality of the CHAD diaries and human activities for developing

" model runs, it would be extremely helpful if the User Guide presented a typical diary of one
weekday and one weekend day as part of the example case study. :

The Technical Manual has to serve as a detailed reference guide and should inform on technical
 issues associated with installing and running the program. It should address the limits of the
model, ways to avoid common mistakes and errors, the process of obtaining results, modification .
and extensions of the program; and interpretation of results. As presently constructed it has no
central logic in terms of variable names and definitions: the Panel noted that it would be useful
to have a central definitions list that consolidates this information in one location. The
document should provide a table detailing representative run times and disk space requirements
for a set of population and uncertainty run sizes. This can help in planning for a simulation
beforehand.

In general, the Panel felt that the description of CHAD data could be expanded and improved.
Although several criteria are listed in the manual, the following factors should also be considered
in the random selection of representative activity patterns for an individual: temperature, season,
and employment status. Some of the criteria for selecting activity diaries (e.g., diaries that have
non-zero sleep time) can be strengthened. For example, selecting a diary with “sleep > 0” is
reasonable for a short-term simulation. However, repetition of such a diary for an extended
period will likely result in unrealistic scenarios.

The Technical Manual should also list the intermediate files generated, provide relevant details
so that users can write scripts for assessing model correctness. Information on restarting a
simulation from an interrupted portion should also be provided. The Technical Manual should

. also provide details on weighting population based on the distribution in a simulated population
region (e.g., a county or a state), i.e., sufficient documentat1on should be provided for sampling
from “study specific” population characterlstlcs

A number of specific recommendations about particular pages in the manual are summarized by
the following bullets.

The Quality Assurance section should be moved to the end of the Technical Manual.

The captions for the figures and tables should be made more descriptive.

The descriptions of the probability distributions should be moved to an Appendix.
Numbering chapters and subchapters is strongly recommended to be used instead of the
current, unnumbered heading-based organization. Formulae should be presented using
mathematical notation; in contrast to the textual expansion of terms (e.g. F = ma versus
Force = Mass x Acceleration), especially for complex equations.. If common explanation
is thought to be necessary, an informal presentation could be added. The usage of some
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terms in the manuals differ slightly from their definition in statistical literature, e.g.,
interchangeable usage of the terms “variability distribution,” “probability distribution,”
and “probability vector.” These inconsistencies should be addressed.

e The manual addresses at several instances the issues of accuracy, e.g., when sampling
from a population and generating the population variability and then comparing the
center of the distribution of an exposure endpoint with the extremes of the distribution,
e.g.,.percentiles. A formal definition of accuracy would clarify the discussion of these -
issues. When addressing the charactcrizéltion of the variability distribution the Panel . -
noted that the population variability as an outcome of SHEDS is not different from the
variability of endpoints investigated in an empirical study (e.g., a large epidemiological

“study). In both cases principles of statistical data analysis have to be applied. The
document should refer to such general principles where possible. Similarly one may
require that the exposure modeler set up a study design in a sort of study protocol before
starting SHEDS for sensitivity and/or uncertainty analyses. This would then resolve some
of the fallacies discussed on page 76. It might be reasonable, to combine the two issues
identified in separate locations within the manual (on pages 47 and 75).

e The description of the probability vectors needs to be revised so that it covers also a
variable with only two discrete outcomes; i.e., a Bernoulli variable with one single
parameter p, the event probability, e.g., to parameterize existence of pet or lawn.

o The associated text on page 49 would benefit from more formal probabilistic and
statistical terminology. If the authors think that would be too formal, that part could be
moved to an appendix. Pages 51-54 on the distributions should go to an Appendix with
mathematical formulae for the distributions described in a formal mathematical type,
referring to the statistical literature, e.g., that of Johnson, et al. (1994, 1995, and 2004).

e On page 24 there are instances where no dust is contacted. The basis for this decision is
unclear: is it for model internal consistency or based on empirical data?

