


March 19, 2002

MEMORANDUM

SUBJECT:  Trangmittd of the Find Report of the FIFRA Scientific Advisory Pand
Meeting Held February 5-7, 2002

TO: MarciaE. Mulkey, Director
Office of Pedticide Programs

FROM: Paul I. Lewis, Designated Federd Officid
FIFRA Scientific Advisory Panel
Office of Science Coordination and Policy

THRU: Larry C. Dorsey, Executive Secretary
FIFRA Scentific Advisory Pand
Office of Science Coordination and Policy

VanessaT. Vu, Ph.D.
Director

Office of Science Coordination and Policy

Please find attached the find report of the FIFRA Scientific Advisory Panel open
mesting held in Arlington, Virginiafrom February 5-7, 2002. This report addressees a
set of scientific issues being considered by the Environmental Protection Agency
regarding methods used to conduct a preliminary cumulative risk assessment for
organophosphate pesticides.
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SAP Report No. 2002-01

REPORT

FIFRA Scientific Advisory Panel Meeting,
February 5-7, 2002, held at the Sheraton Crystal City
Hotel, Arlington, Virginia

A Set of Scientific Issues Being Considered by the
Environmental Protection Agency Regarding:

METHODSUSED TO CONDUCT A PRELIMINARY
CUMULATIVE RISK ASSESSMENT FOR
ORGANOPHOSPHATE PESTICIDES:

SESSION 1: HAZARD AND DOSE RESPONSE
ANALYSIS

SESSION 2: ASSESSMENT OF FOOD EXPOSURE

SESSION 3: ASSESSMENT OF DRINKING WATER
EXPOSURE

SESSION 4: ASSESSMENT OF RESIDENTIAL/NON-
OCCUPATIONAL EXPOSURE

SESSION 5: RISK CHARACTERIZATION
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NOTICE

This report has been written as part of the activities of the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), Scientific Advisory Pand (SAP). This report
has not been reviewed for gpprova by the United States Environmental Protection
Agency (Agency) and, hence, the contents of this report do not necessarily represent the
views and policies of the Agency, nor of other agencies in the Executive Branch of the
Federd government, nor does mention of trade names or commercid products congtitute
arecommendation for use,

The FIFRA SAP was established under the provisions of FIFRA, as amended by
the Food Quality Protection Act (FQPA) of 1996, to provide advice, information, and
recommendations to the Agency Administrator on pesticides and pesticide-related issues
regarding the impact of regulatory actions on hedth and the environment. The Pand
sarves as the primary scientific peer review mechanism of the EPA, Office of Pedticide
Programs (OPP) and is structured to provide baanced expert assessment of pesticide and
pesticide-related matters facing the Agency. Food Quality Protection Act Science
Review Board members serve the FIFRA SAP on an ad-hoc basisto assst in reviews
conducted by the FIFRA SAP. Further information about FIFRA SAP reports and
activities can be obtained from its website a hitp://www.epa.gov/scipoly/sap/ or the OPP
Docket at (703) 305-5805. Interested persons are invited to contact Larry Dorsey, SAP
Executive Secretary, viae-mail a dorsey.larry @epa.gov.
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INTRODUCTION

The Federd Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific
Advisory Pand (SAP) has completed its review of the set of scientific issues being
consdered by the Agency pertaining to methods used to conduct a preiminary
cumulative risk assessment for organophosphate pesticides. Advance notice of the
meeting was published in the Federal Register on January 15, 2002. The review was
conducted in an open Panel meeting held in Arlington, Virginia, on February 5 -7, 2002.

The Agency’s methodology and subsequent meeting consisted of five
components/sessons. Session 1: hazard and dose response analysis, Sesson 2:
assessment of food exposure; Session 3: assessment of drinking water exposure; Sesson
4: assessment of residentia/non-occupational exposure and Session 5: risk
characterization. Ronald J. Kendall, Ph.D. and Mr. Paul Lewis served as SAP Sesson
Chair and Designated Federd Officid for the hazard and dose response anayss,
assessment of food exposure, assessment of drinking water exposure sessons,
respectively. Stephen Roberts, Ph.D. and Ms. Olga Odiott served as SAP Sesson Chair
and Designated Federd Officid for the assessment of resdentia/non-occupational
exposure and risk characterization sessons, repectively.

Ms. Sherry Sterling (Office of Science Coordination and Policy) opened the
meeting on behdf of the Agency. Ms. MarciaMulkey (Director, Office of Pesticide
Programs) provided opening remarks. Ms. Margaret Staskowski (Office of Pegticide
Programs, EPA) made introductory remarks, highlighting the goals and objectives of
each sesson. The methodology presented is the first time that the Agency had assessed
risk combining multiple sources of exposure for multiple chemicals acting viaa common
mechaniam of toxidity.

Public comments providing overal remarks about the meetings were presented.
In addition, public comments relevant to specific sessons were also provided and listed
in this report under the respective sesson. Beow isaligting of the overal public
comments.

PARTICIPANTS

FIFRA SAP Session Chair

Ronad Kendall, Ph.D., Professor and Chairman, Department of Environmental
Toxicology, Director, The Indtitute of Environmental and Human Health, Texas Tech
University, Texas Tech University Health Sciences Center, Lubbock, TX

Designated Federal Official
Mr. Paul Lewis, FIFRA Scientific Advisory Pand Staff, Office of Science Coordination
and Policy, EPA

FIFRA Scientific Advisory Paned Members

Christopher J. Portier, Ph.D., Director, Environmental Toxicology Program, National
Ingtitute of Environmenta Health Sciences, Research Triangle Park, NC
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Stephen M. Roberts, Ph.D., Professor and Program Director, University of Florida
Center for Environmental & Human Toxicology, Gainesville, Florida

FQPA Science Review Board Members
John Adgate, Ph.D., Associate Professor, University of Minnesota, School of Public
Hedlth, Minnegpolis, MN

William Brimijoin, Ph.D., Department of Pharmacology, Mayo Clinic and Medica
School, Rochester, MN

Richard Bull, Ph.D., MoBull Consulting, Kennewick, WA

Rory Conally, Sc.D., Director, Center for Computationa Biology and Extrapolation
Modeling, Chemica Industry Inditute of Toxicology Centers for Hedth Research,
Research Triangle Park, NC

Patrick Durkin, Ph.D., Vice President, Syracuse Environmenta Research Associates, Inc.
Fayetteville, NY

Nataie Freeman, Ph.D., Robert Wood Johnson School of Medicine, Department of
Environmenta and Community Medicine, Piscataway, NJ

Jean Harry, Ph.D., Nationa Ingtitute of Environmental Health Science, Research
Triangle Park, NC

Steven Heeringa, Ph.D., Indtitute for Socid Research, University of Michigan, Ann
Arbor, Ml

Ernest McConnell, D.V.M., President, Toxpath Inc., Raeigh, NC

Peter Macdondd, D. Phil., Professor of Mathematics and Statistics, Department of
Mathematics and Statistics, McMaster University, Hamilton, Ontario, Canada

Nu-May Ruby Reed, Ph.D., Staff Toxicologist, Cdifornia Environmenta Protection
Agency, Department of Pesticide Regulation, Sacramento, CA

Lorenz Rhomberg, Ph.D., Principa, Gradient Corporation, Cambridge, MA
PUBLIC COMMENTS

Oral statementswere made by:
Jennifer Sass, Ph.D., on behaf of the Natura Resources Defense Council

Mr. Daniel Botts, Florida Fruit & Vegetable Association, on behdf of the FQPA
Implementation Working Group
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Jeffrey Driver, Ph.D., Infoscientific.com, Inc., on behaf of the FQPA Implementation
Working Group

Mr. Jack Zabik, Dow AgroSciences, on behdf of the FQPA Implementation Working
Group

Mr. Adam Goldberg, on behaf of Consumers Union

Ray McAlliger, Ph.D., Crop Life America, on behaf of the FQPA Implementation
Working Group

Abraham Tobia, Ph.D., Aventis CropScience, on behaf of the Farm Family Exposure
Task Force

Written statements werereceived from:
FQPA Implementation Working Group
Natural Resources Defense Council

PANEL RECOMMENDATIONS

The Panel concluded that the Agency’s * Organophosphate Pesticide Preliminary
Cumulative Risk Assessment” (PCRA) background document was responsive to
recommendations by previous Panels on this topic and did address deficiencies with
methods to conduct a preliminary cumulative risk assessment for organophosphate
pesticides. In addition, the Panel noted that such limitations would not hinder the
Agency in preparing such acumulative risk assessment. However, the Pandl
acknowledged such a methodology may need to be refined or provide greater andysis for
other chemicas/'chemica classes. While further refinements are needed, the Pand
acknowledged that some can be accomplished in the near term while others are long-term
improvements that should be pursued after the initia cumulative risk assessment is
prepared. Specific comments and/or recommendations are presented below. Please see
the specific sections of the report for a more detailed discussion.

Hazard and Dose Response Analys's

The Pand recognized that a single measure had been provisondly chosen both as
areference point to determine relative potency factors (RPF) and as a point of departure
(POD) for cdculating margins of exposure. The mgority of the Pand continued to
provisondly endorse the use of the BMD10 for both purposes (as recommended at
previous SAP meetings). This Pand, as with previous Panels, continues to recommend
the use of the nonlinear mixed effect modd and noted that the Agency had corrected
many problems to model dose response relationships of OP exposure to cholinesterase
inhibition. The success of the expanded mode in describing the low-dose shoulder on
dose-response curves for some OPs should encourage the Agency to explore
physiologicaly based pharmacokinetic models more thoroughly. Although it is
biologically inspired, the expanded modd should not be considered a substitute for a
physiologicaly based pharmacokinetic modd. While the Pand was impressed by how
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the expanded moded could lead to asimple, practica enhancement to the exponentia
modedl, they were concerned that the expanded model was only used to fit 14 out of 29
OPs, raising the question as to whether the mode! is universdly true for al OPs.

Assessment of Food Exposure

The sengitivity andyss performed by the Agency iswhat is needed for a better
understanding of modeling OP exposure in food. The Agency should provide
explanations and support for assumptions in the PCRA, specificdly that the food
exposure component is assumed to be uniform across the geographic regions and over al
seasons. The Pand encouraged the Agency to include violative samples from the PDP
database in its dietary exposure assessment. For analyses designed to investigate chronic
exposures of individuas over periods of consecutive days, weeks or months, the Panel
acknowledged limitations with the Continuing Survey of Food Intake by Individua
(CSHII) data and the Caendex agorithm and emphasized the need for longitudind data
on food consumption by individuas.

Assessment of Drinking Water Exposure

The Pand agreed with the Agency that exposures to OPs from drinking weater are
likely to be aminor part of tota exposurein amogt dl cases. However, fuller
characterization and interpretation of these anadlyses would increase confidence in the
present analysis and set the stage for subsequent cumulative risk assessments of other
pesticides. If exposure viadrinking water is potentialy greatest for some well defined
subpopulations (e.g. young infants bottle-fed formula made from powder and water),
such exposures should be characterized. More explicit inclusion of transformation
products, particularly the oxons, is essentia. The Agency should also consider the
potentiad effects of spills and non-agriculturd OP uses to drinking water, aswdll asthe
effect of water trestment processes on OPs and their transformation products. I1n terms of
regiond drinking water assessments, the Pand concluded that the regional assessment
would generdly be protective of the region as awhole, not just of the reservoir modeled.
Finaly, the Panel noted that an important congideration is not what a population is
typicaly exposed to but the probability that an unusua exposure might occur.

Assessment of Residential/Non-occupational exposure

The Pand concluded that the draft residential/non-occupationa exposure
assessment should show smulation results for al age groups of children. Modd
parameters that must follow logical congtraints (e.g., proportions of the yard that are
garden and not garden cannot total more than 100%) and co-occurrence of uses (e.g., of
both scenarios and product use within scenarios) need to be dedt with systematicaly so
that redigtic longitudina use patterns are reflected in the assessment. Ingtitutiona
exposures (i.e., schools, day care centers, etc.) should be explicitly addressed in the
document. The Agency aso should consider adding the consumption of home grown
vegetation, exposure from drift in agricultura applications and inhaation exposuresto
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volatile active ingredients to the lawn scenario, particularly to children, in its andyss.
While the Pand endorsed the use of probabilistic techniques for residentia exposures, it
believes that the widespread use of uniform distributionsin the draft cumulative risk
assessment unredigticaly digtorts the variability and uncertainty in parameters to which
itisapplied. The Pand encouraged the continued use of caender based modelsto refine
the residential exposure assessments to the extent that such models can be shown to lead
to plausble estimates of significant levels of exposure. Findly, the most important
priority for the Agency in the area of residentia exposure should be updating the
assessment based on this guidance and to conduct aforma sengtivity andyss of the
mode to determine the chemicals, routes, and scenarios that drive the mgor exposures
under the modd.

Risk Characterization

The Pand recommended againgt the single-day approach and instead supports a
verson of the running-average approach, with modifications. Specificdly, the Pand
recommended that an approach be chosen that explicitly addresses the persistence of
cholinesterase inhibition, in an agent-specific and species-specific way if possble. Such
an gpproach should include only the current and previous days within the averaging
window (and not future days), and it should give greater weight to more recent days than
to less recent ones, on the grounds that the amount of inhibition perssting from a day's
exposure decreases with time.

While the Agency acknowledged that other endpoints, besides cholinesterase
inhibition, will be considered for each OP, the Pandl concluded that the risk assessment
process must sill depend upon afull evauation of the toxic potentia of individua
products and not smply betied to asingle endpoint. Such a position needs to present a
balance by the Agency, clearly stating that a cumulative risk assessment does not address
al the potentid risks.

The Pand highly recommended that the PCRA for OPs be expanded to provide an
evauation to other susceptible subpopulations, specificdly infants, children and the
elderly. The Pand strongly maintains the position that this risk assessment cannot be
completed without such an evauation. In addition, there are sufficient issues with regard
to collection and use of data from developmentd studies that the Pand recommends such
topics require additionad Agency andys's and independent scientific peer review.

The Pand recognized that a PBPK gpproach is unlikely to be redizable in the
time-frame that the Agency has available and that other approaches to address the
dosmetry issues will be needed in the short term. Nonetheless, a PBPK approach should
be feasible, and it would help answer important questions about interactions and
saturable steps in metabolism, as recommended by previous Panels. 1t is recommended
that such an gpproach be investigated in the longer term.
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Federal Insecticide, Fungicide, and Rodenticide Act
Scientific Advisory Panel Mesting
February 5, 2002

METHODSUSED TO CONDUCT A PRELIMINARY CUMULATIVE RISK
ASSESSMENT FOR ORGANOPHOSPHATE PESTICIDES
SESSION 1: HAZARD AND DOSE RESPONSE ANALYSIS

PARTICIPANTS

FIFRA SAP Session Chair

Ronad Kendall, Ph.D., Professor and Chairman, Department of Environmental
Toxicology, Director, The Ingtitute of Environmental and Human Hedlth, Texas Tech
University, Texas Tech University Hedlth Sciences Center, Lubbock, TX

Designated Federal Official
Mr. Paul Lewis, FIFRA Scientific Advisory Pand Staff, Office of Science Coordination
and Policy, EPA

FIFRA Scientific Advisory Panel Members
Christopher J. Portier, Ph.D., Director, Environmental Toxicology Program, National
Ingtitute of Environmental Heglth Sciences, Research Triangle Park, NC

Stephen M. Roberts, Ph.D., Professor and Program Director, University of Florida
Center for Environmenta & Human Toxicology, Gainesville, Horida

FQPA Science Review Board Members
John Adgate, Ph.D., Associate Professor, Univeraty of Minnesota, School of Public
Hedlth, Minnegpolis, MN

William Brimijoin, Ph.D., Department of Pharmacology, Mayo Clinic and Medicd
School, Rochester, MN

Richard Bull, Ph.D., MoBull Consulting, Kennewick, WA

Rory Conally, Sc.D., Director, Center for Computational Biology and Extrapolation
Modeling, Chemica Industry Indtitute of Toxicology Centers for Hedth Research,
Research Triangle Park, NC

Patrick Durkin, Ph.D., Vice President, Syracuse Environmental Research Associates, Inc.
Fayetteville, NY

Nataie Freeman, Ph.D., Robert Wood Johnson School of Medicine, Department of
Environmenta and Community Medicine, Piscataway, NJ

Jean Harry, Ph.D., Nationd Ingtitute of Environmental Health Science, Research
Triangle Park, NC
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Steven Heeringa, Ph.D., Indtitute for Socid Research, University of Michigan, Ann
Arbor, Ml

Ernest McConndl, D.V.M., Presdent, Toxpath Inc., Rdeigh, NC

Peter Macdonad, D. Phil., Professor of Mathematics and Statistics, Department of
Mathematics and Statistics, McMaster University, Hamilton, Ontario, Canada

Nu-May Ruby Reed, Ph.D., Staff Toxicologigt, Cdifornia Environmental Protection
Agency, Department of Pesticide Regulation, Sacramento, CA

Lorenz Rhomberg, Ph.D., Principa, Gradient Corporation, Cambridge, MA
PUBLIC COMMENTERS

Oral statements were made by:
Tim Pagtoor, Ph.D., Syngenta Corporation, on behaf of the FQPA Implementation
Working Group

Written statements werereceived from:
FQPA Implementation Working Group

INTRODUCTION

The Federd Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific
Advisory Pand (SAP) has completed its review of the set of scientific issues being
congdered by the Agency pertaining to methods used to conduct a prdiminary
cumulative risk assessment for organophosphate pesticides. Advance notice of the
meeting was published in the Federal Register on January 15, 2002. The review was
conducted in an open Pand meeting held in Arlington, Virginia, on February 5, 2002.
The meeting was chaired by Ronald J. Kendall, Ph.D. Mr. Paul Lewis served asthe
Designated Federd Officid. AnnaB. Lowit, Ph.D (Office of Pesticide Programs, EPA),
R. Woodrow Setzer, Ph.D. (Office of Research and Development, EPA) and Vicki
Délarco, Ph.D. (Office of Pesticide Programs, EPA) summarized the hazard/relative
potency factor anayss.
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CHARGE

1. In September 2001, the FIFRA SAP made some specific recommendations to EPA
concerning refinements of its dose response andysis of cholinesterase data on OPs such
as.

the derivation of the adjustment factor "B" and modification of the
decison treefor use of "B";

aformd andyss of resduds,

minor revision to the agency's OPCumRisk program (i.e., revison of the
caculation as of the goodness of fit statistic and deletion on p- and t-
vaues);

consderation of the appropriate measure of relative potency;

expression of inhaation exposure in the same units as the oral doses and
adjustment for actua treatment durations;

congderation of the impact of individua anima datainstead of summary
informetion;

and derivation of ora doses from the actud dietary intake rates.

A) Please comment on how the Agency addressed the recommendations listed above (1.B
and 111.B.3).

B) Severd of these issues were addressed by the gpplication of the nonlinear mixed
effect modd for combining cholinesterase data. In addition, EPA utilized the profile
likelihood method for estimating horizontal asymptotes when they could not be estimated
jointly with the other parameters. Please comment on the use of these statistical
procedures in the dose-response assessment of the organophosphate pesticides.

2. An exponentiad mode was utilized by EPA in the July, 2001 Preiminary Hazard and
Dose-Response Assessment of the Organophosphate Pesticides. Based on the equation
used in the July 2001 document, cholinesterase activity decreases linearly in the low dose
region of the dose response curve. Stakeholders present at the Technical Briefing
(August 2001) and aso afew members of the SAP (September 2001) suggested that a
flat low dose region may be a more appropriate modeling approach. In responseto this
issue, EPA has further investigated the shape of the low dose region of the dose-response
curve.

Two versions of the exponential mode were used in the December 2001 hazard
and dose-response assessment. One version, called the basic model, describes alinear
low dose region and is Smilar to the gpproach used in the July 2001 document. All 29
OPswerefit to the basic model. The second version, called the expanded modd,
incorporates two additional variables, shape and displacement, which describe aflat low
dose region of the dose-response curve.  The female brain ChE data supported aflat low
dose region for eight OPs (azinphos methyl, bensulide, disulfoton, malathion, methyl
parathion, phorate, phosmet, and terbufos).
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Please comment on the mathematica derivation of the expanded model in
addition to the profile likelihood method for estimating the shape and displacement
parameters when they could not be estimated jointly with the other parameters (1.B and
111.B.1).

DETAILED RESPONSE TO THE CHARGE

The specific issues to be addressed by the Panel are keyed to the Agency's

background document " Organophosphate Pesticide Preliminary Cumulative Risk
Assessment” dated December 3, 2001, and are presented as follows:

1. In September 2001, the FIFRA SAP made some specific recommendationsto
EPA concerning refinements of its dose response analysis of cholinester ase data on
OPssuch as:

the derivation of the adjustment factor " B" and modification of the
decision treefor useof "B";

aformal analysis of residuals,

minor revision to the agency's OPCumRisk program (i.e., revison of
the calculation as of the goodness of fit statistic and deletion on p- and
t-values);

consider ation of the appropriate measure of relative potency;
expression of inhalation exposurein the same unitsasthe oral doses
and adjustment for actual treatment durations;

consideration of theimpact of individual animal data instead of
summary information;

and derivation of oral dosesfrom the actual dietary intake rates.

A) Please comment on how the Agency addressed the recommendationslisted above
(1.Band I11.B.3).

Overdl, the Panel concluded that the Agency’ s response was gppropriate and
supportive of recommendations of previous meetings of the SAP on gpproaches for
conducting a Preliminary Cumulative Risk Assessment (PCRA) for organophosphate
pesticides ( i.e. September 5-6, 2001 SAP report). Severa members commended the
Agency gaff for the impressve accomplishment in the relative brief interval snce the
last SAP meeting. The SAP suggested additiona areas of further refinement. While
certain remaining deficiencies or uncertaintiesin the hazard and dose response andysis
were aso noted, the Panel acknowledged that these deficiencies were not necessarily
limitations that must be corrected before implementing the PCRA. Ingtead, they were
seen to alarge extent as reflections of the till evolving nature of the field and the
inherent difficultiesin attempting to combine disparate data sets derived from systems of
great underlying complexity. Specific pointsraised for Agency congderation are as
follows
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(1) Derivation of adjustment factor “B”

The present gpproach is more sophisticated and more objective, because it
eliminates arbitrary procedures such as a"default to zero" for resdua cholinesterase
activity (the horizonta asymptote designated "B", or the related parameters PB, tB).
Instead, as described in the draft Agency background document (1B 12-15), this
parameter is estimated in the course of fitting the basic or expanded modd equations to
the data set using standardized nonlinear regresson methods. This approach guarantees a
best fit to the available data and eiminates the need for subjective choices. The Pand
was satisfied with the new approach.

(2) Formd andysis of residuds

The PCRA document contains an appropriate analysis of model resduds, which
demondtrates that, when the appropriate basic or expanded model is chosen to fit the OP
dose-response data, there is arandom distribution of error about the fitted curve. This
result increases confidence in the assumptions of the models and in the use of such
modds for further analysis of other chemicas/chemicd dlasses, including the estimations
of relative potency factors.

(3) Minor revisions to the OPCumRisk program (goodness of fit, etc).

These were accepted without comment.
4) Condderation of appropriate measures of relative poten

The issue of measuring relative potency received extensive discusson. The
Pand recognized that a single measure has been provisonaly chosen both as areference
point to determine relative potency factors (RPF) and as a point of departure (POD) for
caculating margins of exposure. At the September, 2001 SAP meeting, the Panel
recommended the use of BM D10 for these twin purposes. At the present session, this use
was debated in light of the necessary tradeoff between a need to minimize adverse effects
at the POD, and a need to optimize the precison of RPFs.  Because OP inhibition curves
often deviate from the classc shape in the low dose region critica for regulation
(shoulder effects), the ED5S0 is not gppropriate for determining relative potency here. On
the other hand, even though a POD should certainly not be associated with definite
adverse effect, aNOAEL cannot be measured precisely at dl. TheBMD10isa
compromise choice that appearsto be judtified. It is much more precise than aNOAEL
and it represents avery modest level of effect for cholinesterase inhibition. Although
some questions about BMD10 were raised during the Pand discussion, recognizing that
we are dedling with inhibition of brain acetylcholinesterase, there are two reasons why
concernisnot great. Firgt, for some OPs, a 10% inhibition of brain cholinesteraseis
below the leve that is generdly associated with overt neurologic Sgnsin rats (Nostrandt
et d, 1997; Sheets et d, 1997). Second, if the BMD10 is established in animal studies
with an appropriate safety factor for extrapolation, alowed human exposures should not
generaethislevd of inhibition.
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With these consderations in mind, the SAP is prepared to provisondly endorse
the use of BMD10 as presently contemplated. The Panel recommends, however, that the
Agency carry out additiona analyss of its data sets to determine the relative precison of
BMD1, 5, 10, and 20, for example, and to determine how many of the different BMDs
fdl in or out of the range of observation. The Cumulative Risk Assessment document
would be strengthened by including such information as an objective bass for the
Agency's preferred choice. Meanwhile, the Pand considers BMD10 as being far superior
to aNOAEL or anill-defined LOAEL asaPOD. Infact, severd Panel members
believed strongly that LOAELs and NOAEL s should not be applied to any of the data
Instead, regress on-based methods should be extended to al available data so that
reasonable comparisons can be made between like items. One Pand member asked for
illustration of one or more cases where the NOAEL s and LOAELS must be used,
reasoning that failure of convergence with regresson methods is more likdly to reflect
deficienciesin the data set than problems with the andlysis per se.

Another Pand member noted that a fundamental condition for usng the relative
potency approach - consistent proportionality among chemicals throughout the dose-
response range - was not met by the OP data. While the Agency may have to use this
approach nonetheless as a practica matter, at least in the near term, the Pand member
encouraged the development of estimates of the potential magnitude of error introduced
into the PCRA by its use.

(5) Expression of inhdation and ora exposures in same dose units.

The SAP was satisfied with these minor but sgnificant improvementsin the
revised document.

6) Condderation of im of individud animd dataingead of summary information.

In the absence of convincing evidence that the use of group averages does not
compromise the andysis, the current Pandl supports its recommendations from the
previous mesting. During the September 5-6, 2001 SAP meeting, the Agency asserted it
could be demondtrated that the use of individua animal data would not impact the
assEsIments.

“If the background document is intended to serve asamode for the assessment of
cumuletive risks, it isimportant for the andysis to be reasonably rigorous and

transparent. In this respect, the decision to use group aver ages based on the data
evaluation records (DERs) wasinappropriate. The Agency hasthe ability to retrieve
quickly full text copies of dl of the studies submitted to EPA. Further, the studies will
typicaly have tables that give the responsesin individud animas. Using group averages

.. resultsin a subgtantia loss of information. The whole point of the document under

review isto use adatigtica andysisto reach or support aconcluson. Therefore,
individual animal data should be used regardless of the dose-response mode that is
selected. ”

—SAP Report No. 2001-04, p. 20, bold added for emphasis
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Documentetion for the Agency’ s assertion of group averages was expected in the
current revison. Instead, theissue is addressed only briefly in 111.B.3.h of the Agency’s
background document. The Pand recommended that the Agency address thisissue more
thoroughly and in the main body of the text.

(7) Derivation of ora doses from actua dietary intakes.

Thisissue was addressed satisfactorily in the present documents.

B) Several of theseissues wer e addressed by the application of the nonlinear mixed
effect model for combining cholinesterase data. 1n addition, EPA utilized the profile
likelihood method for estimating horizontal asymptotes when they could not be
estimated jointly with the other parameters. Please comment on the use of these
statistical proceduresin the dose-response assessment of the or ganophosphate
pesticides.

The Pand commended the Agency for the progress that has been made in the
modding of dose/response relationships of OP exposure to cholinesterase inhibition.
The consensus of the Pand is that the nonlinear mixed effects model approach devel oped
by the Agency has corrected many problems highlighted in the previous review. For
most OPs with dose response data from multiple studies, the inclusion of random effects
for individua studiesis apractica and effective gpproach to the “meta andyss’
designed to develop a single fixed dose response curve based on dl the available data.

The Agency has proposed an egantly smple “expanded” exponential modd that
providesimproved fit for many OPs with small response effects at low dose levels.
Severa members commented that the mathematical € egance of the modd has a cog,
specificaly a greater demand on the data to support the estimation of the additiona
parameters. The amount of data (Study repetitions, numbers of observations) available to
esimate the nonlinear mixed effect mode varieswidely for the OPs. The basic model
appears to perform extremely well for compounds with rich dose response data (e.g.
methamidophoas, fenthion) while poorly for others where sudy dataare limited (e.g.
azinphos, phosmet and trichlorfon). During the session, the Agency reported that the
expanded model was chosen over the basic modd in 14 out of 29 OPs. Inthe Agency’s
background document, the expanded model was chosen 8 out of 29 times, but the Agency
later explained that correcting computer errors Since that time had resulted in improved
performance of the fitting program for 6 more OPs.

The Pand encourages the Agency to provide a standard formd definition of the
full mathematical model(s) in the documentation of its preiminary risk assessment. This
forma modd specification would include the mode equations (including the random
error term) that are currently provided in Section 1.B of the Agency’s background
document, notation for the fixed and random coefficient parameterization of the model,
forma statements of the digtributiona assumptions for the mode error (normdity) and
the random effects (i.e., mean zero, variance, and independence of errors). For clarity,
the Agency is encouraged to use exposure/dose terminology in its background document
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to reflect contemporary thinking in related risk assessments. In thisregard, it would be
useful to refer to the latest Guiddlines for Carcinogen Risk Assessment.

The Pand cautioudy endorses the generd use of profile likeihood andlysisto fix
vaues for the asymptote parameter, B, of the basic modd or the shape (S) and
displacement (D) parameters of the extended modd when smultaneous estimation for al
parameters in the modd fails (profile likdlihood analysis is vauable to diagnose
problems of convergence failure). The Panel would prefer to see the Agency apply
forma optimization methods for boundary value problems in the estimation to address
convergence problems that in this assessment were managed through the profile-
likelihood technique.

2. An exponential mode was utilized by EPA in the July, 2001 Prdiminary Hazard
and Dose-Response Assessment of the Organophosphate Pesticides. Based on the
equation used in the July 2001 document, cholinester ase activity decreaseslinearly
in the low dose region of the doseresponse curve. Stakeholderspresent at the
Technical Briefing (August 2001) and also a few members of the SAP (September
2001) suggested that a flat low dose region may be a more appropriate modeling
approach. Inresponseto thisissue, EPA hasfurther investigated the shape of the
low doseregion of the dose-response curve.

Two versions of the exponential model were used in the December 2001
hazard and dose-response assessment. One version, called the basic model,
describesa linear low doseregion and issimilar to the approach used in the July
2001 document. All 29 OPswerefit to the basic model. The second version, called
the expanded modél, incor por ates two additional variables, shape and displacement,
which describe a flat low dose region of the dose-response curve. Thefemalebrain
ChE data supported aflat low dose region for eight OPs (azinphos methyl,
bensulide, disulfoton, malathion, methyl parathion, phorate, phosmet, and
ter bufos).

Please comment on the mathematical derivation of the expanded moded in
addition to the profile likelihood method for estimating the shape and displacement
parameterswhen they could not be estimated jointly with the other parameters(1.B
and 111.B.1).

The success of the expanded modd in describing the low-dose shoulder on 14 of
29 OP dose-response curves should encourage the Agency to explore physiologicaly
based pharmacokinetic models more thoroughly. Experimenta studies could lead to
more redlistic models, a better understanding of the toxic effects of OPs, and perhaps a
better understanding of why female rats appear to be more sensitive than mderats.

While issues related to this question are presented in response to question 1b, the
Panel offered afew specific observations on the expanded modd.

The Pandl was impressed by how the expanded model, a smple but reasonable
pharmacokinetic modd, could lead to asmple, practica enhancement to the exponentia
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model, expressing “interna dosg’ in terms of “administered dose”’ in away that
reproduces the low-dose shoulder observed on many dose-response curves. Panelists
described the expanded modd as*eegant” and worthy of further experimental study.
Neverthdless, the expanded model was only used to fit 14 out of 29 OPs, raising the
question as to whether the mode is universaly true for dl OPs.

In the attempt to develop a smple modd, the Agency tried to take into account
various agpects of both the underlying biology and the methodology applied in the
various study designs. This raises one issue with regard to the data used in the models.
In the case of the brain enzyme inhibition, the assays used are equivaent in the leve of
precision, thus comparing various chemicals across different assays does not present a
magor problem. However, this may not be the case in future Situations for other
chemicas or chemical classes where other types of biologica data are used.

While biologically inspired, the expanded modd should not be considered a
subdtitute for a physiologicaly based pharmacokinetic modd. It isimportant to think
through what is known about biologica effects that could be acting to produce the
phenomenon. Consideration is needed to determine if such a correction is plausiblein
view of the processes known to operate, and at the dose levels a which they are thought
to operate.  Such an gpproach should aso raise the issue of the effects of those
processes, should they actudly be operating, on low doses. For example, if thereredly is
liver-based detoxification (presumably by carboxyesterases not inhibited by the OPs) and
if it can be saturated at relatively low doses by some OPs, then in amixture of OP
exposures, the saturation of detoxification may well affect the kinetics, and hence the
low-dose potency, of other OPs in the mix if they are acted upon by the same enzymes.
Some OPs are direct-acting and others require metabolic activation for toxic effects. The
gpproach implicit in the expanded model assumes that these processes are essentialy
linear over the dose range considered, and only the liver-based carboxyesterase
detoxification contributes sgnificant nonlinearity. This gpproach could be addressed by
amore sophigticated pharmacokinetic anayss.

An important consequence of the shoulder effect in the dose response curve is
that relative potency of apair of OPsis not expected to be constant over al dose levels.
Thisis an important consderation of the effect of Smultaneous exposuresto low levels
of severd OPs. By basing the caculation of relative potency at a higher dose leve (at
the BMD10), the actud degree of ChE-inhibition in the exposure of interest can be elther
over- or underestimated.

One Pandig contributed the following additiond comments on the mechanisms
involved, with reference to the Agency’ s background document.

(Ref.: 1.B p. 2ff.). Theinhibition of cholinesterases of different typesand in
different tissues is discussed in descriptive terms, assuring the reeder that such inhibition
reaches a pseudo-steady state within 21-28 days. 1t would be useful to indicate that these
descriptive data are congstent with both the kinetics of inhibition and the kinetics of
revershility of inhibition (whether by regeneration or synthesis of new enzyme). The
regeneration rates depend very much on the character of the phosphate ester and could
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easily explain the observed variability between the sexes and the non-linearity of the
response in the low dose region, as can the pharmacokinetic explanation for non-linear
behavior. These factorswill be the mgor determinant of how long it takesto reach this
dae. Differencesin enzyme resynthess rates may aso provide someingght into
whether the fetusis more or less sengtive than the adult to cholinesterase inhibition.
Greater support for use of these descriptive data would occur if it were consistent with
generd mechanisms involved in ChE inhibition and the reversd of that inhibition.

Despite the above comment, the statement that there are insufficient
pharmacokinetic and pharmacodynamic data to characterize dl of these OPs means that
the overal cumulative assessment cannot rely on detailed knowledge on how the above
factors modify the toxicologica hazard with each compound. Therefore, the Agency’s
use of the descriptive data for the cumulative risk assessment isjudtified.

(Ref.: 1.B p. 30). The Agency should explore the potentid rationde for the greater
sengtivity of femae rats with the identified OP pedticides. A Smple, systematic
difference in sengitivity of acetylcholinesterase between the sexesis not avigble
explanation. The fact that the differences in sengtivity were not observed uniformly isa
strong argument that other factors have to beinvolved. It is probable that sex-related (or
age-rdated) differencesin sengtivity are due to differencesin the rates of metabolic
activation or deactivation of the OP compound (or factors that affect digpostion of the
parent or metabolite) or to differencesin the rate of enzyme resynthess after inhibition.
Since these differences were not observed with dl of the compounds, one would prefer to
rely on an understanding of why this occurs rather than a broad statement that the female
is generically more sendtive. The choice of femdesis now judtified by the data a hand,
but the process remains descriptive and empirica (i.e. subject to change) until such time
that the mechanistic bases contributing to this variable behavior is understood.
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INTRODUCTION

The Federa Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific
Advisory Pand (SAP) has completed its review of the set of scientific issues being
consdered by the Agency pertaining to methods used to conduct a preliminary
cumulative risk assessment for organophosphate pesticides. Advance notice of the
meeting was published in the Federal Register on January 15, 2002. The review was
conducted in an open Pand mesting held in Arlington, Virginia, on February 6, 2002.
The meeting was chaired by Ronald J. Kendall, Ph.D. Mr. Paul Lewis served asthe
Desgnated Federd Officid. William O. Smith, Ph.D. (Office of Pesticide Programs,
EPA) and Mr. David Miller (Office of Pesticide Programs, EPA) provided an assessment
of food exposure.

CHARGE

1. In the Preliminary OP Cumulétive Risk Assessment, OPP used dl available PDP
monitoring data generated since 1994 as the basis for the residue distributions of
pesticides in trested foods. Asaresult, some foods have multiple years of data (as many
as 5), while others have only asingle year of data. All years of data were included to
provide the most robust residue data set possible. These data were extended to cover
foods and processed forms of foods for which data are not directly available.
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Additiondly, some foods were included in the andysis based on less robust data from
FDA.

OPP s conducting a sengtivity anadyss in which the residue contributions from
gpecific foods (either one a atime or in combination with other foods) are removed from
theandyss. Thisanalysisis being conducted as part of an effort to determine the
contributions of specific food commodities and chemicals to the upper tail of the
exposure digtribution. Some preliminary results are shown in Table 1 of the addendum to
this document.

Partly as aresult of this exercise, OPP has observed that the more variables (e.g.,
commodities, chemicas, years of data) that are included in the exposure ditribution, the
more difficult it becomes to affect the tail of the distribution by removing
commodity/pesticide combinations from the caculations.  While remova of most
exposure contributors results in a demonstrable change in the lower portion of the
distribution, the exposures at the upper end of thetail (for example the 99.9" percentile)
are relatively unaffected by remova of asingle commodity, even if it isidentified by
DEEM as afregquent contributor to the high end of the exposure distribution.