¢ The manual needs to clarify if and how the model addresses region-based seasonal
events, such as spring-time applications, in calculation of the annual exposures.

e There is insufficient description to determine how the calculation or estimation of
application rates is determined. The manual should clearly state if this is proprietary
information, and if so can they be updated over time with empirical data? Otherw1se the
information should be presented in detail. :

e Because this is a residential model, and because residents of multi-family dwelllngs have
less control over their pesticide applications, the model should consider a multi family
housing designation as a person level variable and address whether it is correlated with
other microenvironments or parameters. : ‘

e The Technical Manual and the User Guide provide a wealth of information and many
details on SHEDS' construction and structure, on the approaches used and on their
programming. One Panel member noted that the structural description of SAS
procedures as given in SAS Manuals could be a template for the description of the
various procedures of SHEDS.

Question 1-3:

a) Please comment on whether the annotated code is sufficiently clear such that the
algorithms can be followed and understood.
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b) Please also comment on whether these algorithms are technically correct and consistent
with the descriptions provided in the Technical Manual.

The Panel members agree that the code is clear enough and that the algorithms can be easily
followed. Adequate and well described commenting in the code (about 30% comment lines out
of a total of about 8500 lines of SAS code), along with a logical organization are the positive

. features of the code. Logical separation of data and code, a sound practice, has been followed in
the SHEDS development. The code base is of reasonably high quality, especially considering the
relatively low number of users that are likely to make changes.

Several suggestions have been made for further improvement in the code and documentation.

The need for even higher standards is based on the assumption that detailed external code

. reviews and adaptations by the general scientific community are desired for SHEDS, especially
given that there is an anticipated expansion of the number and types of chemicals, as well as the

user base. :

In terms of code readability, it is desirable to have adequate cross-referencing between the Users’
Guide, Technical Manual, GUI, and the actual code. This would allow a user to check the
underlying code for a given operation without reading the code file that contains multiple
modules. This can be accomplished by providing hyperlinks in the electronic versions of the
documents, and by providing the annotated code separately (e.g., in the form that can be easily
used in a “code browser”, or in the form of HTML with the comments as “tool tips™).
Furthermore, separating the utility modules from the core modules in the current SHEDS code is
relatively straightforward and recommended as this will enhance code readability. '

The naming of the variables within the SHEDS code can be significantly improved. Currently,
the code uses cryptic names such as washprob, absr_gr, absr_gm, bioavm, and bioavr, with
subtle changes in variable names for different quantities — this can potentially lead to difficult to
.notice errors. The code can be improved by providing more informative names, and through the
use of a “nested” or hierarchy of variables (e.g., through the use of objects/classes in SAS). The
variable naming can- also be improved by using a consistent naming scheme. For example, the
current version of the SHEDS code uses variables such as washprob, has lawn p,
timeofday indoor, and re-entry indoor, all denoting probabilities.

The code changes across different versions should be adequately documented. In fact, it is
desirable to have an archive of major versions of SHEDS available to interested researchers so
that they can use simple text differences between different versions of the SHEDS code or
individual modules. The technical documentation and code comments do not mention issues
regarding the backward compatibility of the current version with earlier versions, which is very
important. Add1t1ona11y, a bug tracking/reporting system is also desirable for users and '

- developers. :

The technical documentation or code comments should provide details on the intermediate
variables in the SHEDS simulations, and on how a user can enable these to be stored and
analyzed. Experienced users can then easily obtain summary statistics, improved visualizations,
and other desired outputs. '
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The Panel members believe that the algorithms appear to be technically correct, with the caveat
that it is impractical to perform a line-by-line review and verify technical correctness of the code
by the Panel. However, some suggestions for improving algorithms as well as for enhancing the
consistency between the Technical Manual and code were made. These include providing
reproducibility of simulation results (by reusing a random “seed” if it is provided by the user),
addressing or acknowledging issues associated with running stochastic programs on multiple
machines and associated potential correlations in the random number generation process.