Please discuss the sgnificance of this observation and its potential impact on
interpretation of the output distributions and results from highly complex distributiona
andyses such asthe Preiminary OP Cumulative Risk Assessmern.

2. A) The Cdendex modd can be used in anumber of modes to develop a profile of
exposure estimates. In the current assessment, OPP conducted a series of single-day
assessments arrayed chronologically to develop aresponse surface of exposures. A
constant percentile of exposure was selected to represent the potentia exposureto a
given percentile of the population. For example, the 99" percentile for each day would
be arrayed for 365 days to reflect the population estimate across the calendar year.
Caendex can aso be used in amulti-day sequentid series andysis, dso referred to asa
“rolling time frame mode.” A rolling time frame provides an estimate of the average of
daily exposures for an individual caculated over multiple (7, 14, 21, or 28) days, for each
multiple day period over the course of ayear, (e.g., days 1 - 7, then days 2 - 8, then days
3-9 ¢etc). Inthismode, an individua's food exposure is tracked across the calendar
year by randomly sdecting day one or day two of that individud’ s reported consumption
from the CSFI1 and combining each commodity which comprises that consumption with
randomly sdlected residue vaues for each day of the cdendar year. Theseralling
averages for each individud are assembled to develop a digtribution of rolling average
exXposures.

During previous SAP meetings, the Pand has expressed concern about the use of
CSFII records to represent longitudinal consumption patterns for individuas. Concern
arose as aresult of the design of the CSHII study, in which two nonconsecutive days of
data (separated by 3 to 10 days) were collected for each individua.

Please comment on the use of CSFII data to support each of these two modes of
Cdendex as they pertain to the cumulative risk assessment of pesticides in foods.
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B) The random sdlection of PDP residue vaues assumes that the residues in foods
consumed across a series of days are independent of each other. In other words, foods
consumed are from unrelated sources and there is no carryover from one day to another.
This assumption may be ingppropriate given that many consumers obtain food in bulk
(i.e,, multi-day) quantities that may have smilar treetment history and would typicaly
consume this food over a short multi-day period (e.g., leftovers). In such acasethe
residues contained in the foods would violate the assumption of independence.

Please comment on the use of PDP data to support each of these two modes of
Cadendex as they pertain to the cumulative risk assessment of pesticides in foods. What
issues are likely to accrue from the assumption of independence in residue data?

DETAILED RESPONSE TO THE CHARGE

The specific issues to be addressed by the Pand are keyed to the Agency's
background document " Organophosphate Pesticide Preliminary Cumulative Risk
Assessment” dated December 3, 2001, and are presented as follows:

1. In the Preliminary OP Cumulative Risk Assessment, OPP used all available PDP
monitoring data generated since 1994 asthe basisfor theresidue distributions of
pesticidesin treated foods. Asaresult, some foods have multiple years of data (as
many as 5), while othershave only a single year of data. All yearsof datawere
included to provide the most robust residue data set possible. These data were
extended to cover foods and processed forms of foods for which data are not directly
available. Additionally, some foodswereincluded in the analysis based on less
robust data from FDA.

OPP is conducting a sengtivity analysisin which the residue contributions
from specific foods (either one at atime or in combination with other foods) are
removed from the analysis. Thisanalysisisbeing conducted as part of an effort to
determine the contributions of specific food commodities and chemicalsto the upper
tail of the exposuredistribution. Some preliminary results are shown in Table 1 of
the addendum to this document.

Partly asaresult of thisexercise, OPP has observed that the more variables
(e.g., commodities, chemicals, years of data) that areincluded in the exposure
digtribution, the more difficult it becomesto affect the tail of the distribution by
removing commodity/pesticide combinations from the calculations. While removal
of most exposur e contributorsresultsin a demonstrable changein the lower portion
of the distribution, the exposures at the upper end of thetail (for example the 99.9"
percentile) are relatively unaffected by removal of a single commaodity, even if it is
identified by DEEM as a frequent contributor to the high end of the exposure
digribution.

Please discuss the significance of this observation and its potential impact on
interpretation of the output distributionsand results from highly complex
distributional analyses such asthe Preliminary OP Cumulative Risk Assessment.
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The Agency isto be commended for the impressive effort and progress in dietary
exposure assessment. The sengtivity andyss that the Agency presented with varying
commodity input is precisaly whet is needed for a better understanding of the output and
serves as amechanism of qudity control for the model and itsuse. Simulation tests of
the type reported in Addendum Table 1 of the Agency=s background document are
important to confirm that the modeling of OP exposure through food is performing as
expected. The question here centers on explanations for the non-intuitive result that the
extremes of acomposite variable distribution for OP MOES are not substantialy affected
when three mgjor food contributors are removed from the distribution of daily composite
food residues.

Dietary exposure evauation model (DEEM)/Caendex models daily OP residues
on foods by firg taking draws of residue vaues for individua food items, converting
them to dose equivadents for the reference compound (i.e. M ethamidiphos) and then
adding these random residue variables together to create adaily dose. Daily exposureis
then computed by dividing the vaue of this sochagticaly generated composite residue
vaue by the kilogram body weight of the CSH I reference individua (here children age
1- 2). The composite distribution for single day individua exposures istherefore a
complex digtribution that is afunction of: 1) the food items and amounts consumed in the
reported daily diet; 2) independent stochastic draws of a residue concentration for each
food item; and 3) the sample individua=s weight in kilograms. Since stochastic draws of
residue concentrations are independent across food items, the mean of the composite
exposure digtribution is the sum of the expected vaues for the contributing food residues.
(Inactudity, thereis alinear scaling that occurs to reflect the fact that exposure values
require divison of the composite daily resdue by individua body weights). The
variance is the sum of the variances from the individua residue digiributions from each
food source.

Removing foods A, B, and C, which are mgjor OP contributorsin children=s
diets, aters the mean and variance of the composite distribution of exposures. These
changes are clearly evident in the results presented in Table 1 of the Agency=s
background document. The importance of foods A, B, and C to the composite
digtribution is obvious. Comparing the smulated composite exposure ditribution with
foods A, B, and C removed from full digtribution of the prdiminary cumulative
assessment, the following changes were observed: (1) 3.5 fold increase in the mean
MOE; (2) anh dmost 4-fold increase in the 95" percentile of MOE; (3) roughly a2.5 fold
increase in the 99" percentile and 99.5™ percentile of MOE and; (4) 2.0fold increasein
MOE for the 99.9" percentile. Therefore, removal of food groups A, B, and C does have
amagor impact on the distribution.

Why is the impact on the extreme vaues not greater? The distribution of the 99"

and 99.5" percentile vaues and other order statistics of the composite distribution follow
the generd formulafor the digtribution order gatidtic (i.e. percentile vaue)

fil(yi) = nt/((k-1)!(n-K)1) [F(Y)T* [1-F(yl™ f(vi)
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where:

f(y,) = the probability density function for the composite exposure evauated at the value
of y, corresponding to the quantile of interest

F(y,) = the cumulative dengity function for the composite exposure, dso evaluated at v,
n = total number of observations
k = order of thevduey, in{y;i =1, ... ,n} - eg. 995 of 1000.

For these highest quantiles, this digtribution isinfluenced by the extreme tails of
each of the many residue digiributions that can contribute to the composite residue values
but isrdatively unaffected by the body of the digtribution. The probability of an extreme
draw in the compodte distribution is afunction of the probabilities of extremesfor the
individua components. The probabilities of extreme draws from the residue distribution
for any food group are very smallCfor the 99.9" percentile vaueit is 1 in every 1000
times that the food appearsin adaly menu for asample individud. The probability of
99.9™ percentile vaues on independent draws from two or more foodsin the same daily
diet are very small (1/1,000,000 for two, 1/1,000,000,000 for three).

The routes by which the foods A, B, and C affect the extreme vaues are based on
two mechanisms: 1) alarge but not necessarily extreme basdline draw for aresdue vaue
to which avery large or extreme residue draw outcome on another food generates the
extreme percentile composite exposure and; 2) avery extreme draw of aresidue for
foods A, B, or C. The probability thet the first mechanism is producing extreme valuesis
much greater than the secondChence the observation that foods A, B, and C are common
in dally diets that have high exposures. Thisis aso the primary reason why the upper tall
of the daily exposure digtribution Acontracts@ when contributions of A, B and C are
removed. The second mechanism agpplies not only to foods A, B, and C but to every
other food that may appear in the diet. These other foods may be less common in the diet
S0 their contribution to the body of the composite distribution isless than that of A, B or
C. However, sochagtic draws of very extreme residues for these foods can till occur at
very low probabilities. Even though the probability of an extreme draw for any given
food item in this set is very smdl, the probability of an extreme draw for any one of them
isthe sum of the extreme vaue probabilities for the separate residue distributions.

The explanation provided in the previous paragraph is not intended to completely
discount the possibility that there are anomalies or computing errors in the modeling of
exposures. |If smulation tests produceillogical or unstable results, DEEM/Caendex
provides the ability to tag and replay the smulation inputs and stochastic draws for
subsets of cases. The Pandl encourages the Agency to use this capability to anayze the
specific determinants of the extreme quantile values (99", 99.5" and 99.9™ percentiles) in
this smulation exercise.

Regarding the multiple sets of analyses with removing high contributing
commodities A, B, and C, it was noted that the dynamic interplay of the many factors
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involved could change the relative contribution of these commodities asthey are
removed one by one. It would be beneficia to re-examine the Critical Exposure
Contributor (CEC) file after the remova of acommodity. Pulling one commodity could
very wdl dter the profile of top exposure individuasin terms of demographic pictures,
the eating pattern, etc.

Another way to conduct the sengitivity anadysis could be to observe the change of
modd output through stepwise remova of high contributing chemicals. This exercise
could give some understanding of the dynamicsin the Resdue,..

The characterization of the entire high end (e.g., 95th to 99.9th) is very helpful.
Thisformat of presentation should be carried al the way to the risk characterization
phase such that the find analysis of risk is not presented as asingle point across the risk
digribution.

The PCRA should provide explanations and support for the assumptions that
dictate the direction and scope of the current dietary exposure analyss. For example, the
food exposure component is assumed to be uniform across the geographic regions and
over dl seasons. Also, it was assumed that the pattern of PDP residue data provided little
evidence for seasond and geographic variation. Moreover, the single unit residue profile
presumably was not sgnificantly different from the profile for the composite samples.
These assumptions gppeared counter-intuitive to areader. The common thinking would
more likely be that there are seasondity and geographic variaions in food consumption
patterns and residue profiles, at least for some foods that could significantly contribute to
dietary exposures (e.g., commonly consumed by infants and children). Thus, the reader
is left with speculations and unanswered questions. Could it be that the key to the
assumption of uniformity isin whether acute or longer-term exposure was being
assesed? Could the uniformity assumption stem from the Agency=s belief that seasona
and geographic variations would not be subgtantid in the bigger picture of cumulative
exposure? Could some of these assumptions be based merely on the Agency's extensve
experience in these areas? It isimportant to orient the reader to the dietary component of
the cumulative exposure by providing sufficient support to these decison-making
processes. In addition, the presentation of the assessment could aso be enhanced by
clearly delinesting the scope of the assessment as condrained by the availability of data
Thismight clarify some concerns raised by the Panel, such as. how or why the exposures
from home gardening products are not included in the assessment; how certain
population subgroups (see examples given under Question 2) might not be represented in
the assessment based on the CSFII.

There was consderable debate concerning the use of violative samples from the

PDP database. The Agency discarded violative samples from the PDP data when
caculating the predicted distribution of exposures. The Panel encourages the Agency to
include these residues in the prediction of a distribution of exposures for the generd
population. Two basic reasons were given. Firg, it was argued that regardless of the
acceptable leve of contamination, it islikdly that some violations will occur and the
residue data provides some information on the frequency and severity of these violations.
In addition, Snce we are in some way trying to decide if there is a problem in the generd
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population at the present time, these residues seem the most appropriate. It is noted that
as aregulation gets modified to reduce resdue levels, it islikely that the severity of the
violative resdues is aso reduced and hence moves the entire distribution of exposures.
This could be addressed through a sengitivity andysis.

2. A) The Calendex model can be used in a number of modesto develop a profile of
exposur e estimates. In the current assessment, OPP conducted a series of single-day
assessments arrayed chronologically to develop a response surface of exposures. A
constant per centile of exposure was selected to represent the potential exposureto a
given per centile of the population. For example, the 99" percentile for each day
would be arrayed for 365 daysto reflect the population estimate across the calendar
year. Calendex can also be used in a multi-day sequential seriesanalysis, also
referred to asa Arolling timeframe mode@ A ralling time frame providesan
estimate of the average of daily exposuresfor an individual calculated over multiple
(7,14, 21, or 28) days, for each multiple day period over the course of ayear, (e.g.,
days1-7,then days?2- 8, then days3- 9, etc.). Inthismode, an individual'sfood
exposureistracked acrossthe calendar year by randomly selecting day one or day
two of that individual=s reported consumption from the CSFIl and combining each
commodity which comprisesthat consumption with randomly selected residue
valuesfor each day of the calendar year. Theseralling averagesfor each individual
are assembled to develop a distribution of rolling aver age exposures.

During previous SAP meetings, the Panel has expressed concern about the
use of CSFII recordsto represent longitudinal consumption patternsfor
individuals. Concern arose asaresult of the design of the CSFII study, in which
two nonconsecutive days of data (separated by 3 to 10 days) wer e collected for each
individual.

Please comment on the use of CSFII datato support each of these two modes
of Calendex asthey pertain to the cumulativerisk assessment of pesticides in foods.

The two methods of summarizing exposures over multiple days can be
characterized in 2 ways. Inthefirst most extreme case, the same food exposureis used
for dl daysin the andyds, the distribution for single days matches the digtribution for
multiple days and the comparison againgt Single days is most consarvative. At the other
extreme, days could be considered completely independent over the multiple days and
the average would then have variance that was afactor of n-days smdler than the origina
1 day samples. If dl digtributions were normd, the tails of the two ditributions (1 day
versus n day) would differ by afactor of the square root of n. For non-normal
distributions, other changes would be expected and these could be caculated. By
looking at changes in the mean exposure and changes in the tail behavior rdative to the
completely independent days distribution, one can assess the degree to which a chosen
day-to-day resampling schemeis conservative (most near the single day distribution) or
not.

If moderate chronic exposure proves to be important, then longitudina dataon
dietisneeded. By way of asendtivity andyss, longitudina series could be crested
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atificialy from CSHII data, to seeif thisimpacts on the estimation of chronic exposure.
The assumption that diet is uniform across the country and seasondly invariant needs to
be tested.

In conclusion, the Panel iswell aware of the chalenges involved with callecting
reliable longitudinad data on food consumption by individuas. The CSH I data are good
for models of daily exposure but not suitable for models where the accumulation of
exposure over timeiscritical. The need for longitudina data has come up asa
consstently recurring theme at al recent SAP meetings concerned with exposure to
pesticides. Having said this, the Pandl accepts that the CSHII data are the best data
currently available and the Agency will have to use the CSHII data if they areto move
forward a thistime. However, in the long term there will be a need for longitudina data
not artificidly created from CSFI files.

Further explanation of the Panel=s conclusion is provided below.

The rolling average will introduce autocorrelation into the dietary seriesfor each
individud; thiswill mitigate the effects of sampling non-consecutive daysin the CSHI
but any extreme values in the series will tend to be smoothed out in the process. For
young children with alimited range of foodsin their diets, flipping back and forth
between the two sampled dietsin CSFIl may not be unredigtic. For most households,
diet is expected to be seridly correlated. Not only are leftovers likely to be consumed on
consecutive days, but so will fruit, milk, juice and other perishable commodities bought
in quantity.

The CSHII record of an individual=s egting pattern in asingle day is applied for
esimating the single day dietary exposure. However, it iswell-recognized that the CSH I
datalack the longitudina characteristics for an individua=s long-term egting patterns.
The current analysis of multiple-day rolling average through repeated sampling of two
non-consecutive days  consumption records has the apparent limitation of not
representing the individual=s diverse eating pattern over an extended period of
averaging. The Pand recommends that dternatives to this mode be explored.
Specificdly, the Agency should pursue the Panel=s recommendation made in the
September 2000 SAP review of the Caendex model that addressed this same issue.
Briefly, it was recommended that a dietary consumption profile could be consgtructed
according to the demographic characteristics corresponding to each population subgroup
of interest (e.g., children 1-2 years old, 3-5 years old). Then, the multi-day sequentia
dietary exposure can be drawn from this distribution instead of just 2 detapoints. Itis
understood that the consolidated dietary consumption pattern alone would no longer
dlow identifying an individual. However, individua exposure paiterns can till be
asessed. When individua profiles are considered asthey are here, it becomes clear that
prior exposures are important in assessing a one day exposure. Thus, examining
individual exposures maintains to be important.

Findly, the hypothesis that diet is uniform throughout the country needs to be
tested. Asan example, in areas such asregion 11, the Texas fruitful rim, aswell as some
of the other predominantly Hispanic growing areas where the diet for the totd U.S. is
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based on CSFII, CSFII may not be appropriate for these regions. One approach would be
to look at CSFlI diets from Region 3 and some other region such as Eastern Uplands or
Northern Great Plains, where the demographics are different, and assess whether the diets
of young children or adults differs.

The Pand is dso concerned that CSFII may under-represent minoritiesin its
sampling. A diet rich in corn, whest tortillas, and beansis very different from the
Atypicd@ American diet, yet it may predominate in some areas of the country. It might
be possible to address this issue by evaluating census data for those areas and adjusting
the diet proportionaly based on census characteridtics, using the ethnicity data available
with CSFII. To the extent that CSFII data are inadequate to represent seasond, ethnic
and regiond differences, patterns of food consumption can be congtructed to examine
potentid high end exposures.

B) The random selection of PDP residue values assumesthat the residuesin foods
consumed across a series of days areindependent of each other. In other words,
foods consumed are from unrelated sour ces and thereisno carryover from one day
to another. Thisassumption may beinappropriate given that many consumers
obtain food in bulk (i.e., multi-day) quantitiesthat may have smilar treatment
history and would typically consume thisfood over a short multi-day period (e.g.,
leftovers). In such a case the residues contained in the foods would violate the
assumption of independence.

Please comment on the use of PDP data to support each of these two modes
of Calendex asthey pertain to the cumulative risk assessment of pesticidesin foods.
What issues arelikely to accrue from the assumption of independencein residue
data?

The Pand commented on both the nature of PDP data.and the limitations of the
current DEEM/Caendex to address the issue of linking days of exposure from leftovers
and the same batches of foods. PDP data are used in both modes of food exposure
andysisusing Cdendex. Interms of the sngle day exposure mode, there may be some
concern regarding the composite nature of the PDP sample. Theresduein asngle
serving unit could be higher than what is detected from a composite sample congsting of
many single serving units. The Agency’s PCRA document does not eaborate on how the
composite samples may differ from asingle serving unit with respect to Index Equivaent
Residue (Resdue:). Interms of the multiple day rolling average mode, the composite
nature of the PDP data is compatible with the repeated exposure scenario. However, the
concern of linking days of exposure from leftovers and/or the same batch of food cannot
be addressed from the standpoint of PDP data aone.