A minor comment from the Panel members includes documenting the descriptions of probability
distributions used in the Technical Manual and User Guide, because the distributions are often
parameterized in different ways, and it is important to clearly describe how these distributions
have been parameterized in SHEDS. '

Issue 2: Technical Aspects of Planned Methodologies to Extend SHEDS-Multimedia
version 3 (aggregate) to version 4 (cumulative)

Question 2-1: |

Please comment on the technical asp_ectS and usefulness of the planne'd methodology for
extending SHEDS-Multimedia version 3 to address multiple chemicals in version 4.

The logic of extending the application of SHEDS from single to multiple chemical assessments
is plausible and warranted. However the nature of such proposed work would be complex, time
and resource consuming, and the process itself may pose significant challenges. The Panel
expressed several concerns about the planned methodology

‘As the document notes, the move from aggregate to cumulative involves relatively few changes
to the code/structure/interface. The Panel believes this is what the previous SAPs envisioned
when they recommended stochastic models for estimating cumulative risks. Overall, the concept
of going from aggregate to cumulative as described is useful. One important feature that is not
mentioned in the document is the importance of input from risk managers and Agency scientists
about the chemicals that are subject to cumulative assessments and the process used to make
these determinations. Once this decision is made the focus shifts to model structure and outputs,
and the Panel focused its comments on mass tracking, product co-occurrence, pesticide
metabolites, programming issues, scenarios, and absorption and bioavailability.

The process of tracking mass is unclear in Version 3, and many Panel members felt that future
versions of the model should track mass in media because, for example, it makes it possible to
track the mass that is lost through touching and subsequent washing of the hand, and allows
tracking of mass in specific media over time. The Agency is encouraged to explore the
feasibility of this mass balance step. The Panel noted that, in the document, the definition of
“carrier” in SHEDS is somewhat overlapping with “media.” For example, air (either indoor or
outdoor, or in the treated or untreated rooms) is considered a carrier and a medium in some
places in the manual. The manual is also unclear as to why “residue” itself would be considered
as a carrier. Residue has to be associated with or adhered to the carrier before it can reach the
simulated individuals in any of the media. As stated in the documentation, “When a person
comes into contact with a contaminated MEDIUM, a certain amount of one of more carriers will
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be transferred onto or into the bOdjf” (page 7, SHEDS Version 4 Planning document, June 12,
2007 version). Care must be taken to correctly define and use the terms 'carrier”, "media" and
"residue." '

A scenario (a child playing w1th uncontaminated soil) provided by the Agency further
complicated this matter. As stated in the documentation, by taking into account such activity, thé
mass of the carrier, which is soil, will change on the hands, the body, and possibly in the GI tract.
However, if the soil is not contaminated, the change of soil mass would not affect the model
outputs. Since each diary is being considered as an independent event (with some
autocorrelation), even if this child might come in contact with contaminated soil on a different
occasion, the mass of the soil that will be transferred this time would not affect the mass of soil
that is uncontaminated. '

As stated by the Agency, the run-time and the storage space for the model output may :
significantly be hampered by the proposed approach, if all the chemicals in the formulation are
included in developing the variables. However, if the intent of developing SHEDS version 4 is
to cumulatively assess exposures to a group of chemicals that has the same toxicological
endpoint, the concern about resources may not be warranted. One Panel member noted that it is
uncommon to have a single product containing more than 2 active ingredients that cause the
same health concern. So instead of n=10 as proposed for use in the algorithms in version 4, the
actual sample size might be no more than 3.

The document available for the Panel to review is brief and lacks detail on a number of issues.
The Panel noted that the current product-related co-occurrence system may be problematic if
there are substantial future changes in product formulation. This also implies that intentional
product co-occurrence is more important than unintentional “random” product co-occurrence, an
assumption that needs close inspection. The document was unclear, but during the presentation
the Agency indicated that it will consider addressing both multiple products that contain multiple
chemicals and multiple chemicals with a common mode of action that are not necessarily present
in a single product. The Agency should explore using different data sources for assessing
multiple chemical co-occurrences: for example, pesticide use data could potentially be useful for
assessing multiple chemicals for different purposes (e.g., garden versus indoor versus lawn). In
addition, the considerations for co-occurrence for residue in food is another complex issue to be
explored (e.g., number of pesticides found in one food commodity versus multiple chemicals in a -
salad) that is not fully explicated in the document.