Cdendex incorporates the sample survey data from the CSFIl sudiesto build a
cumulative risk assessment that proportionately represents the demographic, physica
(weight), and dietary characteristics of the U.S. household population. 1dedly, these
surveys would provide alongitudind series of daly diet observations of up to ayear in
length that would support detailed empirica studies of food consumption patterns over
time. Such serieswould support modeling of dietary variation (day to day and seasond)
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and would provide direct support for modeling some food consumption patterns that
must be correlated over short, if not longer, periods of time. These Aided@ data would
aso enable modeling of common residues on food lots (e.g., bag of potatoes or apples,
galon of orange juice) that are purchased and then consumed over a period of severa
days. The CSFII data provide individua diet observations for two nonconsecutive days.
As such, these data support single day analyses well.

However, for andlyses designed to investigate chronic exposures of individuas
over periods of consecutive days, weeks or months, the CSFII data.and current Calendex
agorithm have dlear limitations. Thefirg of theseislack of varigbility in the diet over
time. The current dgorithm fixes each individua=s diet to as few as one or two discrete
combinations of foods. The mgor drawback to thisfixed diet for the CSFIl sample
person is that it aso fixes the association between the particular diet and the age, gender,
and body weight of theindividua. While age and gender may be associated with diet, it
is probably artificid to preserve the diet and body weight association in a caendar year
smulaion. The Pane suggests a modification of this gpproach in which diets for CSH I
respondents of the same age range are placed in apool and daily dietsfor individuas are
randomly chosen from the pool (as opposed to being fixed at their one or two survey
reports). The second possible limitation of the current mode agorithm is the lack of
dietary corration for some foods across consecutive days (e.g. apples, grapefruit, orange
juice). Unfortunately the CSHII data done does not provide empirical evidence on just
how important day to day serid corrdaion in food item consumption.

There are many ways to fine-tune the mode, and it is hard to tell in advance
which way isworth pursuing. As acommon practice in gpplying the concept of Atier
approach@ to risk assessment, whether to further refine the current modd of
independent daily draw should be based on its need, with the rationde for the decision-
making process clearly presented in the risk assessment document. The sengtivity
andysswith foods A, B, and C, discussed in the previous question, was Smple and
informative. Similar sengitivity anayses could be performed with correlated food
consumption and residues over consecutive days. A modd with reasonable assumptions
about the patterns for mgjor foods items (e.g., juices, fresh fruit, vegetables, peanut
butter, jams) would provide an informative Smulation exercise based on
DEEM/Cdendex to introduce serid consumption of two, three, or more days and
measure the impact of such patterns on the digtribution of MOEs from the cumuletive
risk assessment. Of course, the smulated multi-day, sequential consumption of afood
batch should be coupled with a common draw of the residue concentration for the food
item.
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John Adgate, Ph.D., Associate Professor, University of Minnesota, School of Public
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Jean Harry, Ph.D., Nationa Ingtitute of Environmental Health Science, Research
Triangle Park, NC

Steven Heeringa, Ph.D., Indtitute for Socid Research, University of Michigan, Ann
Arbor, MI
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PUBLIC COMMENTERS

Oral statements were made by:

Mark Russl, Ph.D., DuPont Crop Protection, on behalf of the FQPA Implementation
Working Group

Judith Schreiber, Ph.D., on behadf of the New York State Attorney Generd

Jennifer Sass, Ph.D. on behdf of the Natural Resources Defense Council

Written statements wererecaved from:
FQPA Implementation Working Group

INTRODUCTION

The Federd Insecticide, Fungicide, and Rodenticide Act (FIFRA),
Scientific Advisory Pane (SAP) has completed its review of the set of scientific issues
being consdered by the Agency pertaining to methods used to conduct a prdiminary
cumulative risk assessment for organophosphate pesticides. Advance notice of the
meeting was published in the Federal Register on January 15, 2002. The review was
conducted in an open Pand meeting held in Arlington, Virginia, on February 6, 2002.
The meseting was chaired by Rondd J. Kenddl, Ph.D. Mr. Paul Lewis served asthe
Designated Federa Officid. Mr. Kevin Cogtdlo (Office of Pesticide Programs, EPA)
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and Mr. Nelson Thurman (Office of Pesticide Programs, EPA) provided an assessment of
drinking water exposure.

CHARGE

1. After evauation of available monitoring data and consideration of the available tools
for estimating pesticide exposure in drinking water, the agency adapted available tools to
provide watershed-level estimates of resdues in drinking water sources. Thesetools
have been presented to the SAP in the past in relation to individua chemical assessments
and have been improved as aresult of pand feedback. Because of differences between
individual and cumulative assessments, this assessment reflects novel uses for some of
these tools. The gpproach used in the Preliminary OP Cumulative Risk Assessment:

. Used PRZM/EXAMS with the Index Reservoir, dong with local ste
characteristics to estimate concentrations in the drinking water reservoir

. Simulated multiple OP uses on multiple fields within that watershed

. Adjusted for areawithin the watershed that potentialy contributed OP
loads to the reservoir using a cumulative adjustment factor

. Provided a quditative, rather than quantitative, assessment of trestment
effects on residues

Are there ggnificant flaws in this gpproach and its assumptions that would be
likely to lead to conggtent significant underestimation of daily levels of residuesin
surface water across the caendar year (for instance, an order of magnitude)? If such
flaws exist, what can be done to correct them? What additiond information and/or tools
might be available that will meet the godsneeds of the cumulative OP assessment?

2. It isnot feasible to conduct drinking water assessments for every watershed in which
OP pedticides are used. Therefore, regional water exposure assessments were used to
represent exposures from typical OP usage conditions at one of the more vulnerable
surface watersheds in the region. Each regiona assessment focuses on areas where
combined OP exposureis likely to be among the highest within the region as aresult of
total OP usage and vulnerability of the drinking water sources. In this manner, OPPis
confident that if the regional cumulative risk assessment finds that exposure in water is
not asignificant contributor to the overdl OP exposurein that area, it will not be a
ggnificant contributor in other areasin the region.

Does the SAP see anything that would cal this assumption into question? If the
regiond approach, with its assumptionsis inadequate, what can be done to improve the
approach?
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DETAILED RESPONSE TO THE CHARGE

The specific issuesto be addressed by the Panel are keyed to the Agency's
background documents " Organophosphate Pegticide Prdiminary Cumulative Risk
Assessment”, dated December 3, 2001 and are presented as follows:

1. After evaluation of available monitoring data and consider ation of the available
toolsfor estimating pesticide exposurein drinking water, the agency adapted
availabletoolsto provide water shed-level estimates of residuesin drinking water
sources. Thesetools have been presented to the SAP in the past in relation to
individual chemical assessments and have been improved as a result of panel
feedback. Because of differences between individual and cumulative assessments,
this assessment reflects novel usesfor some of thesetools. The approach used in the
Preliminary OP Cumulative Risk Assessment:

. Used PRZM/EXAM Swith the Index Reservoir, along with local site
characterigtics to estimate concentrationsin the drinking water
reservoir

. Simulated multiple OP uses on multiple fields within that water shed

. Adjusted for area within the water shed that potentially contributed
OP loadsto thereservoir using a cumulative adjustment factor

. Provided a qualitative, rather than quantitative, assessment of
treatment effects on residues

Aretheresgnificant flawsin this approach and its assumptions that would
be likely to lead to consistent significant under estimation of daily levels of residues
in surface water acrossthe calendar year (for instance, an order of magnitude)? If
such flaws exist, what can be doneto correct them? What additional information
and/or tools might be available that will meet the goals/needs of the cumulative OP
assessment?

The Pandl concluded that the Agency’ s gpproach to addressing drinking water
was correct and agreed with the Agency’ s position that OPs from drinking weter are
likely to be aminor part of total exposurein amogt dl cases. However, fuller
characterization and interpretation of these andyses would increase confidence in the
present analysis and set the stage for subsequent cumulative risk assessments of other
pesticides. It was suggested that the Agency conduct a sengitivity analyss of their
modeled results to better understand the reasons for the variations in exposure and better
define the extent of exposure. In the future, more explicit incluson of transformation
products, particularly the oxons, is essentid. If exposure viadrinking water is potentially
greatest for some well defined subpopulations (e.g. young infants bottle-fed formula
made from powder and water), such exposures should be characterized. The Agency
should dso consider the potentid effects of spills and non-agricultural OP uses on
drinking water. More quantitative assessment of the effect of water trestment processes
on the OPs and their transformation products should be included. Finaly, the Agency
should make better use of the existing monitoring data and continue to collect new
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monitoring data for vaidation of the modeling predictions. An eaboration of the Pand’s
conclusions are provided below.

The Agency should be commended for its efforts in estimating the exposure of
OPsin drinking weter given the time and data congtraints. They have followed and
exceeded the recommendations of previous Pands for modeling the water portion of the
cumuletive assessment. The efforts have degantly extended the PRZM modeling tool by
incorporating multi-chemica with multi-gpplication scenarios usng redidtic
characterigtics for the modeled watershed. Sufficient work may have been completed
dready that could be used to generate ajournd article(s) documenting the performance
of PRZM/EXAMS and the Index Reservoir modeling approach.

The Agency presented a conservative gpproach to estimate pesticide exposuresin
water. In addition, based on monitoring observations, the Agency correctly suggested
that drinking water derived from surface water will yield greater exposures to OPs than
drinking water derived from ground water.

The Pand acknowledged that the effort to characterize the contribution of
drinking water to overdl exposuresto OPs s limited by the nature of the field data that
are avalable. The Agency’s determination that monitoring data are too sparse and not
aufficiently well coupled to use patterns in generating cumulative risk assessmentsis
partidly judified. The Pand concluded that more could have been done with the
monitoring data than just comparing the maximum vaues on aregiond basis.

While the Pand acknowledged that the current modd is a useful tool for first tier
assessments, the Agency should consider other tools. Modding may need to move
beyond the surrogate fields and index reservoir gpproach. A number of investigators
have used GIS gpproaches with existing databases to scale models such as
PRZM/EXAMSto large areas. GIS techniques were used to apply the GLEAMS modd
(smilar to PRZM) to dl of Indiana (see http://danpatch.ecn.purdue.edu/~napral for
details). Such gpproaches could be used in gpplying PRZM/EXAMS to watersheds
throughout the US at the scale of interest.

Monitoring should adways be conddered an integrd part of assessing the drinking
water exposure route. 1t would be good to conduct additiona, well-planned monitoring
activities to help vaidate modeing predictions. The Agency might also look into
developing a quick and senditive bioassay that would detect the OPs as a group to be used
as ascreening tool on a monitoring program.

The spray drift addition to the modeling gpproach is an excdlent addition and
seems reasonable. It will likely provide estimates of peticides in weter that are
conservative (higher than those likely to occur). The spray drift component however is
very smdl reative to the overdl levels of pesticides likely to reach the reservoir. The
occurrence of arborne pesticides from agricultura applications should aso be included
in the inhaation exposure of the cumulative assessment. From the literature of pesticides
inrainand ar, it isknown that there is trangport away from agriculturd fields and that
people are exposed to alow concentration for extended periods of time. Thisisone
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potentialy important route of exposure that is currently not included in the cumulative
assessment.

While generdly consarvative, there are afew waysin which the PRZM/EXAMS
modeling scenarios could be underestimating the effect of the OP pegticides. Firg, the
extent of the incorporation of transformation products in the water, as an output of the
PRZM/EXAMS, is probably not adequate. The transformation products, especidly the
oxons, could be avery important component of the water assessment. From the
literature, it is known that substantia transformation occurs in the field and, thus, the
transformation products, including the oxons, are available for trangport into and through
the surface water system. The current documentation is unclear asto how the OP
transformation products are being included in the PRZM/EXAMS modd. Also, a better
estimation of transformation by oxidants used in drinking water trestment needs to be
explicitly addressed. Thisisa problem not limited to the OPs.

The Agency is correct to bring attention to the potentia transformation products
of OP pegticidesin drinking water. Thisis especidly true of the oxidation products that
are produced as aresult of the disnfectants routinely used in the treatment of surface
waters, and of ground waters under the influence of surface water. This has not been a
factor recognized in the development of drinking water Sandards. Therefore, it is
essentid that the Agency and registrants begin to address this issue for those compounds
whose use patterns are such that they have some probability of impacting water supplies.
It isimportant to recognize that this problem is not peculiar to OP pesticides. Pesticides
that have amoiety that can give rise to dimethylamine result in the formation of N-
nitroso-N-dimethyamine (NDMA) with the chlorination and especidly chloramination of
drinking water. Other amine precursors are likely to give rise to other nitrosoamines.
The Agency has not yet considered the potential of ozonation, another common
disinfection process, to create transformation products. Neither hasit consdered the
effect of sorption process (activated carbon, anthracite) on the remova of the compounds
from water. In generd, this area of the effect of water trestment processes on the
removal of parent compounds and the creation of transformation products needs
continued and increased attention with a more quantitative goproach.

Second, the PRZM/EXAMS tool only models the non-point runoff processes. A
few of the highest concentrations that have been observed in monitoring pesticides in
north-western Ohio do not appear to be due to this non-point runoff. They do not occur
during storm runoff, and may not occur at times of year when high concentrations are
expected. Quite possibly they represent spills or improper disposa practices (intentiona
dumping of excess pegticides). These are not expected to occur more frequently than
once in ten years for any given watershed, but such an event might increase the average
concentration in the year of the event by 30% or more. Although spills or improper
disposdl practices fdl outside the regulatory mandate of the Agency, it isimportant thet
they be included in a cumulative risk assessment.

Third, the contributions of non-agricultura uses of the OPs are not included in the
PRZM/EXAMS modding for drinking water. Thiswould include outdoor resdentid
uses, public hedlth uses, and indoor uses that reach the sawers (e.g. pet shampoos).
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These non-agricultura sources to surface waters have been shown to be important and
should be considered in the overdl assessment of drinking weter.

Fourth, subsurface drainage (i.e., tile drains) is not dso considered in the current
modeling effort. The subsurface trangport and ddivery may or may not be significant for
the OP pedticides, but it will be important for other pesticides. One method that may be
used isto assume that pesticides that leach below the root zone are partidly returned to
surface water intiled areas. A quantitative estimate of this can be made by multiplying
the concentration of the pesticide in the leach water by the percentage of subsurface
drainage in a county/watershed. Subsurface drainage estimates can be obtained from the
USDA Census of Agriculture data (only available in older 19705/1980s Census of
Agriculture databases). In addition, irrigation may play an extremdy important rolein
the movement of pesticides for some regions. How well does PRZM capture the
influence of irrigation on OP runoff? Additiona details on how irrigation was trested by
the modd should be included.

Fifth, the twelve geographic regions modeled are quite heterogeneous. There are
within-region variaions that are amogt as large as across the nation. Mgor crops are
frequently highly locdized within these regions. Thismay be reflected in uses of
particular peticides that are localy intense rather than being spread across dl the arable
land in the watershed. The lack of homogeneity can be reflected over rdaively small
areas. It could be that the choice of modeled areas might not provide concentration
estimates that are as conservative as hypothesized. The choice of the Willamette Valey
in the Pacific Northwest would be one example.

Sixth, the current approach to modeling drinking water exposures assumes that
the most vulnerable watersheds have been identified, that areas of the highest pesticide
use will give the grestest concentrations of pesticides in water, and that the model
provides reasonable estimates of pesticide movement to water (again points out the
importance of avalidated modd). There are likely other sgnificant assumptions. Many
of these assumptions are stated in the Agency’ s background documents. Such statements
of assumptions are useful to the readers of the documents. Further, such explicit
Satement of assumptions can be hepful in minimizing misuse and misinterpretation of
the modded results. A review of the assumptions sated in the documentation is
gppropriate in order to insure that the most Sgnificant assumptions are documented.

Seventh, the Pand commented that the Agency chose avery vulnerable area of
the region but used typica gpplication rates and typica gpplication timing. In order to
better show that the modd predictions are protective, it would be useful to conduct a
sengtivity andyds of the PRZM/EXAMS modd. This might indude varying the
application rate, pplication timing, K. vaues, fidd disspation haf-lives, and other
parameters over the true range that could be expected in the given watershed. The effect
of thetiming of pesticide gpplication may be particularly important. In redity, not dl
pesticides are applied on the same day and the date of the maximum application within a
watershed can vary greatly from year to year. It isnot clear that the current assumption
of gpplications occurring on asingle day with the 30-40 years of weather data realy
provide a“wordst” case scenario. It ispossible that a distribution of application dates
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might result in a“wore” case scenario. The use of longer weather records may be better
for identifying “worst” case scenarios with the current assumption of peticide
goplication on asingleday. Also, the westher data used is not ways very “loca”. For
example, for the “Heartland” region, the watershed isin lllinois and the weether data
used isfrom Ohio. Could this be improved? Findly, with regard to water consumption,
exposure to some sensitive groups may not be adequately addressed. Drinking water
provides virtudly al the fluid intake of a young infant bottle-fed formula made from
powder and water. Exposure to this group requires attention and examination.

It must be pointed out that the current modeling effort lacks redlism. Thereisnot
adirect connection between the modeling scenarios and surface-water-derived drinking
water sysems. The assumption was made, based on field observations, that drinking
water derived from surface water will yield grester exposure to OPs than drinking water
derived from ground water, and thus the results of the PRZM/EXAMS modding would
be protective of dl drinking water sources. Condderations that could influence the
accuracy of estimates include the fact that reservoirs in much of the country are Sted in
protected watersheds. As an example, thisisfound in mountainous regions of the U.S.
Even in such circumstances, there are steps usudly taken to protect the reservoir.
Furthermore, drinking water intakes on rivers or reservoirs are often times placed to
minimize the withdrawa of water from vulnerable parts of theriver. There areimportant
differencesin tempora patterns of concentration in rivers/streams versus reservoirs, and
the reservoir modd does not do a good job of mimicking the river concentration patterns.
Average concentrations in rivers and streams may be somewhat higher because average
resdencetimeissmdler. Certanly the day-to-day varigbility will be higher in rivers.
Whether or not thisisimportant depends on the linkage between exposure and effects. If
the hedth effects are determined only by medium to long-term average exposure, then
thisis not an important difference. But, if the fluctuation of exposure from day to day is
important (“acute’” exposures), the gpproach may not be sufficiently realigtic for
populations that take their drinking water from rivers.

How does the Agency believe the exposure profile provided by PRZM/EXAMS
Index Reservoir model compares with what would redly be present in the same
hypothetical reservoir? While comparisons are made between mode results and
maximum observed concentrations, what about the rest of the predicted or potentialy
observable concentration distribution? Are there aspects of the modeling that might lead
to over predicting by an order of magnitude the mean concentration, or even the upper
percentiles of concentration, such asthe delivery of 100% of the edge-of-field runoff to
the reservoir, assumptions about timing of gpplication to fields in the watershed, and 0
forth?

The current document indicates that observed regiona OP detections in water
exceeded the PRZM/EXAMS and Index Reservoir modeled estimates in some cases.
Further investigation of these cases would seem gppropriate to determine the likely cause
of the differences (e.g. isit due to extreme westher, pesticide spills, urban influences,
etc?). Furthermore, it would be useful to compare the complete distribution of
concentrations observed in field observations to the predicted concentrations from the
PRZM/EXAMS modding. The NAWQA studies were not designed to meet the
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Agency’s needs for OPs, but they do provide considerable generd information about how
factors on the watershed influence contamination of water. 1f the Agency were ableto
match these analyses with the tempora pesticide use patternsin this areg, it might even
serve to vaidate some of the assumptions at relatively smal cogt. In other words, there
seems to be apossbility of amore robust use of the NAWQA data than isimplied on
page IE25 in the Agency’ s background document as the Agency goes forward with the
concept of cumulative risk assessments.