The Panel noted that the ability to model compound metabolites should be included in the
multiple chemical model, but this will require development of a module to quantify metabolite
production. One Panel member noted that one important lesson from the Agency’s CTEPP
(Children's Total Exposure to Persistent Pesticides and Other Persistent Organic Pollutants)
Study is that tracking of metabolites is necessary for mass balance. In the absence of full
accounting for metabolites, evaluation of model performance will be limited to a small number
of compounds, such as PCP and 2,4-D, for which the urinary biomarker is the parent compound.
The current document states that using a single efficiency for washing removal of soil/dust from
the skin regardless of compound is an advantage of the multiple chemical model. Uniform
washing efficiency may be reasonable for soil or dust-borne chemicals. However, a single
removal efficiency is also apparently assumed for "residues" (i.e., for free chemical on the skin).
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Since chemical washing éfﬁciency is likely to be tied to the physical-chemical properties of a
given chemical, this could be a disadvantage. Relatively lipophilic compounds are less likely to
be efficiently removed by washing than relatively water soluble compounds.

While this move from aggregate to cumulative assessment provides an opportunity to use an
“object oriented” programming approach for encapsulation of variables, it is also possible that
users can be overwhelmed by the number of parameters that they have to provide. Therefore, the
Panel envisions that GUI modifications may be substantial (e.g., moving from pesticide-specific
interface to general multimedia interface) even though the underlying code changes may be .
relatively minor. Therefore, it is desirable to have one underlying code base and different
interfaces. One Panel member noted that the memory requirements of such a system may be
large due to the increase in the number of chemicals to be simultaneously modeled. The
temporal resolution of the simulation will potentially be dictated by the fastest simulation time
and the lowest time scale to be modeled.

An additional feature that is desirable but not included in the written plan is scenarios for home
applicator exposure. This was presented at the meeting as one potential added component for
version 4, and includes both professional and home applicators, and the Panel felt that this was
an important addition that needs careful con31derat10n

One Panel member noted that the description of absorption efficiency and bioavailability for
non-dermal pathways in the Technical Manual is unclear, and therefore the state of science

~ cannot be evaluated because equations and model inputs are not available. The Panel cautions
that, like dermal absorption, GI and Iung bioavailability estimations and assumptions are
dependent upon factors such as medium, particle size, material thickness on exposure surfaces,
and other factors that need careful attention in a multi-pathway, multi-media, and multi-chemical
model.

Question 2-2:

Please comment on the technical aspects and usefulness of the planned methodology for
incorporating a fugacity-based source-to-concentration module into SHEDS-Multimedia
version 4. Does the Panel recommend additional efforts with the fugacity module (e.g.,
modeling more realistic multi-room dwellings) given available information? .

The Panel agrees that chemical redistribution following residential pesticide application is

- scientifically well established, that the fugacity approach is well founded and that it is an

. appropriate method for addressing this phenomenon. Providing this methodology as an option’
within SHEDS, without removing any of the existing chemical fate approaches, can only make
the code more valuable even if only a subset of potential users avail themselves of the fugacity
option. The Panel also noted that a fugacity module, based on the work of Bennett and Furtaw .
(2004), has already been developed and programmed in SAS. Therefore, no question regarding
relative value versus resources required is presented by mere inclusion of a fugacity module.

The Panel further believes that the fugacity approach is well suited to treatment of multiple
chemicals and is therefore compatible with other development goals for SHEDS.

The Panel expressed less unanimity with respect to the actual likely utility of the fugacity option
and expressed a desire to see example calculations that might better illustrate the performance of
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this option. Only through sensitivity analysis can the question of value be determined. In
particular, the effect of time scale being simulated should be examined. The Panel also asked for
clarification regarding whether the fugacity approach will be limited to indoor environments.