2. It isnot feasible to conduct drinking water assessmentsfor every watershed in
which OP pesticidesare used. Therefore, regional water exposur e assessments were
used to represent exposures from typical OP usage conditions at one of the more
vulnerable surface water shedsin theregion. Each regional assessment focuses on
areas where combined OP exposureislikely to be among the highest within the
region asaresult of total OP usage and vulnerability of the drinking water sour ces.
In thismanner, OPP is confident that if the regional cumulative risk assessment
findsthat exposurein water isnot a significant contributor to the overall OP
exposurein that area, it will not be a significant contributor in other areasin the
region.

Doesthe SAP see anything that would call thisassumption into question? If
theregional approach, with itsassumptionsisinadequate, what can be doneto
improve the approach?

The Pand commended the Agency for its extensve work to develop adetailed
regiond assessment methodology that strives to be conservative and protective, yet
redidic in its treetment of regiond differencesin climate, soils, application of OPs, and
mechanisms of movement from the land to the weter.

The Pand concluded that the regional assessment would generally be protective
of the region asawhole, not just of the reservoir modded. Exceptions might be found
among afew small surface water-based water supplies, particularly in areas of
concentrated OP application. Exceptions might aso occur at infrequent intervals when a
water supply was impacted for a short time by an extreme runoff event, or by events not
included in the modd, such as spills or intentional dumps of pesticides into watercourses.

For drinking water exposure, the concern may be not what a population is
chronically exposed to, but the probability that an unusua exposure might occur. These
events are sufficiently rare that they are not subject to regulation, and events such as
spills are not likely to be detected in monitoring programs such as those used in the
present analysis or especidly those mandated for drinking water compliance monitoring.
It is unclear how spikes from spills might be detected, unless some mechaniam for timely
reporting of the spill itsdf were in place to trigger intensve sampling downstream. The
appropriate questions for OPs are whether such events are likely to exceed acute toxicity
thresholds, and whether they are of sufficient magnitude and duration to lead to multiday
(e.g. 21-day) averages that exceed chronic levels of concern.
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Severd respondents asked the Agency to provide further information about the
relationship between the modd results and actua exposures from drinking water in the
regions. What can be learned from occurrences of observed concentrations that are under
predicted by the model? How often and to what extent does the model over predict
concentrations, both average and extreme, for water systems within the assessment
region?

Most of the concerns expressed by the Panel addressed details of the modeling
gpproach or ways in which the gpproach might be insufficiently developed for
gpplication to groups of pesticides other than OPs, particularly if the drinking water
exposure pathway were more important than it appears to be for the OPs.

Many of the concerns could be addressed by sengtivity andyses. Such an
investigation should explore the following issues:

(1) Whether the assumption that all OPs are applied on the same day is consarvative.
(2) The importance of spray drift.

(3) Theimpact of using weether data drawn from a different place in the region than the
place chosen for locating the modeled reservoir.

(4) The importance of transformation products (i.e. degradates) to the overall exposure.
(5) Theimpact of heterogeneity within the region: in climate, soils, land use, and use of
OPs.

(6) Whether the modd is sufficiently conservative to be protective of al geographic
segments of the region.

The Pand raised concerns about applying the current model to other as yet
undesignated groups of compounds. These include: (1) insufficient resolution to reflect
conditionsthat are truly loca in scale, rather than regiond asisthe modd; (2)
correspondence between the modd and “redlity”: Does the modd provide exposure
profilesthat are not sufficiently protective, and if so in what parts of the distribution or
under what circumstances? Are the results overly protective, and if so to what degree do
they overestimate the distributions of concentrations at Stes throughout the region??; (3)
the modd! is not adequate to address groups of compounds for which the mgor pathway
to human exposure is through ground water.

Findly, the Pand recommended that the Agency should develop a better gbility to

model urban uses of pesticides, subsurface drainage, and irrigation, and expand its
cgpability to modd the effects of treatment in the drinking water supply plant.

RX'5 Page 45 of 95



SAP Report No. 2002-01

REPORT:
FIFRA Scientific Advisory Panel Meeting,
February 5-7, 2002, held at the Sheraton Crystal City
Hotel, Arlington, Virginia

A Set of Scientific Issues Being Considered by the
Environmental Protection Agency Regarding:

METHODSUSED TO CONDUCT A PRELIMINARY
CUMULATIVE RISK ASSESSMENT FOR
ORGANOPHOSPHATE PESTICIDES

SESSION 4: ASSESSMENT OF RESIDENTIAL/
NON-OCCUPATIONAL EXPOSURE

Ms. Olga Odiott Stephen Roberts, Ph.D.
Designated Federd Officid FIFRA SAP Session Chair
FIFRA Scientific Advisory Panel FIFRA Scientific Advisory Panel
Date: March 19, 2002 Date: March 19, 2002

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

45

RX'5 Page 46 of 95



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Federal Insecticide, Fungicide, and Rodenticide Act
Scientific Advisory Panel Mesting
February 7, 2002

METHODSUSED TO CONDUCT A PRELIMINARY CUMULATIVE RISK
ASSESSMENT FOR ORGANOPHOSPHATE PESTICIDES

SESSION 4: ASSESSMENT OF RESIDENTIAL/NON-OCCUPATIONAL
EXPOSURE

PARTICIPANTS

FIFRA SAP Session Chair
Stephen M. Roberts, Ph.D., Professor and Program Director, University of Florida,
Center for Environmental & Human Toxicology, Gainesville, FL

Designated Federal Official
Ms. Olga Odiott, FIFRA Scientific Advisory Pand Staff, Office of Science Coordination
and Policy, EPA

FIFRA Scientific Advisory Panel Members

Ronad Kendall, Ph.D., Professor and Chairman, Department of Environmental
Toxicology, Director, The Inditute of Environmental and Human Hedlth, Texas Tech
Univergty, Texas Tech University Hedth Sciences Center, Lubbock, TX

FQPA Science Review Board Members
John Adgate, Ph.D., Associate Professor, University of Minnesota, School of Public
Hedlth, Minnegpolis, MN

William Brimijoin, Ph.D., Department of Pharmacology, Mayo Clinic and Medica
School, Rochester, MN

Richard Bull, Ph.D., MoBull Consulting, Kennewick, WA

Rory Conally, Sc.D., Director, Center for Computational Biology and Extrapolation
Modeling, Chemica Industry Inditute of Toxicology Centers for Hedth Research,
Research Triangle Park, NC

Patrick Durkin, Ph.D., Vice President, Syracuse Environmental Research Associates, Inc.
Fayetteville, NY

Nataie Freeman, Ph.D., Robert Wood Johnson School of Medicine, Department of
Environmenta and Community Medicine, Piscataway, NJ

Dae Hattis, Ph.D., George Perkins Marsh Ingtitute, Clark University, Worchester, MA

46
RX'5 Page 47 of 95



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Jean Harry, Ph.D., Nationa Ingtitute of Environmental Health Science, Research
Triangle Park, NC

Steven Heeringa, Ph.D., Ingtitute for Socid Research, University of Michigan, Ann
Arbor, MI

Ernest McConnell, D.V.M.., Presdent, Toxpath Inc., Raleigh, NC

Peter Macdondd, D. Phil., Professor of Mathematics and Statistics, Department of
Mathematics and Statistics, McMaster Univerdty, Hamilton, Ontario, Canada

Nu-May Ruby Reed, Ph.D., Staff Toxicologist, Cdifornia Environmental Protection
Agency, Department of Pesticide Regulation, Sacramento, CA

Lorenz Rhomberg, Ph.D., Principa, Gradient Corporation, Cambridge, MA
PUBLIC COMMENTERS

Oral statementswere made by:
Jeffery Driver, Dr.. Ph, Infoscientific.com, on behaf of the FQPA Implementation
Working Group

Written statements werereceived from:
FQPA Implementation Working Group

INTRODUCTION

The Federd Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific
Advisory Pand (SAP) has completed its review of the set of scientific issues being
consdered by the Agency pertaining to methods used to conduct a preliminary
cumulative risk assessment for organophosphate pesticides. Advance notice of the
mesting was published in the Federal Register on January 15, 2002. The review was
conducted in an open Pand meeting held in Arlington, Virginia, on February 7, 2002.
The meeting was chaired by Stephen Roberts, Ph.D. Ms. Olga Odiott served asthe
Desgnated Federd Officid. Mr. Jeffrey Evans (Office of Pesticide Programs, EPA)
provided an assessment of residentia and non-occupationa exposure.

CHARGE

1. Higtoricdly, the Agency has rdied on means (primarily arithmetic or geometric) from
residue and exposure sudies for key input variables in exposure assessments. The recent
development of calendar based models and others having features to incorporate
disgtributions of exposure values has presented the Agency an opportunity to consder
using al available data points from existing exposure and resdue studies.  In the
Cumulative Risk Assessment Case study presented to the FIFRA Scientific Advisory
Panel in September, 2000, most of the exposure variables were presented as uniform
digributions. The exceptions were for variables that are reasonably well established ,
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such as exposure durations taken from the Agency’ s Exposure Factors Handbook. The
data used in the Case Study and inthe PCRA, are bdieved to be from well conducted
sudies of generdly high quality. However, these data sets tend to be smdl (eg., n=10-
30) and are being used to address wide variety of exposure Situations. The uniform
distribution appears to be most appropriate for these rdatively small data sets because it
relies on easly established vaues such as the minimum and maximum and provides the
most conservative estimate of the standard deviation (riskanald @lyris.pnl.gov).

Does the Pand have any additiona comments or thoughts on OPP s use of the
uniform digtribution in generd or on OPP' s sdection of the uniform digtribution for the
specific parameters chosen? What criteria, if any, would the SAP recommend for
developing parametric input digtributions from available data? Under what
circumstances, if any, would it be appropriate to use available data empiricaly? Does
the Pand have any recommendations on how senstivity anayses could be performed to
determine if the assumption of a uniform distribution is respongible for amgority of the
risk a thetails of the exposure distribution.

2. The use of caendar based models aso alows exposure assessors to consider exposure
from avariety of sources from the same or from different chemicals. Longitudina

survey data such as the National Human Activity Pattern Survey (NHAPS) are available
for condderation by HED for use in future assessments.  In addition, from a practical
standpoint, the use of such survey data ensures combinations of exposure do not come
from unredlistic random combinations that current models may produce (e.g., activities
adding up more than 24 hoursin a day).

The use of calendar based models provides an opportunity to explore the potentia for
the co-occurrence of multiple sources of exposures from resdentid pathways. Inthe
cumulative assessment, OPP used summary statistics from sources such as the Exposure
Factors Handbook (EFH) regarding the time spent indoors, time spent on lawns and time
spent at other outdoor locations.  In the preliminary assessment, we assumed these
activities were sochadticdly independent.  OPPis currently evaluaing dataiin the EFH
such as data from the National Human Activity Pattern Survey (NHAPS) to determine if
it can directly incorporate (i.e., empiricaly) information on an individud’ s activity
patterns over afull day from this database to account for the likelihood and duration that
anindividua might be exposed to a pesticide through various activities over the course
of aday. Please comment on whether and how OPP might directly incorporate NHAPS
(or amilar time use data) into the software to better account for variation in activities
across individuas?

DETAILED RESPONSE TO THE CHARGE
Generd Comments on the Residentid and Non-occupational Exposure Assessment

»  The Pand concluded that the PCRA should show dl age groups of children for
transparency purposes.
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» Conditiond probabilities (e.g., proportions of the yard that are garden and not garden
cannot total more than 100%) and co-occurrence of uses (e.g., of both scenarios and
product use within scenarios) need to be dedlt with systematically, so that redigtic
longitudina use peatterns are reflected in the assessment.

» Indtitutiona exposures (i.e., schoals, day care centers, etc.) should be explicitly
addressed in the document.

» Themost important priority for the Agency in the area of residential exposure should
be to update the assessment based on the guidance provided by the Panel and to
conduct aforma sengtivity analysis of the mode to determine the chemicals, routes,
and scenarios that determine the greatest exposures under the mode.

The specific issues to be addressed by the Panel are keyed to the Agency's
background documents " Organophosphate Pesticide Prdiminary Cumulative Risk
Assessment”, dated December 3, 2001, and are presented as follows:

1. Historically, the Agency hasrelied on means (primarily arithmetic or geometric)
from residue and exposure studies for key input variablesin exposur e assessments.
Therecent development of calendar based models and other s having featuresto
incor por ate distributions of exposur e values has presented the Agency an
opportunity to consder using all available data points from existing exposure and
residue studies. Inthe Cumulative Risk Assessment Case study presented to the
FIFRA Scientific Advisory Panel in September, 2000, most of the exposure variables
wer e presented as uniform digtributions. The exceptionswerefor variablesthat are
reasonably well established , such as exposure durations taken from the Agency’s
Exposure Factors Handbook. The data used in the Case Study and in the
preliminary CRA, are believed to be from well conducted studies of generally high
quality. However, these data setstend to be small (e.g., n = 10 - 30) and are being
used to addresswide variety of exposure situations. The uniform distribution
appear sto be most appropriate for these relatively small data sets becauseit relies
on eadly established values such asthe minimum and maximum and providesthe
most conser vative estimate of the standard deviation (riskanalal @lyris.pnl.gov).

Doesthe Panel have any additional commentsor thoughts on OPP’ s use of the
uniform distribution in general or on OPP’s selection of the uniform distribution for
the specific parameterschosen? What criteria, if any, would the SAP recommend
for developing parametric input distributions from available data? Under what
circumstances, if any, would it be appropriate to use available data empirically?
Does the Panel have any recommendations on how sensitivity analyses could be
performed to determine if the assumption of a uniform distribution isresponsible
for amajority of therisk at thetails of the exposure distribution.

While the Pandl endorsed the use of probabilistic techniques for residentia
exposures, it believes that the widespread use of uniform digtributions in the draft
cumulative risk assessment digtorts the variability and uncertainty in parameters to which
itisagpplied. Even with existing uncertainties and smal data sts, it is possible to assign
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shapes to digtributions using data, decision criteria, and professiona judgment, thereby
providing more defensible assessments. More formal sengtivity andyses should not be
performed until this guidance on gppropriate use of uniform and other distributions has
been incorporated into the andlysis. A more detailed response to the Agency’ s question
is provided below.

Use of Uniform Distributionsin Probabilistic Assessments

The Agency gaff should be commended for agood initid effort to gpply the
techniques of didributiond andlysis to represent the population variability of
residentia/non-occupationa exposures to peticides. Unfortunately, the choice of the
uniform digtribution as a default assumption for generic gpplication to limited deta sets
and summary datigicsis often ill-advised.

Past Pandls of the SAP recommended the use of the uniform distribution in cases
where data were sparse or uncertain. The uniform distribution, which sets a minimum
and maximum and assumes each vaue within that range is equaly likely, isthe Smplest
way of representing uncertainty in modd input. Itsuseis gppropriate if arange of vaues
thet are possible can be identified, and dl vaues seem equdly likdy. This
notwithstanding, the assumption of uniform didtribution may serioudy distort the
character of acumulative risk assessment because cases where al vaues are equaly
likely arerdatively rare. Using auniform digtribution means that extreme vaues may be
weighted more heavily than their red contribution would be if the shape of the origind
digtribution were used ingtead. For example, if the origina data had an exponentia
digtribution, those few high vaues when placed in a uniform distribution might be
sampled more frequently in the modd.

In the experience of one Pand member who has reviewed many probabilistic risk
assessments over the past severd years, the uniform distribution is the single most over-
used didribution, and nearly aways sgnificantly distorts reasonably available
information about the variability or uncertainty of the parametersto which it is applied.
Thisis particularly the case where there are limited directly observed data

Andydts often give the perceived smplicity of the uniform digtribution as an
important attraction. Moreover thereis often an impression, as sated in the text
paragraph introducing this question, that “it relies on esslly established values such asthe
minimum and maximum...” Infact it isnot so easy to gopropriately establish true
minimum and maximum values from observed ranges of data from limited sets of
empirical observations. It isincorrect to assume that the largest and smallest valuesin a
group of 10-30 data points or fewer represents the true minimum and maximum values
that the parameter can assume.

Moreover, there are few cases where the mechanisms that cause measurements or
estimates of exposure-related parameters to vary among people create situations where
thereis no greater chance of producing a case near the center of adistribution than at its
extreme end (as required for the uniform distribution to be correct). Much more
commonly, factors that cause exposure to differ from one individua to another tend to

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

50

RX 5 Page 51 of 95



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

interact multiplicatively—leading, when these factors are numerous, to expectations of a
lognormal distribution. Sometimes, where a categoricd factor or two islikely to have a
grong influence (e.g., wearing short deeved shirts versus long deeved shirts; or short
pants vs. long pants influencing derma exposure from hand spraying on page 14 of
section 1D) it isgood to create mixtures of lognormd didtributions, weighted by their
expected frequency, to represent the influence of those different known cases.

The uniform digtribution is appropriate in cases where: (1) it is physcaly impossible
for the parameter to take on vaues outside the limits and (2) there redlly is no grester
likelihood for values close to the center of the range rather than at either end. For
example, using a uniform digtribution to represent the day of the week that a meteor
might land is an gppropriate use of the uniform digtribution. It is the experience of one
Pand member that the uniform distribution is often selected in cases where there can be
no solid assurance that the parameter cannot take on values outside the stated range. In
attempting to select a defined absolute range, the andy4t is very vulnerable to the psychic
trgp of overconfidence. Overconfidence, the genera underestimation of uncertainty and
or assgning confidence limits that are too narrow, is one of the best documented
phenomenain risk analysis. This gpplies to both subjective evauations by experts and
non-experts (Tversky and Kahneman, 1974; Alpert and Raiffa, 1982; Lichtenstein and
Fischoff, 1977), and to supposedly objective numerica caculaions by physicists
(Shlyakhter and Kammen, 1992).

Unfortunately, the current PCRA document does not provide a detailed description of
the data underlying its various choices of uniform digributionsin the text. The Pand
provided summary comments on the various specific gpplications of the uniform
distribution described in Section 1D of the Agency’ s background document
"Organophosphate Pegticide Preliminary Cumulative Risk Assessment”, dated December
3, 2001:

On page 9 of the PCRA, ajournd article by Vinlove and Torla (1995) is cited as
reporting average and median lawn Szes as smilar a about 13,000 square feet. This
does seem rather large. However, at least for the types of housing developments
consdered, the smilarity of means and medians would ordinarily suggest use of a
normd digtribution. The consderation mentioned in the paragraph—that the stated
centrd estimate neglects such subtractions from lawn size (decks and gardens), which
reportedly can take up as much as 50% of the lot not occupied by the lawn, could be
represented by avariable multiplier. The effect of other types of housing, such asthe
townhouses mentioned in the next paragraph, should probably be represented by a
distinct mode with its own mean and standard deviation (or log mean and log standard
deviation, if alognormd is chosen). One aspect that should be considered isthat larger
lawns will often require alonger time of pesticide application (and therefore direct
exposure), or the use of more automated methods of application with potentialy different
characterigics of emissions and resulting transfer efficiencies.