With respect to the second part of the charge question, the Panel agrees that simulation of a
multi-room house is certainly feasible mathematically. Mixed opinions were expressed
regarding the value of moving beyond a two-zone (treated/untreated) model. Clearly there is
some point at which lack of data necessary to describe more complicated systems will prevent
derivation of added benefit by increasing complexity. Data needs would include both
architectural features and room-specific pesticide application practice and human behaviors.
Behavioral data are often a limiting factor in using current models. The Panel therefore
suggested that EPA start with a simple (two-zone) version and more thoroughly investigate and
document performance at that level before considering multi-room systems.

The Panel notes that EPA proposes to evaluate the fugacity module using chemical transport data _
from a 1-house study: While this is a reasonable place to start, the Panel encourages more
extensive testing including application to cases in which both environmental data and
biomonitoring data are available. One member expressed the opinion that fugacity modeling
could lead to greater appreciation of the significance of surface contamination on human
exposure indoors.

Under this charge question, there was discussion of whether SHEDS should account for removal
of contaminant residues from environmental compartments via absorption by occupants. It was
suggested that EPA compare predicted mass absorbed to assumed mass applied for various
scenarios to provide more information on this topic. Although the term did not arise exp11c1tly in
the discussion, in effect the Panel suggested that EPA include routine computation of Intake
Fraction (Bennett et al., 2002a,b) in SHEDS output.

Question 2-3:

Please comment on the technical aspects, potential utility, and added value of the planned
methodology for longitudinal diary assembly in SHEDS-Multimedia version 4. Does the -

" Panel believe that this new method will create an assemblage of diaries that better
simulates reality and provides more accurate estimates of exposures related to within-
individual time-activity patterns? Please suggest procedures and/or longitudinal data
which could be used to select factors (the “D” factor intra-class correlation coefficient, and
the 1-day lag autocorrelation) or refine/ evaluate this method in SHEDS.

The Panel appreciates the clarity with which the approach is pfesented in the paper by Glen et al,
2007, and was encouraged that the work underway to analyze for patterns in the data will
- possibly shed light on what may be reasonable key diary variables and their bounding statistics.

The Panel believes that the concept behind the new longitudinal diary assembly method has
scientific merits, and the technical aspects of the proposed method based on the D-statistic and 1-
day lag autocorrelation is sound. However, the application of this method in the interest of

- predicting aggregate human exposures to environmental chemicals may be somewhat limited.
This is particularly true for activities that may lead to potential exposures that are either difficult
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or implausible to track as continuous “key variables.” For example, it is useful to use the D-
statistic for tracking how long a person spent outdoors for studying human exposure to air
pollutants (like the “Southern California Ozone Exposure Study” cited by the Agency) because:
the time-spent outdoors is correlated with the amount of ozone being inhaled by the subjects.
However, it might not be as feasible to implement the D-statistic approach in compiling
longitudinal exposure data sets, such as the frequency of hand contact on a contaminated surface,
when multiple factors need to be considered before the exposure scenario can be confirmed.
Such a limitation is inherited from the concept of incorporating the within and between-subject
variation in order to better control the longitudinal properties of the final assembled diary. The
key variable(s) also needs to be ranked in order to generate the x-score. Those theoretical
requirements constrain the utility of this proposed method for predicting longitudinal exposures
in which inhalation exposure is not the predominate pathway. In other words, unless the
longitudinal diaries do not encompass a great number of human micro-activities (such as
potential exposures other than inhalation) in which time spent in the area where the contaminant
is present is the only and the ideal key variable, the incorporation of this new longitudinal diary
assembly method in SHEDS version 4 may not add significant value. Based on Glen et al.
(2007), it appears that there is also a possibility to choose more than one key variable for creating
a longitudinal diary and therefore the Agency is encouraged to explore this possibility.

The Panel believes that it is likely that the current activity database (CHAD) may not contain
enough diaries to allow random draws using the new longitudinal diary assembly method. Since
a significant number of CHAD diaries were excluded for various reasons, decision criteria that
further reduce an already small dataset might be problematic for accurately determining the
within-subject variation. Furthermore, as stated in the documentation, the two most important
pieces of information, chemical usage patterns and contact possibilities, are not included in the
diary database. These concerns dampen the enthusiasm of the Panel for implementing this new
longitudinal diary assembly method in the upcoming revision of SHEDS.

The Panel concurs that including a lag autocorrelation function (currently set at 1-day) would be .
" necessary to eliminate repetitive activities from the longitudinal diaries that are likely unrealistic
(such as pumping gas into an individual’s car on successive days). However, the Panel suggests
that the Agency’s efforts should focus on behaviors relevant to potential residential pesticide use,
such as frequency of gardening activity, rather than examples related to air pollution exposure
dssessment. |

The Panel does not doubt the Agency’s assertion that improving the construction of longitudinal
diaries can lead to more reliable exposure estimates. But use of realistic and well documented
scenarios in the model is, in the Panel’s judgment, as high or higher in priority as further
refinement of the diary assembly and autocorrelation methods. For the explicit purpose of
estimating the individual and population exposures, it may be more constructive for future
versions of SHEDS to suggest defaults for key variables and allow for deviation from these
defaults as needed by informed users to display the strengths and limitations of the model.

* One Panel member wanted to see how the longitudinal diary development using the D-statistic
and the autocorrelation would impact exposure prediction. This individual felt that the Agency
should either initiate longitudinal behavioral data collection (such as dietary consumption or
time-activity surveys) within specific population subgroups, or look for other data sets that have
* information that would be better suited for this proposed method and therefore alleviate the
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limitations inherent in using the D-statistic. As presented by the Agency, there are several data
sets that have the potential to be used for this purpose, and the Panel recommends that the
Agency contact the PI of those studies to obtain permission to access their data sets.

Question 2-4:'

Please comment on the technical aspects and usefulness of the planned methodology for
utilizing Sobol’s method for sensitivity analysis in SHEDS-Multimedia version 4, and
whether Sobol’s method would be a useful supplement to the existing sensitivity analysis
methods used for the SHEDS-Multimedia version 3 model.- :

Several Panel members expressed concern that the required number of simulations (2N + 2) for
sensitivity analysis involving N parameters appears to be very low. For example, if a single
parameter has 10 levels of values, doing a sensitivity analysis with just 4 simulations (2*1+2) is
impractical. The Agency’s view that a single sensitivity run can be considered to represent
multiple “individual-days” of simulations is not correct in this case because a single variability
run will u1t1mately produce a single population metric (e.g., the 95 percentlle for population
exposures).

It appears that the proposed use of Sobol’s method will allow the cofnputation of “local
sensitivity,” without addressing the corresponding uncertainty. Global sensitivity. analysis, on the
other hand, allows the estimation of sensitivity as well as uncertainty.

The Panel thus wonders whether the new sensitivity analysis method is needed in this case.
Based on the classification by Saltelli, et al., (2005), Sobol’s method can be seen as a variant of
the Fourier Amplitude Sensitivity Test (FAST), which is a variance based approach. Since
ANOVA is another commonly used variance based approach, the Panel’s observation was that
such well known methods should be evaluated before using relatively less known techniques
such as Sobol’s method. One Panel member noted that this approach appears to be reinventing

- experimental design. Many of the Panel members were not convinced about the utility of the
Sobol’s method for SHEDS, and were also perplexed by the complexity of the method.

‘Since Sobol’s method has not been used with a large scale probabilistic model before, the Panel
urges caution in using the method. Furthermore, the number of changes to the model structure
and code (e.g., by making a majority of the SHEDS code deterministic, with random parameters
provided in one module) appear to be large, further reducing the usefulness of incorporating this
methodology in SHEDS.

However, some Panel members felt that since the Sobol method is an accepted method for
sensitivity analysis it should be included, since in general it is a good idea to prov1de new
techniques as alternatives to variability and uncertainty analysis.