On pages 11 and 13 of the PCRA, fourteen gpplications of the uniform distribution
are mentioned. In generd, the ends of the ranges provided differ from one another many
fold (eg. 7-fold for inhaation exposure from a hand pump sprayer; over 1800-fold for
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inhaation exposure from a hand garden duster). Such large mulltiplicative ranges, based
presumably on data sets with limited numbers of observations strongly suggest use of
lognormal didtributions.

One exception to thisis the number of trestments per season, which clearly must be
represented by a distribution that can take on only discrete integral vaues. A Poisson
digtribution isapossible choice in that it can be estimated from only a single piece of
information (e.g. the mean number treatments per season per home). A binomid
digtribution is another possible choice.

A modified Poisson digtribution can aso be useful for cases where there is a defined
upper limit to a process (e.g. the fraction of pesticide in soil on fingersthat is removed on
inserting a child' sfingersinto hisher mouth). In this case, the fraction dearly must have
an upper limit of 1.

One Pand member suggested alognormal distribution of transfer rates k among
children, and then modeling the fraction of soil particles'molecules tranferred as the
fraction that receives one or more absorption “ hits’ defined as:

Fraction Absorbed = 1 — Fraction of molecules with 0 Poisson “hits’ =1 —e*
Ask goesto large vaues, this naturaly approaches the upper limit of 100% absorption.

Specid attention isin order for the last gpplication of uniform digtributions
mentioned on page 13 of the PCRA—a separate uniform distribution for each of six
sample periods for observations of emissons of DDV P from pest strips over 90 days
combined with alimited set of air concentration data. This merits more extensive
attention because it gppearsto be an influential mode of OP exposure for higher
percentiles of the population digtributions in some regions. Rather than a uniform
digtribution for a series of severa periods, it would be better to fit a plausible continuous
function modeling the loss of materid from the srips over time. Air concentretions
should be modeled in part using data on the varigbility of house Szes and air exchange
rates during relevant seasons of the year. Much data of the latter type for housesis
available from the literature describing indoor air radon exposures.

In summary, the uniform distribution represents the first step in a continuum that
runs from uniform (the smplest case) to well-characterized distributions (normd, log-
normal, gamma, etc.) based on well-understood phenomena and/or large unbiased data
sets. Asthe Agency chooses the digtributions for various parameters for probabilistic
resdentia exposure assessment, it isimportant to apply a systematic processto
determine or assgn digtributions to uncertain variables. Choosing the correct distribution
requires both a clear set of decision rules and experience in the process of distributed
andyses. The following section briefly outlines the Panel’ s conclusions as the most
important issuesin this process. Severa examplesin the following text discuss some of
the andytica process the Pand suggests adopting to make decisions on choosing the
right distribution.
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Assigning Distributions Under Uncertainty

Assigning adistribution to sparse and/or uncertain data requires both decison rules
and professond judgment. Some on the Pandl concluded that the decision should be
largely based on what is suggested by the existing data, even when sparse. Others on the
Pand advocated use of judgment and experience with the underlying phenomenafor
determining the properties, such as shape and centrd tendency, of the distribution. These
are two complementary gpproaches, and the Pandl is united in the view that the uniform
digribution is overused in the resdentia assessment. Thus, judicious gpplication of
these two gpproaches will result in defensible choices for didtributions. The following
section describes processes that can be used to determine the nature of a distribution from
data as well as some guiding principles and examples.

In examining limited data sets to determine their distributiona properties, there are
datigtica teststhat can be employed to evauate the shapes of didtributions of smal
samples and tests for normdity. These include the Kolmagorov-Smirnoff test with
Lilliefors transformation (also known asthe Lilliefors test) and the Shapiro-Wilkes test.
These can dso test the hypothesis that the digtribution isuniform. If a data set failsthe
tegt thet it is uniform, then the uniform distribution should not be used.

Parametric input distributions from available data can be developed using an iterative
process Smilar to good laboratory practices for animal studies, procedures that insure
that studies used to develop digtributions: 1) are done in ascientifically defensible
manner; and 2) provide data that is satisticaly defengble. Thefirgt point hasto do with
performing the study using standard scientific methods, such as standard QA/QC
protocols that characterize measurement error and variability. For chemical
measurements this means appropriate use of method, field, lab, and cdibration blanks;
development and tracking of cdlibration curves over time; and repeat analysis of standard
reference materids, internd standards and/or spiked samples. Anal ogous processes for
survey insruments, such as questionnaire validation, internal consistency checks, and
error checking on data entry are so appropriate. Statistically defensible datais not
merely a question of sample Sze, but of characterizing the important features of the sudy
design that affect the ultimate derivation of data useful for the PCRA. This means using
gudies that have large enough sample sizes to characterize tempora, patid, and intra:
individua variability. It dso meansthe resulting empirica digtribution of dataisagood
estimator becauseit is consgtent (i.e., as sample size increases, the measure of central
tendency in the sample converges on the population measure of central tendency),
unbiased, robudt (i.e, relatively insengtive to departures from the underlying
digtribution), and practicd (i.e., it balances the above features with the gppropriate time
and resource congtraints) (Morgan and Henrion, 1990).

A 1994 paper in the journd Risk Andysis (Hattis and Burmaster, 1994) gives a series
of rules and examples of mechanismsthat give rise to different didributiond forms.
Experience and the basic idea that variability is often the result of the combined action of
many factors acting multiplicatively indicates that the lognorma form is most often the
best choice for exposure-related data where there is limited information. Both norma
and lognormal distributions have just two parameters, and are thus no more complex
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daidicdly than auniform digtribution. Derivation of the parameters of lognorma
distributions can be done if asmple range is given together with the number of
independent observations that gave rise to that range. Means and other measures of
dispersion, such as a standard deviation, can aso be used to estimate the parameters of
lognormd digtributions.

Use of Sensitivity Analysis

One of the Pand’s principa conclusionsis that widespread use of uniform
distributions (by one tabulation, they were assumed in 11 of 21 cases cited in the draft
PCRA) will digtort exposure, especidly in thetalls of the digtribution. As such, the Pand
does not recommend performing aforma senstivity analys's until more work has been
done by the Agency to consider the Pandl’ s recommendations in response to this
guestion.

Nonethdless, the Pand believes that a sengtivity andyssisimportant for
examining the outcomes of the modeled exposures and risks, and once the model is
recongtituted, a forma sengtivity anadysis should be conducted. Thisandyss should
attempt to see how model outputs change after removing ether scenarios or active
ingredients. Thiswill be avauable exercise for examining the routes and pathway's that
drive the andyss and will provide information for the risk characterization section of the
assessment that risk managers will no doubt find valugble.

Ultimately what would be most vauable isto develop confidence limits on the
find modd outputs. This can only be doneif variability and uncertainty are explicitly
treated as separate entitiesin a 2 stage probabilistic andyss. Thefirst stage samplesthe
variability digtributions (e.g., measurement error), while the second stage samples from
the uncertainty digtributions (e.g., as aresult of smal sample size) and provides output
that has confidence limits over the entire range of estimated exposures and risks.

One Pandl member proposed a more pragmatic gpproach. Rather than paying too
much attention to the justification for a particular satistica distribution, this Pand
member proposed different choices to assess the difference each one makes. The Pandl
assumes that the smulation has been structured in such away that the choice of
digtribution could be easily changed. Lognorma, gamma, Weibull, or, for discrete data,
negeative binomid digtributions should be reviewed. Beta distributionswill be useful for
coefficients restricted to a [0, 1] range. These are standard two-parameter distributions
and fitting them by moments (sample mean and variance) will be adequeate.

2. Theuse of calendar based models also allows exposur e assessor s to consider
exposure from a variety of sourcesfrom the same or from different chemicals.
Longitudinal survey data such asthe National Human Activity Pattern Survey
(NHAPS) are available for consideration by HED for usein future assessments. In
addition, from a practical standpoint, the use of such survey data ensures
combinations of exposure do not come from unrealistic random combinations that
current models may produce (e.g., activitiesadding up morethan 24 hoursin a
day).
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Theuse of calendar based models provides an opportunity to explorethe
potential for the co-occur rence of multiple sour ces of exposures from residential
pathways. 1n the cumulative assessment, OPP used summary statistics from sour ces
such asthe Exposur e Factors Handbook (EFH) regarding the time spent indoors,
time spent on lawns and time spent at other outdoor locations. In the preliminary
assessment, we assumed these activities wer e stochastically independent. OPP is
currently evaluating data in the EFH such as data from the National Human
Activity Pattern Survey (NHAPS) to determineif it can directly incorpor ate (i.e.,
empirically) information on an individual’s activity patternsover afull day from
this database to account for the likelihood and duration that an individual might be
exposed to a pesticide through various activities over the course of a day. Please
comment on whether and how OPP might directly incor porate NHAPS (or smilar
time use data) into the softwar e to better account for variation in activities acr oss
individuals?

The Pand encourages the use of calender methods for the general population as
well asfor specid circumstances participating in or living in agricultura arees.

A concern with the exposure assessment asit is currently presented isthat risks
associated with possibly two very sgnificant activities: (1) the consumption of home
grown fruits and vegetables and (2) exposure from drift in agriculturd gpplications, are
being overlooked. The Pand does not know the size of these populations but this should
be characterized. The Agency may fed that these possibly smal sub-populations are not
gppropriate for the current cumulative risk assessment. If o, this should be
acknowledged in the document. Such populations need to be evaluated as special cases.

Incorporating NHAPS should be smilar to what has aready been performed with
the dietary data as the techniques used are probably very smilar. The problem with
NHAPS isthat, even though it isavery rich data s, it isa smdler data set than CSFI,
particularly when looking &t children. Thereis aso the concern of severd versons of the
questionnaire which differ in the question format and hence the data andysis.

For the NHAPS data set as awhole, there are both regiona and seasona
differencesin activities. When utilizing the database for assessing childrens exposure,
in order to maintain a reasonable sample sze by looking at dl children in the country, the
important regiond and seasond detail will belost. Thereisagmilar issue with the
CSFll data.  Alternatively, if the datasets are broken down by region and season, then
limited data points are available.

Ancther consderation in the use of NHAPS iswhether activities are
independent. Many activities are clearly not independent either within a day or across
days. Activitiesfor such groups as school aged children, children of people who work
outside the home and where/when they are done, al of these factors are driven by their
occupations or in the case of school aged children, by school.
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In the past, the Agency combined different routes of exposure by taking the route
specific points of departure and the ratios of exposures by each route. The Agency needs

55

RX 5 Page 56 of 95



to address why it does not take the other approach where the multi-routes of exposure are
converted to ora equivaents and related to the ora dose data which are more robust.
Route conversion is consstent with PBPK modeling.

To daborate further, the method the Agency has employed for multi-route
exposures needs further consideration. The Agency used direct exposure measures for
derma and inhaation and divides these by corresponding points of departure by the same
route. Asindicated in the document, the dermd and inhdation sudies are in generd
fewer and of alesser qudity than those available on ord exposure. Thislimitsthe
quantitative consideration of dose response relationships for these exposure routes. An
aternate approach isto use the ora data to estimate the POD and then use methods to
extrapolate dermal exposures (using measured or estimated dermal absorption rates) and
inhaation exposures (using some estimates of breething rate and absorption) to
gpproximate units of equivalent ora exposures (this gpproach would be very consstent
with the Agency’ s decison to develop PBPK modds for these compounds). Both
approaches have limitations but the Agency may wish to consder the aternatives and the
document should at least discuss the rationale for selecting one method over the other.

It isimportant to keep the daily activity within the confine of 24 hours. In
addition, it is aso important in the exposure modeling to consder the mass baance of the
amount of residue available for contact or exposure. Mass balance should be performed
by time or location - if acertain portion is taken up, it is no longer available for the next
exposure. Findly, care should be taken to ensure that the transferable amount that is
taken up through derma contact is no longer available for uptake at the next time period.
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Oral statements were made by:
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Working Group
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Written statements wer e received from:
FQPA Implementation Working Group

INTRODUCTION

The Federa Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific
Advisory Pand (SAP) has completed its review of the set of scientific issues being
considered by the Agency pertaining to methods used to conduct a preliminary
cumulative risk assessment for organophosphate peticides. Advance notice of the
meseting was published in the Federal Register on January 15, 2002. The review was
conducted in an open Pand meeting held in Arlington, Virginia, on February 7, 2002.
The meeting was chaired by Stephen Roberts, Ph.D. Ms. Olga Odiott served asthe
Designated Federd Officid. Mr. David Miller (Office of Pesticide Programs, EPA) and
Elizabeth Doyle (Office of Pesticide Programs, EPA) summarized therisk
characterization of the preliminary assessmern.

CHARGE

1. There are severd key principles for conducting a cumulative risk assessment. One
such principle concerns the time frame of both the exposure (e.g., What is the exposure
duration?) and of the toxic effect (e.g., What are the time to peak effects and the time to
recovery?). Both must be adequately characterized prior to performing a cumulative risk
asessment so that an individud’ s exposure is matched with relevant toxicologica vaues
interms of duration. There are severa important consderations with respect to the
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tempora characterigtics of the exposures and of the cholinesterase inhibitory effects of
organophosphorus pesticides in estimating their cumulative risk.

. There may be single day (spike) or short-term exposures to organophosphorus
pesticides via food, nonoccupationd/residentid uses, and drinking water, as well
asmore or less continuous exposure via the diet (food).

. In the Prdliminary OP Cumulative Risk Assessment, OPP used relative potency
factors and points of departure developed from cholinesterase inhibition in rats
exposed to pesticides for 21 days or more. This practice was adopted to reflect
cholinesterase inhibition at a point in the treatment schedule a which a steady
dtate had been achieved. OPP eected to use data reflecting a steedy State in the
interest of producing relative potency factors (RPFs) that are reproducible and
reflect less uncertainty due to rapidly changing time-sengitive measures of
cholinesterase. In addition, when the compounds are at steady Sate, the
differences in toxicokinetics among the OPs are less likdly to impact the
assessment.

. OPP has information that indicates that the American population, in generd, has
some continuous level of exposure to OPs. Biomonitoring data from NHANES
suggedts that more than 80% of the American public have urinary metabolites
indicating possible exposure to OPs.

. Most anima data available to OPP are developed using laboratory animals that
were not previously exposed to OPs. In other words, the laboratory animals used
in the toxicology studies were naive in their exposure to OPs. These studies show
that OF s can produce cholinesterase inhibition after a single exposure. A rough
comparison of the BMD10s derived from femae brain rat cholinesterase data
from 21 days or longer duration with NOAEL s based on cholinesterase data from
sngle-dose studies reved's good similarity of vaues, with differences rarely
exceeding two- to three-fold.

. Anima data suggest that recovery from a single exposure may take daysto
weeks.

Inlight of al these factors, OPP wants to evaluate exposure across the most
gppropriate time frame(s). In the Preiminary OP Cumulative Risk Assessment, OPP
developed adigtribution of single consecutive day exposures, conddering the pattern of
MOEs occurring a a particular percentile of exposure across the calendar year. This
gpproach focuses on exposure to the population of interest as awhole rather than
attempting to track the variation in an individua's exposure from various sources of
pesticide exposure. As an example, at the 95" percentile of exposure, each day of the
year will reflect a95™ percentile exposure for the entire populaion and not reflect what
may be lower, multi-day average exposures for any given individud.

Cdendex dlows cdculation of multi-day, rolling averages of exposure estimates
for the individua s within the population. While this may dlow for amatch between
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selected exposure time frames (e.g., 7 day or longer) and the hazard endpoint, OPP is
concerned that this may not adequately permit estimates of risk associated with shorter
duration exposures.

Please comment on how best to evaluate risk, taking into account the temporad
characterigtics of the hazard endpoint (i.e., cholinesterase inhibition) and the tempora
characterigtics of the exposure patterns for the food, drinking water, and
residentia/nonoccupationd pathways, with specific reference to:

. the pros and cons of various gpproaches of combining the exposure and
hazard time frames to estimate cumulative risk, and

. methods to bound or estimate the biasesin each approach.

2. Inthe Prdliminary OP Cumulative Risk Assessment, Section |.H lists a number of
potentid follow-up activities proposed by OPP. Thislist is not exhaugtive. Does the
Panel recommend any additiona follow-up activities or sengtivity andyses beyond
those listed? Does the Pand have any thoughts or recommendeations about how these
additiona andyses should be conducted? Which activities should receive the greatest

priority?
DETAILED RESPONSE TO THE CHARGE

The specific issues to be addressed by the Pand are keyed to the Agency's
background documents " Organophosphate Pesticide Prdiminary Cumulative Risk
Assessment”, dated December 3, 2001 and are presented as follows:

1. Thereareseveral key principlesfor conducting a cumulativerisk assessment.
One such principle concernsthe time frame of both the exposure (e.g., What isthe
exposur e duration?) and of thetoxic effect (e.g., What arethetimeto peak effects
and thetimeto recovery?). Both must be adequately characterized prior to
performing a cumulative risk assessment so that an individual’s exposureis
matched with relevant toxicological valuesin termsof duration. Thereare several
important consider ations with respect to thetemporal characteristics of the
exposures and of the cholinesterase inhibitory effects of organophosphorus
pesticidesin estimating their cumulative risk.

. There may be single day (spike) or short-term exposuresto
or ganophosphor us pesticides via food, nonoccupational/residential uses, and
drinking water, aswell asmore or less continuous exposur e via the diet
(food).

. In the Preliminary OP Cumulative Risk Assessment, OPP used relative
potency factors and points of departure developed from cholinesterase
inhibition in rats exposed to pesticides for 21 daysor more. This practice
was adopted to reflect cholinesterase inhibition at a point in the treatment
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schedule at which a steady state had been achieved. OPP elected to use data
reflecting a steady state in theinterest of producing relative potency factors
(RPFs) that are reproducible and reflect less uncertainty dueto rapidly
changing time-sensitive measur es of cholinesterase. In addition, when the
compounds are at steady state, the differencesin toxicokinetics among the
OPsarelesslikely to impact the assessment.

. OPP hasinformation that indicatesthat the American population, in general,
has some continuous level of exposureto OPs. Biomonitoring data from
NHANES suggeststhat morethan 80% of the American public have urinary
metabolitesindicating possible exposureto OPs.

. Most animal data available to OPP are developed using laboratory animals
that were not previoudy exposed to OPs. In other words, the laboratory
animals used in the toxicology studies were naivein their exposureto OPs.
These studies show that OF’s can produce cholinester ase inhibition after a
single exposure. A rough comparison of the BMD10s derived from female
brain rat cholinesterase data from 21 daysor longer duration with NOAELSs
based on cholinesterase data from single-dose studies reveals good similarity
of values, with differencesrarely exceeding two- to three-fold.

. Animal data suggest that recovery from a single exposur e may take daysto
weeks.

In light of all these factors, OPP wantsto evaluate exposur e acr oss the most
appropriatetimeframe(s). In the Preiminary OP Cumulative Risk Assessment,
OPP developed a distribution of single consecutive day exposur es, considering the
pattern of MOEsoccurring at a particular percentile of exposure acrossthe
calendar year. Thisapproach focuses on exposureto the population of interest asa
whole rather than attempting to track the variation in an individual's exposure
from various sour ces of pesticide exposure. Asan example, at the 95" per centile of
exposur e, each day of the year will reflect a 95" per centile exposure for the entire
population and not reflect what may be lower, multi-day aver age exposuresfor any
given individual.