Question 2-5:

a) Please comment on (and prioritize, as appropriate) the technical aspects and usefulness
of planned changes to the SAS code and GUI for SHEDS-Multimedia version 4 that are
listed items in Section 5 of the above-referenced background document. :
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b) Please comment on any additional modules, features, or capabilities that the Panel feels
should also be high priorities for the next version of SHEDS including issues associated
with the code, user interface/user friendliness, input, and output/output display. Are there
modules, features, or capabilities of other human exposure models that should be _
considered for inclusion in SHEDS-Multimedia version 4 (e.g., simulation of individuals;

~ longitudinal diary assembly)? '

The Panel was not comfortable choosing from the list as a dialogue with the developers is needed
to better inform the Agency’s priorities. As a first suggestion the Panel felt that the developers
should do everything that is simple and does not involve a major reorganization of the code. At
the same time, a lot of effort should not be placed into options that will not make much
difference in the overall conclusions drawn from the model. Most Panel members thought that
PBPK modules should not be a high priority and should remain independent modules from the
SHEDS model output.

The Panel felt that the Agency should get more experience with the application of this model
before getting into a major reorganization of the code. It is important that the developers
anticipate future data sets, especially longitudinal, and try to keep the code scalable.
Autocorrelation can have an important effect on the tails of the exposure distributions. Anything
that helps the user understand uncertainty and variability is important. Several Panel members
emphasized that improved graphics were important for wide model comprehension and
acceptance. They also felt it was useful to add utilities to make the model more accessible and
useful, e.g., code to review input values and note extreme or illogical combinations, or a script
generator to run designed experiments on the model. This is similar to sensitivity analysis but
could be more general. The user could ask a series of questions about what factors and
interactions are of interest, and then plan and implement a fractional factorial or response surface
- design to test hypotheses. Prior to adding additional functionality (modules, features, or
capabilities), sensitivity analysis with the specific modeling assumptions should be conducted.
This involves defining the population exposure metrics, and performing sensitivity analysis. It is
possible that some proposed features can be discarded after this analysis, based on lack of
sensitivity of the exposure metric to the new feature.

The Panel liked the idea of users being able to re-parameterize distribution mean, variance and
shape so they can conveniently move between distributions without having to refer to statistics
- texts (e.g., Johnson, et al., 1994, 1995, and 2005) for the parameter definitions. Experience has
shown, however, that unless a distribution has an extreme right tail, the choice of distribution
does not make much difference. '

The Panel did have a number of suggestions for improvements, and issues that the Agency
should not put as high priorities. As additional features, the Panel felt that the model should -
include home applicators. Some users of the model will not be constrained by EPA practice and
will want to model non-compliant application, i.e., not following the pesticide label. It is
important that the model provide an “application programming interface” definition that
describes the format and the type of intermediate data, in a simple and easy to use manner. This
will lead to the following advantages: a) users and developers can independently create
input/output analysis modules, provided there is adequate documentation for-developing such
tools; b) this will overcome current issues with the quality of plots and graphs; and c) provide
facility to input empirical distributions for specifying uncertainty and variability; d) plus provide
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sufficient number of examples; so the novice and expert users can utilize the system to the fullest
extent. The Panel felt that it would be useful if SHEDS provided better context specific help
files, the ability to calculate margins of exposure (MOEs), and other options for selecting and
matching CHAD and food consumption diaries (e.g., by age, gender season, weekday, region, -
race, METS/caloric intake).

~ Issue 3: An Update on the Development of the SHEDS-Dietary Model

Question 3-1:

Eating Occasion Analyses.

As described in the SHEDS dietary background document, the timing information
available in CSFII can be used to model food and indirect water intake throughout the day.
With the ability to incorporate the timing of eating occasions in dietary exposure '
assessments, it is possible to assign either the same residue or a different residue to foods
‘consumed on multiple eating occasions. In certain instances, the former seems logical (e.g,
consumption of leftovers) while in other instances the latter appears appropriate (e.g, hash
browns at home for breakfast and fried potatoes away from home for dinner).

Please comment on developing simple d decision rules - as described in the document for
assigning residues to commodities eaten on multiple eating occasions.

The Panel noted that the Agency’s document did not include a clear list of rules for review. For
- future presentations, a decision diagram or flow chart should be used to describe the decision
rule process and allow for substantive critical review.

This issue question is relevant to acute exposure scenarios. The Panel noted that there are two
opposing default rules, i.e., assigning either the same or different residues to the same foods
consumed on multiple eating occasions in a day. Realistically, the possibility exists for residue
linkage between eating occasions. The same batch of foods can be consumed in consecutive
eating occasions, such as leftovers. Raw agricultural commodities can also be purchased in
quantity and eaten over a period of time, such as a batch of berries or a bag of apples.

-According to the Agency’s presentation, the current practice by the Agency is to assign the same
residue to food commodities eaten on the same day. Theoretically, adding inter-day variability
in residues for the same commodity by assigning different residue levels is likely to increase the
variance of the distribution, but possibly more so in the lower tail than in the upper tail. The
median is likely to shift toward lower exposure. On the other hand, assigning the same residue

_ level for multiple eating occasions in a day will likely result in a higher upper tail and thus
capture the possibility of high end exposure, especially if there is a spike at the high end of
residue distribution. Since the upper tail is where the main interest lies in risk assessment, it is
unlikely that there will be significant gain in changing into random draws of residues for
multiple eating occasions. Nevertheless, the Panel understood that the Agency may wish to offer
different yet viable options in the SHEDS model which tracks time sequence of event and
activities in a much finer increment than a 24-hour day. :
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The Panel discussed the added value of fine-tuning this residue assignment assumption.
Assigning the same residues to leftovers and different residues to the same food commodity, but
served as different dishes, appears to be too labor-intensive and subject to bias. Such level of
refinement may not have added value especially when resolution in the food intake diary and
residue data (each item in composite data does not contain the same level of residue) is lacking.
In addition, the Panel was concerned that making further assumptions without proper support
data may introduce additional uncertainties in the exposure analysis. For example, the only way
to determine whether the same food forms eaten at lunch and dinner are separate dishes or the
same dish as leftovers for dinner may only be mere speculation. Thus, it is not known if
assigning different residue values for 5,000 iterations yields a more realistic residue distribution
that is consistent with the stochastic nature of the SHEDS model. ’

As to setting rules for assigning residue levels, the Panel was in general agreement that simple
rules have the advantage over complex rules for having clarity, uniformity of application, and
transparency in operation. From the stand point of conserving resources by reducing
unnecessary complicated steps in data analysis and interpretation, a simple set of rules in this

- case can be somewhat akin to a tier approach that is informed by a series of stepwise refinement
analysis, progressing toward increasing complexity only when supported by data and the need
for ﬁne -tuning the analysis.

For this issue, the first consideration is whether dietary exposure constitutes a major contributor
to an overall multi-media exposure that exceeds a regulatory threshold (e.g., having lower than
desirable MOE). When dietary exposure is the focus for refinement, high contributing
commodities are identified in the initial assessment and the impact of link-day residue for these
commodities can then be assessed.

Alternatively, a more generic decision process may begin with the consumption-residue pairs
that can potentially be major contributors to the exposure. In this evaluation, the Agency may
focus the initial analysis on foods most frequently consumed (e.g., FDA’s top 10 list).
Commodities having a fairly high ratio between the high end (e.g., 90th percentile) and the
central tendency (e.g., mean or 50th percentile) residue levels may be the first group for
investigation. This type of summary data may already be available (e.g., similar to Appendix M
in the 2005 PDP summary report). Once the potential high contributing commodity-residue pairs
are identified, the possibilities for repeated eating occasions could then be further investigated.

" Another generic decision process may be to evaluate how often people eat the same foods within
a day or on different days based directly on food intake diary, e.g., CSFII data. With either
approach, the initial focus can be placed on raw agricultural commodities unless food processing
would dramatically alter the residue contents.

The timing of food consumption within a day becomes more prominent as the Agency prepares
-to include dietary exposure estimates into the time-series exposure analysis of SHEDS, and

~ especially when simulated exposure from SHEDS is ready for input into PBPK modeling. With-
chemicals that are non-persistent (e.g., metabolized and excreted in a matter of hours), retaining
the timing of consumption information in the diary will greatly facilitate the subsequent PBPK-
analysis. :
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