Calendex allows calculation of multi-day, rolling aver ages of exposure
edtimatesfor the individuals within the population. Whilethismay allow for a
match between selected exposur e time frames (e.g., 7 day or longer) and the hazard
endpoint, OPP is concer ned that this may not adequately per mit estimates of risk
associated with shorter duration exposures.

Please comment on how best to evaluaterisk, taking into account the
temporal characteristics of the hazard endpoint (i.e., cholinester ase inhibition) and
thetemporal characteristics of the exposure patternsfor the food, drinking water,
and residential/nonoccupational pathways, with specific referenceto:
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. the pros and cons of various approaches of combining the exposure
and hazard time framesto estimate cumulativerisk, and

. methodsto bound or estimate the biasesin each approach.
Summary of Pand Position

The Pand noted that there are two issues regarding patterns of exposure on
consecutive days: (1) afundamentally phar macokinetic issue having to do with the
persistence of cholinesterase inhibition for some days past the date of exposure, which
would lead to inhibition caused by subsequent days exposures adding on to a background
of persstent effects from earlier exposures; and (2) afundamentaly toxicologic issue
about the hedlth effects that may be caused by short-term ver sus multi-day periods of
different extents of cholinesterase inhibition. The two aspects are not clearly
distinguished in the PCRA document and they should be consdered separately.

Because of the persstence of cholinesterase inhibition for days past the time of an
OP exposure, it would generdly be ingppropriate to evauate the toxicity of exposures on
particular sngle days without reference to the recent history of exposure on previous
days (the exception is when the ongoing pattern of recent exposureisto very low levels
that would be expected to produce negligible accumulated effects on cholinesterase
inhibition levels when assessing an episodic "spike" of exposure.) Thus, one dternative
proposed by the Agency—to examine each day separately in aday-by-day profile of
daily exposures, is not recommended. Such a practice would underestimate total
cholinesterase inhibition for each day because the lingering effect of inhibition from
previous days exposures would be ingppropriately ignored.

Seenin thislight, the rolling-average approach is an attempt to address the
influence of recent exposures on the effects of each day's exposure. Sincethat isthe
god, the "averaging” procedure should be crafted to reflect the biological process a
work, at least gpproximately. The ideal solution would be to congtruct a physiologicaly
based pharmacokinetic modd for the joint exposure to dl the relevant OPs. Such a
model could consider any effects of metabolic activation and detoxification, interaction
among pesticides in their metabolism and their binding to cholinesterase, and the
compound-specific rates of recovery of OP-cholinesterase complexes plus the effect of
cholinesterase resynthess. The result would be amodd of joint effects on the varying
levels over time of cholinesterase inhibition, as afunction of the history of recent
exposures to al the compounds in the common mechanism group. Indeed, since
cholinesterase inhibition is the basis for the formation of the present common mechanism
group, it makes sense to conduct the assessment in terms of cholinesterase inhibition
explicitly and directly, as opposed to indirectly by modifying OP doses by raive
potencies for their ability to contribute to atotal cholinesterase inhibition that is never
explicitly calculated. Among the advantages of such a PBPK approach are that the issue
of "pardlelism” of dose-response for external dose ver sus cholinesterase inhibition would
be obviated, the complexities of interactions could be directly and explicitly addressed,
and any differences among sexes, ages, adults-ver sus-children, inter-individua variation,
and sengitive subpopulations (by virtue of their Pharmacokinetic) could be addressed by
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gppropriate variations of themodel. The disadvantage, however, isthat congtruction of a
modd accomplishing al this, athough within reach of current science, would require a
good dedl of data, time, and effort. Therefore, the Pand recommends this approach as an
eventual goa, but suggests that the Agency seek asmpler way to accommodate the
fundamenta issue of cholinesterase-inhibition persstence in assessng multi-day
sequences of exposure.

Asacandidate for such a smplified gpproach, the Pane felt that the "rolling-
average' gpproach as currently articulated in the PCRA had severd mgor shortcomings.
To address the issue of persistence of ChE inhibition from previous days exposures, an
averaging "window" that extends both forward and backward in time from the index day
isingppropriate. In addition, the effects of more recent days exposures should count
more than those of more remote exposures, Snce the persstence of ChE inhibitionis
something that decays gradualy, with ever-smdler perssting effects from exposuresin
the increasingly remote past. The Pand recommends that, in the assessment of multi-day
patterns of exposure, an approach be adopted that addresses these issues, at least in an
approximate and provisona way. Indeed, alogica congderation of such effects would
seem essentid to avdid assessment of OP toxicity via cholinesterase inhibition.

The Pand made two suggestions about appropriate smplified methods that could
be undertaken in the short term.  First, a ssimplified pharmacokinetic modeing gpproach
could be undertaken that is more empirica and less data-intensive than afull PBPK
modeling gpproach. The Pand noted that such an approach was successfully applied to
the dose-response anadyses used for determining RPF, in which an empirica,
pharmacokinetically-inspired correction was applied to account for the observed
"shoulders’ in dose-response curves of exposure ver sus steady-state cholinesterase
inhibition. The question for this gpproach would be what data are to serve asthe basis
for ether empirica patterns to be fit with modes or for basic physologicd parameters
such as metabolism, ChE-binding, and ChE recovery rates.

A second method that was proposed by one Pandlist isto modify the rolling-
average approach by gpplying an exponentidly-weighted running sum. The exponentid
weighting would be determined by the OP-specific persastence time of ChE inhibition, a
factor that could be estimated from either single-dose experiments or from the time to
achieve seady-gtate in continuous constant dosing experiments (such as were evauated
dready in the RPF determinations), with the time to steady-state being about 4-5 haf-
lives. In this gpproach, exposures of recent past days are weighted according to the
fraction of their initid effect on ChE-inhibition that is expected to persst to the present
(as caculated according to the half-life for such persastence), and the contributions from
the current and past days summed. (This dose measureis readily converted into an
edimate of redized day-by-day cholinesterase inhibition by gpplying the ratio of doses
weighted in thisway for the steady-State experiments to the steady-date level of ChE
inhibition achieved.) Advantages of this gpproach include its smplicity, its achievability
with datathe Agency dready hasin hand, and its direct incorporation of the persstence
of inhibition in a compound-specific way. Its disadvantage isthat it will get less accurate
as an gpproximation of tota ChE inhibition to the degree that actud pharmacokinetic are
nonlinear.
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Subsequent to this meeting, the Panel member (Lorenz Rhomberg, Ph.D)
prepared preliminary calculations for the proposa noted above. While the Pandl did not
have an opportunity to review the gpplications of the modd, it is being provided to the
Agency for illugtrative proposes and is presented in Appendix A of this report.

If the Agency does not adopt one of the above Pand suggestions, it will haveto
arrive at another gpproach to addressing the day-to-day persistence of cholinesterase
inhibition. That isto say, the Pand finds the current PCRA document incomplete owing
to itsfallure explicitly to address the persstenceissue. In any gpproach, whether it be
PBPK, smplified PK, or exponentialy-weighted running sum, it will be necessary to
address the possibility that humans have longer persistence of cholinesterase inhibition
from a given dose, and hence a higher leved of inhibition from a given mg/kg/day dose
rate, than do rats. Such an effect is expected from the generaly dower pace of
physiologic processesin larger-bodied mammas and from the comparative
pharmacokinetic of other compounds. Pandlists noted the use of alometric scaling for
such an effect, but it is recommended that the Agency attempt to examine empirica data
on cholinesterase recovery ratesin humans vis-avisratsin order to estimate the
magnitude of this effect.

In summary, the Pand recommended againgt the single-day approach (as
presented in the Agency’ s methodology to perform a cumulative risk assessment), in
which doses on individua days are examined one-by-one without any effect of previous
days exposures. In cases where single-day exposures occur in isolation (without
sgnificant exposures on previous days), comparison of that dose level with a point of
departure based on the repeated daily dose to achieve 10% steady-tate cholinesterase
inhibition would be unduly conservetive, Snce one exposure day will lead to much less
inhibition than would be achieved if that daily dose were experienced daily in an ongoing
exposure. On the other hand, in cases where a day's exposure is preceded by non-
negligible exposures on previous days, its associated cholinesterase inhibition leve will
be underestimated if onefailsto alow for the lingering cholinesterase inhibition from
those previous days.

The Pandl instead recommended a verson of the running-average approach, but
further recommended that it should be modified to avoid the shortcomings noted in the
comments above. Specificaly, the Pand recommended that an approach be chosen that
explicitly addresses the persstence of cholinesterase inhibition, in an agent-specific and
Species-specific way if possble. Such an approach should include only the current and
previous days within the averaging window (and not future days), and it should give
greater weight to more recent days than to less recent ones, on the grounds that the
amount of inhibition perssting from a day's exposure decreases with time.

The running-average approach in the current draft essentialy compares the
average daily dose within the window to the constant daily dose that leads to the POD's
level of cholinesterase inhibition a steady date (i.e., 10%). In so doing, the excursions
to higher than average inhibition within that window are averaged out with days on
which inhibitionisless. While this gpproach may make long-term average inhibition
comparable, it will missidentifying sequences of daily exposure that lead to excursons
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of greater inhibition. The Pand had recommended severd adternative andytica
approaches to accounting for recent exposures, the common feature of which isthat they
am at tracking the day-by-day variation in estimated cholinesterase inhibition, with each
day's inhibition being a function of the exposure on that day and (with diminishing
influence) exposures on earlier days. The PBPK approachisided, but appropriate
modifications of a running-average approach (such as the exponentialy weighted running
sum) could provide an adequate gpproximation that can be implemented in the short
term.

The Pand dso noted that the second aspect of multi-day exposures—that of the
toxicologicd effect of longer or shorter periods of cholinesterase inhibition—is part of
the evauation of the potentid effects of a day-by-day profile of inhibition (rather than a
profile of exposure). The Pand understands that the questions of adequate margins of
exposure and the definition of aPOD  have yet to be fully addressed by the Agency and
were not part of the present document. Nonetheless, the Panel urged that such
consderation should address severd questions, including the level of cholinesterase
inhibition expected in subjects of different ages, the hedlth effects of relatively brief
pesks of inhibition ver sus prolonged depression of cholinesterase activity, and the
adequacy of 10% inhibition as a POD for acute ver sus chronic effects and for
developmenta neurotoxicity. Addressing these questions will raise the second aspect of
averaging across multi-day exposures—the toxicologic as opposed to the
pharmacokinetic one—but the averaging issue for toxicologica questions should
properly be applied to the profile of estimated ChE inhibition rather than to profiles of
OP exposure.

The Pand discussad the applicability of RPFs determined from steedy-state
experiments to the assessment of shorter-term exposures. The issue isimportant because,
when exposures fluctuate daily, they must be treated as a series of short exposures, and
steady state will not generally be reached. Some Panelists suggested that a separate set
of short-term RPFs should be generated based on short-duration experiments. Others felt
that the steady-state RPFs could be applied, and one Pandlist asserted that application of
the exponentialy-weighted running sum process would make the steady-state RPFs
gpplicable to short-term exposures as well, since the reason for differing effectsin the
short and long term (i.e., the persastence effect) is explicitly corrected for.

In any case, the Panel recommends that the steady-state RPFs be gpplied for the
present, and the issue of short-term relative potency be addressed to the extent feasible
given thetime frame. The Pand noted that, in discussing gpplication of steady-State
RPFs to shorter exposures, a distinction should be made between the issue of usng
relative amounts of exposure to achieve a given cholinesterase inhibition (determined at
seady date in the current method for defining RPFs, a practice of which the Pand is
approving, a least for the present) and the related issue of comparing isolated single-day
exposure estimates against a POD daily dose determined at Steady State, a practice that
the Panel does not recommend. An eaboration of the Panel’ s pogition is provided below.
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I ntroduction

The central point to this question is how to arrive at an gppropriate measure of
exposure when presented with longitudinal profiles representing day-by-day variaionsin
consecutive daily exposures to individuas. Such profiles may be generated from direct
longitudina observetion, from modding, or from a.combination of these. They intend to
capture tempord patterns in exposure, including day-to-day correlations (positive and
negative) that may arise from such factors as ongoing exposures to dowly-decaying
residentia resdues, eating of food items from a single source on consecutive days (ed.,
leftovers, fruits from a single bulk purchase), and the tendency of some exposuresto
preclude others in subsequent days (e.g., varying diet by choosing foods not recently
consumed, not re-tresating recently treated cracks with aresdentia insecticide). Such
patterns of tempora dependence of exposure can, depending on the particulars, lead
individuas to be exposed to ether greater or lesser amounts over afew consecutive days
than would be estimated if each day’ s exposure were considered to be independent of the
onesthat preceded it.

Patterns in consecutive-day exposures are important in the case of OP pegticides
because the effects of exposures on the levels of cholinesterase inhibition can persist for
daysto weeks. To some degree, effects of exposures on consecutive days will tend to
accumulate, with the totd level of cholinesterase inhibition on any given day being a
product of not only the current day’ s exposure but dso of persisting inhibition caused by
exposures on earlier days, with the amount of inhibition attributable to past exposures
diminishing as the time since they occurred becomes increasingly remote.

In the PCRA, toxicity is being treated as a consequence of sufficiently high
cholinesterase inhibition. The toxicity of aday’s exposure—even its acute toxicity—isin
some way afunction of that day’s exposure as well as of recent past exposures.
Moreover, it is of interest to examine not only acute toxicity arisng from short-term but
severe cholinesterase inhibition, but dso the effects that might arise from prolonged
periods of lesser degrees of inhibition—effects that would be detected in animd studies
with sub-chronic or chronic dosing. The traditiond approach to ng risks for
effects of chronic exposure is to average daily exposures over a period of time Smilar to
that in which the effect was observed experimentaly. In the present assessment, the
POD is provisondly being defined by the daily dose rate leading to an estimated 10%
inhibition of cholinesterase in rats over a period of about 21 days, atime a which steady-
dtate has been achieved for most of the agents in the sense that further durations of
dosing at the same rate lead to no further increase in the degree of inhibition.

In essence, Risk Characterization Question 1 asks the Panel to recommend, when
interpreting alongitudina daily distribution of exposures, how to ded with the
“averaging” aspects inherent in these phenomena. The PCRA does not make aclear
distinction between the question of persstence of cholinesterase inhibition and the
averaging times gppropriate for assessment of acute or more chronic toxicity. The
methods proposed by the Agency are either to conduct no averaging (i.e., treating each
day’ s exposure separatdy), or to gpply a“rolling average” in which each day’ s exposure
is replaced with an average of the exposures over a severa-day period centered on the
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day in quetion. The Agency asks for advice asto which is appropriate, and if arolling
averageisto be used, what time period is appropriate in view of the 21-day duration of
the rat experiments against which the exposures are being judged.

| ssues Regar ding the Reliability and Representativeness of the Profiles

Even a sound analysis of tempord profiles can be mideading if the profiles
themselves are poorly determined. The Panel raised several issues regarding assessment
of how well the profiles as estimated in practice represent the real temporal patterns of
exposure. To some degree, these issues overlgp with discussions of tempora patterns
and correlations that were raised by the Pand in congdering the PCRA’s andysis of
food, drinking water, and residential/non-occupational exposures.

The Centers for Disease Control (CDC) have recently released a summary of data
on metabolic products of some OPs in humans from the NHANES study. These data
could be usad in thisandysisin two ways. Firdt, one could examine how the distribution
of OP exposuresin the genera human population, as estimated by the Agency, compares
to that calculated from metabolite data estimates derived from the CDC data. If there are
no obvious concerns from this analys's (assuming that one can get the data from the
CDC), then the exposure assessment as done by the Agency is supported. Second, using
the CDC data to estimate actual human body burdens, comparisons could be made to
body burdens seen in animas and their brain CHE inhibition. Thiswould provide an
opportunity to check whether there is sufficient protection of public hedlth built into the
system. The human dinica data may aso help with thisandysis.

Understanding the relationship of the tempora characteritics of the hazard
endpoint and the tempora characteristics of exposures from the water, diet and
resdentia pathways requires that the tempora characteristics of the exposure pathways
be amilar. The PCRA document states (section F, page 2) that “regiond differencesin
pesticide use are mgjor considerations in appropriately estimating exposures from
pesticides in drinking water and resdential uses” Thiswas not the case for the diet
modd. Thisisnot Smply a matter of wanting consstency in the way the assessments are
done across the three areas, but that it isimportant for the quality of the assessment to
take into account regiond and tempora (i.e. seasond) differencesin diet and pesticide
resdues on foods. During the presentation on the water mode, afigure of Cdifornia
pesticide use across the year was presented. This exemplifies why it isimportant to
evauate food pesticide residues and diet by region and season of theyear. Thereare
growing areas of the country that restrict importation of commodities that they grow
themsdves, and the diets of the individuds living in these regions will be influenced by
the loca foods and their residues more than ones from other areas during the time periods
that the local crops dominate the available foods.

One Panelist wondered whether seasondlity of food exposures is an assumption or

an outcome of market basket surveys. Unlessit is demondtrated to be absent or minimd,
it should be considered, especidly if peaks might be synchronous with those in water and
inresdentia exposures,
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Severa Pand members aso expressed concern that pesticide treatment of home
gardensistreated only as an influence on residential exposure but not on diet. Itislikey
that these occur jointly, since the time period of growing and tresting the garden
vegetables will dso be the time that they are consumed. This adds complexitiesto the
exposure modd, but consumption of localy grown fruits and vegetables is common and
in many regions of the country important seasond additions to the diet.

One Pandligt asked how bias is defined in this question, pointing out that biases
are introduced into the analysis when independence of the dataiis assumed, if such
independence is not characterigtic of the rea world. In addition, use of uniform
distributions does not Smply create conservative estimates, but distorts the estimates so
that the risks may appear grester than they are, depending on the shape of the distribution
of the origind data

In summary, the Panel had some concerns regarding how well existing means for
estimating longitudinal exposure profiles for individuas represent the actud tempora
patterns and day-to-day correlations in exposure levels. Nonetheless, the main thrust of
the present question is not about the adequacy of such profiles, but rather about their use
in relation to toxicity questions. The balance of the Pand’s comments on this question
will, therefore, assume that the individud longitudina profiles of daily exposure are
deemed adequate, and will focus on how such results should be analyzed and interpreted.
More specificdly, the focusis on the appropriate use of a“rolling average’ gpproach.

| ssues Regar ding Rolling Aver ages

There arereally two issues to be addressed by some kind of averaging process on
the tempora profiles: (1) the pharmacokinetic issue of persistence of the agent—or more
importantly, of the cholinesterase inhibition it leads to—over severd days, and the
consequent dependence of day-to-day variation in inhibition levels on recent past
exposures; and (2) the toxicity issue of the consequences of amore- or less-prolonged
multi-day period of cholinesterase inhibition above a certain leve or at a certain average
level, and the averaging time that should be used. That is, the question is one of
assessing toxicity of aday-to-day pattern of varying levels of cholinesterase inhibition if
toxicity isnot smply afunction of the pesk inhibition level. To alarge degree, the
difficulty that the Agency has with the averaging-time issue gems from afalure to
separate these two aspects, trying vainly to find a single rolling-average method to
address both. In fact, they are best treated as distinct issues.

The existence of day-to-day variation in exposure levels has always been present
in red exposures, it is only because the cumulative risk assessment has explicitly
described this variation that the interpretation issue has arisen. Because exposures from
severd sources and agents (including ongoing, low-level exposures and episodes of
higher exposures) are being considered together, there is afluctuating leve of daily
exposure, and a spike may occur in the context of ahigh or low recent history of
“background” exposures. Moreover, ongoing exposures may consst of markedly
fluctuating histories of daily incrementa exposure, not the gpproximeately constant
chronic exposure often assumed.
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The basic congderations for matching the duration between the exposure and the
toxicity components are not unique to cumulative risk assessment. For chemicals that
have the potentia of repeated exposures for a prolonged period of time, their risks are
generaly characterized by 3 - 4 exposure durations: the acute, subchronic, chronic, and
for apotentid human carcinogen, the lifetime. Short of using an eaborate PB/PK model
(provided that it is properly conducted and based on rdliable data) to account for the
dynamics of dosages at the target tissue, aleve of inherent uncertainty has aways been
present in matching the duration of exposure experienced by humansto the toxicity data
observed in laboratory animas. Thisisirrespective of whether the assessment is
addressing single chemica single route, or multiple chemica multiple routes of
exposure. The multiple chemica risk assessment through summing the exposures only
adds complexity to the group of issues regarding matching durations.

In the usual practice, acute human exposures, such as one-day spikes that may
occur from occasiona short-term events, are assessed againg level's causing acute toxic
effectsin amilarly short-term experiments on previoudy unexposed animas. The
implicit assumption is that the ongoing background expasure in humansislow enough
compared to the occasiona spike that the subjects are essentidly smilar to the naive
animals, and any persstent effects of earlier exposures are negligible. For sngle
exposures to naive subjects (barring the influence of nonlinear pharmacokinetic
processes), doses or exposures measured in units externd to the organism (such as
gpplied dose) are agood surrogate for the peak of internal concentration they will
produce, and s0 a dose-response relationship for effects after different magnitudes of a
single dose are gppropriate for ng the potentia acute toxicity of episodic
exposures in humans. In the case of OPs, however, this Stuation does not generdly
happen; the lingering effect of previous exposures may not be negligible, and so each
day’ s exposure considered by itself isa poor surrogate for the degree of peak
cholinesterase inhibition it will produce.

Smilarly, longer-term ongoing exposures are traditionaly considered as
gpproximately congtant, and the long-term average exposure rate is compared against
chronic toxic effectsin amilarly long-term, repeated-dose anima experiments. In this
case, animal experiments address the ability to tolerate an ongoing, more-or-less constant
doserate. With ongoing constant exposures, the daily dose rate in externd units (such as
mg/kg/day) is a surrogate for the internd steady-state concentration, and (again barring
the influence of pharmacokinetic nonlinearities) the dose rate is linearly related to the
deady dateit eventudly produces. At this steady State, the congtant daily increment in
new inhibition is just balanced by the daily amount of recovery from past inhibition.

This Stuation may not be the case for the OPs ether; owing to fluctuating day-to-day
exposures, steady state may never be reached in humans, and the average daily dose over
any period of time may be a poor reflection of the pattern of cholinesterase inhibition

over tha time. Unlike the congtant dose-rate animal studies, where the steady ate level
of inhibition is gradudly approached “from below” (i.e., from lower levels of inhibition),
the inconagtent daily increments of varying exposures will have inhibition levels that go
over and under along-term average. A dteady date leve is aso amaximum, but the
average of afluctuating level has the inhibition risng above and faling below the level

that a congtant exposure of the same average level would induce.
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Daily-dose Averaging and Phar macokinetic

It may bewd| initidly to review the way pharmacokinetic issues play in the
assessment of cumulative risk via cholinesterase inhibition.

Theissue a hand is one of a common mechanism among a large group of
chemicds. It isimportant to recognize that one cannot deal with toxicities not produced
by this mechanism and thet al toxicities associated with individua members of this
group may not slem from the inhibition of acetylcholinesterase. Thisis discussed in
further detall in alater question. To perform a cumulative risk assessment, it must be
clearly gated that only toxicities arising from this mechanism are being considered.
Given that clarity, acetylcholinesterase inhibition is the best integrator of both exposure
and toxiaity.

Thus, the best way to address the problem is a pharmacokinetic/
pharmacodynamic model that can explicitly consider the impact of a dose of any
magnitude and with any duration superimposed upon any given background of inhibition.
Such amodd will capture the distributive and metabolic factors that control the ddivery
of the active form of the compound to the enzyme active Site and the rate at which the
inhibition of the enzyme isreversed.

There are two components of the recovery that have to be considered. Oneisthe
spontaneous hydrolysis of the phosphate moiety off the enzyme active Site, whichisa
matter of smple chemigtry. The second means of recovery is resynthesis of the enzyme.
The former rate should be independent of the anima/human in which the inhibition
occurs. The second rate will be dependent upon the different biology represented in the
compartment of the anima under consderaion. These metabolic and enzyme
resynthesis rates should reflect those rates seen in humans of differing sexes and
developmenta stages.

This draws attention back to the RPF as the means of integrating exposuresto the
different OP compounds into a common metric. While the rate of enzyme synthesis
within a given anima should be independent of the compound thet is administered, the
rate of chemical regeneration of the enzyme will vary depending upon the chemisiry of
the phogphate bond to the serine hydroxyl group on the enzyme. This difference, aswell
as differences in the metaboalic activation, distribution and clearance of these compounds
will be the variables responsible for differences between the acute and steady-state RPF.
The mgjor issue for the current approach is the accuracy of the RPFs. These differences
would automaticaly be taken into account with appropriate pharmacokinetic/
pharmacodynamic modeling.

Clearly pharmacokinetic/pharmacodynamic modeing will be the ultimate method
to determine how acetylcholinesterase levels are modified with any exposure magnitude
and duration and to determine how today’ s exposure interacts with the pre-existing
inhibition remaining from prior doses. 1t dso can solve the problem associated with the
sengitivity of different segments of the population (e.g. fetus, newborn, toddlers, etc.).
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Many of theissues that arise in the PCRA for OPs are dso considered in detail in
the draft Guiddines for Carcinogen Risk Assessment. For example, identification of
when children are not at grester risk than adults, evaluation of the MOE, and the benefit
of incluson of some mechanigtic data without development of afull case-specific modd.
The Agency is encouraged to work with the authors of the cancer guiddinesto ensure a
harmonized gpproach and to ensure that OPP obtains the full benefit of the thinking that
has gone into development of the cancer guidelines.

Appropriate models probably do not exist for al 29 compounds, therefore, the
current exercise may have to go forward with the RPF approach. Future cumulative risk
assessments for OP peticides should attempt to make use of pharmacokinetic/
pharmacodynamic modeling. 1n the meantime, Smpler approaches are needed that
nonetheless address (if only in an interim, gpproximate way) the key issues.

The key issue to addressin any smple gpproach to the pharmacokinetic aspect of
daily-dose averaging is the persstence of cholinesterase inhibition from previous day’s
exposures, raisng the level on top of which the current day’ s exposure will have its
effect. The degree of inhibition achieved on aparticular day will be due to dl of the
current day’ s exposure, afraction of the previous day’s (reflecting thet part of itsinitial
effect that perdsts one day), a smadler fraction of the exposure from the day before that
(reflecting the smaller persistence from two days ago) and so on, until exposures
aufficiently far in the past have no lingering effect on the index day’s leve of inhibition.

Clearly, agtraight rolling-average approach is only a gross approximation to this
process. Firg, if the averaging period is centered on the index day, it averages together
exposures from past and future days, and only the former can actudly contribute to the
current burden of inhibition. One improvement, then, would be to make arolling average
that only considered the current day and some number of immediately past days. (One
panelist asked for clarification of the “rolling average” or “window” as used for inputs to
the model—diet and residues on food in particula—ypointing out that thisis a smple way
to generate autocorrelation in the data a the expense of smoothing out the extreme
vaues. For this purpose, it does't redly matter whether the current day is a the middle
or the end of the window.)

By weighting each day’ s exposure (in the window) evenly, however, astraight
rolling-average approach overweights exposuresin the more distant past, for which
influence on current cholinesterase inhibition has largely waned. Moreover, it doesn't
address the fact that the lingering effects of earlier exposures should add to, rather than
average with, more recent exposures in influencing the degree of cholinesterase
inhibition expected. A better aternative would be to employ an exponentidly weighted
running sum that fully counts the present day’ s exposure, and adds a “ discounted”
fraction of previous days , with the contribution of daysin the more and more distant
padt faling off exponentialy. Idedly, this exponentia discounting would reflect the
biologica atenuation of the effects of earlier exposures, with the parameter of the
digtribution of weights set to reflect the hdf-life of cholinesterase inhibition recovery.
This hdf-life could be different for the different OPs, and if it is possible to estimate such
OP-specific recovery times, this would be an important aspect to include, since for some
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agents only the quite recent past exposures will be relevant, while for others, more distant
exposures could till have lingering effects. If the Agency were to consider the issue of
combined exposures of OPs (which have long recovery timesfor cholinesterase
inhibition) and carbamates (which typicaly have much shorter recovery times), the
digtinction could be important, and adopting such an gpproach would provide a solution
to the problem of “order of exposure,” in which the toxicity of a carbamate followed by
an OP doseislessthan if the order of presentation is reversed.

Estimating the gppropriate haf-life (or OP-specific haf-lives) is achalenge, but
the datain hand on recovery times and on time to achieve steady-state with congtant daily
dosing could be used to arrive at reasonable estimates for the valuesin rats. Such
estimates could be based on the fact that the time to steady-State is dependent on the time
to recovery from asingle dose, and that the kineticswill be dominated by the component
process with the longest haf-life, which islikely to be recovery time of inhibited
cholinesterase. It should be remembered, however, that the assessment of human
exposures should employ human-specific half-lives, and these are expected to be
somewhat longer than those in rats, owing to dower clearance processes and (perhaps)
dower ability to recover from cholinesterase inhibition. To the degree that human vaues
for recovery times can be determined, they should be used, but if extrapolation from rats
is necessary, it will be necessary to consider possible dlometric scaling of the pace of the
respons ble physiologica processes.

Even this more daborate weighting is an gpproximation of what are likdly to be
rather complex pharmacokinetic relationships. Clearly, the ideal would be to congtruct
physiologicdly based pharmacokinetic modding for the joint exposure to the rdevant
OPs, in which interactions, induction of metabolism, competitive and noncompetitive
inhibition, and other effects can be consdered. The Agency has a PBPK model for three
OPsthat handles smultaneous exposures (Blancato et a, 2000). Thismodd could be
used to evauate (dbeit incompletely) the issue of how AchE inhibition variesasa
function of OP exposure scenarios (assuming that the PBPK model describes AChE
regeneration and resynthess).

Development of mechanism-based models (and the thinking process that
accompanies their development) always encourages consderation of how the mode
could be refined (as opposed to the more static Stuation with policy-based approachesto
risk assessment). It is thus necessary to draw aline with respect to the technica
development of the various models that are feeding in to the cumulative assessment,
freeze the models, and complete the assessment. Refinement of the models and better
understanding of the biology can then contribute to future assessments.

The Pand recognized that a PBPK gpproach is unlikely to be redizable in the
time-frame that the Agency has available, and that other approaches to address the
dosmetry issues will be needed in the short term. Nonetheless, a PBPK approach should
be feasible, and it would help answer important questions about interactions and
saturable steps in metabolism as recommended with previous SAPs. It is recommended
that such an gpproach be investigated in the longer term.
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The Pand commented earlier on the fact that, in estimating dose-response
relationships for cholinesterase inhibition in the RPFidentification analyss, the low-dose
nonlinearity introduced to mode “shoulders’ in the curves would have an impact on the
gpplicability of the RPFsto lower doses. This question would be obviated if PBPK
modds could link different dose levels of multiple agents (and the recent histories of
those dose levels) to the time-varying level of cholinesterase inhibition they would
produce.

It would aso be possible to undertake a smplified PK-modeling approach, along
the lines of the empirica correction factor used to describe the shoulder in individua OP
dose-response curves. Such amodd would be a dight eaboration of the exponentialy
weighted running sum approach described above. It could alow for more complex
pharmacokinetic processes, at the expense of requiring some basis for estimating the
necessary parameters.

In an gppropriste smple compartmenta mode, cholinesterase inhibition would
tend to “decay” a arate that can be inferred from (1) amodel of the approach to steady
date observable in the available anima experiments, and (2) a human/anima adjustment
factor to account for the fact that many processesin humans are dower in animals,
approximately by afactor related to the human/animd ratio of metabolic ratesbody
weight, or about (Humen Body Weight/Anima Body Weight)¥4. Thisrule aso
approximates changes among species in relative toxicity for anti-cancer agents per mg/kg
dose (Watanabe et al, 1992; Travis and White, 1998). Hattis et a. (2001) has recently
updated these cal culations based on a new compilation of data developed by Price et al.
(2002). It should be noted that Price’ sandysisis restricted to directly acting agents, i.e.,
agents that do not require metabolic activation to exert their biologica effects. Based on
the distribution of departures of these data for various anti-cancer agents, the most recent
results give lognorma uncertainties for the departures from the equa toxic potency per
mg/(kg Body Weight** rule for projections between various species and humans as
shown in the following table:
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Table 1. Digributions of human toxic potency relative to animd toxic potency per unit
(body weight) " inferred from the data of Price et d. (2002) for cancer chemotherapy
drugs—human projections based on the most sengtive of the species listed for each
chemica

SpeciesLD10 or MTD Information  Number of Geom.  Arith.  95th %tile Log(Geom.

Used Chemicds Mean Mean Std. Dev.)
Mouse (Sngle species) 54 1.222 2.71 7.07 0.464
Rat (sngle species) 18 0.888 1.45 4.29 0.416
Hamster (Single species) 15 1722 3.37 12.61 0.526
Monkey (Single species) 34 1.139 1.87 7.51 0.498
Dog (sngle species) 56 0.609 214 5.45 0.579

In other words, based on the 18 rat/human projections available to us, the
geometric mean human potency for toxic effects for these anti-cancer agents was about
0.888 times that predicted on the basis of the mg/(kg Body Weight** projection rule.
The Log (Geometric Standard Deviation) characterizing the spread of these observations
was 0.416, meaning that the 95™ percentile of the digtribution was at some 4.29 times the
potency predicted from the mg/(kg Body Weight** projection rule.

If the PBPK gpproach is not taken, and if the smplified pharmacokinetic
gpproaches or dlowances for haf-life of recovery of cholinesterase activity described
above are not employed, the Agency should attempt to arrive a another meansto address
the persstence-of -effectsissues. It isclear that usng one-day exposuresin isolation is
only appropriate when they are very large compared to dl the exposuresin the previous
weeks, in which case the persstent effects of previous inhibition can be neglected.

The Pand had congiderable discussion about the issue of gpplying RPFs
determined at steady state to exposuresthat are of shorter duration. Severa Pandists
believed that the short-term application was a different setting from steedy state and that
applying steady-state RPFs to such exposures was questionable and should be regarded
asprovisond. Other Panelists were more supportive of the gpplicability of steady-state
RPFsto short-term exposure. The issue isimportant to the rolling-average question
because the RPFs will be gpplied to each day’ s exposure, not to ongoing constant
exposures expected to lead to steady State, and so the relative effect of the daily amounts
of different OPs are being judged under non-steedy-date, relatively short-term exposure
conditions.

One Pandligt asserted that the issue could be reconciled by applying the OP-
specific corrections for haf-life of cholinesterase recovery, as described earlier. The
bassfor thisis that the one-day amount of new inhibition caused by aday’ s exposure
should be the same for a one-day exposure as for a day’ s increment in an ongoing
congtant exposure a the same level, whereas differencesin the level of inhibition
achieved after one day, or after reaching steady state, depend on the rate of recovery from
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that new inhibition. Application of the OP-specific correction for this half-life adjusts for
this difference and so RPFs determined at steady state continue to apply to short-term
EXPOSUres.

Thus, theissue of averaging daily doses for pharmacokinetic reasonsis that one
must somehow alow for the persstence of cholinesterase inhibition beyond the day of
exposure, and for the tendency of inhibition to accumulate from exposures on
consecutive days. The best way to do thisis by congtructing a PBPK mode, but thisis
time-consuming and demanding of data. Simple pharmacokinetic models could be
proposed as an interim step. A particularly smple approach, and one that should provide
much of the benefit of afull description of kinetics, isto aoply an exponentidly weighted
running sum to the daily exposures to express the persstence of the effects of exposures
in the recent past. Whatever approach the Agency takesto thisissue, it should reflect the
possibly longer persstence of cholinesterase inhibition in humans vis-a-visrats, which
would tend to lead to higher inhibition levels for agiven rate of dally intake of OPs.

Dose-Averaging and Toxicity

Theissue of dose-averaging and toxicity is quite distinct from that of alowing for
the persstence of cholinesterase inhibition from day to day. By addressing the
persistence issue, the day-by-day profile of varying exposures or OP intakes (combined
over various agents and exposure sources) is trandated into a single day-by-day profile of
the leve of cholinesterase inhibition. This profile will rise and fal as a consequence of
the particular recent history of exposures. The further question then arises as to what
properties of this fluctuating level of inhibition should be related to toxicity.

One dterndive isto assume that the issue is peak inhibition and that the toxicity
a issue is the acute consequence of ataining aleve of inhibition over acritica leve,
even if that is suffered only briefly. (In practice, because of inhibition persstence and
because of the 1-day minimum resolution in timing of exposure events, pesks of very
brief duration are unlikely and in any case impossible to estimate)) Under thisview, the
way to evaduate atempord profile of varying inhibition isto assess whether any single
day’sinhibition level gpproaches levels associated with acute effects. In the present case,
10% inhibition is being consdered as the POD, so for each day’ s estimated inhibition
level, one would evauate the margin of exposure vis-arvis the 10% benchmark. (Thisis
different from evduating each day’ s OP exposures versus a benchmark defined in terms
of OP dose, because the daily leve of cholinesterase inhibition will depend in part on
lingering effects from previous days.)

It isaso possble, however, that prolonged periods of inhibition at levelstoo low
to cause immediate acute responses may nonetheless lead to chronic toxicity. Inthose
cases, one must consder how long must inhibition be maintained a what levd to lead to
such effects. An example along these linesiis of herbicide impacts on aguatic
ecosystems, where herbicides act to block photosynthesis and are not directly toxic.

Once concentrations exceed a certain threshold, photosynthesisis blocked. If blockage is
sugtained for long enough, the plant dies of “garvation.” |f concentrationsfal below the
threshold before starvation, photosynthesis resumes and recovery israpid, but thereis
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“lost” productivity, which may or may not be of ecologica importance. To characterize
such impacts of duration on effect, one must track durations of excursions above the
threshold and of recovery periods. One could do probabilistic analysis of frequency and
duration of such excursons. But dso here the question is, What is the “dlowable’
frequency and duration?

Perhaps the BM D10, having been based on rat steady-state experiments, could be
conceived of as an assartion that 10% inhibition can be tolerated indefinitely without ill
effect. Thelogic would be that rats exposed continuoudy at a certain daily OP dose
leading to just under 10% inhibition at steady state will never exceed 10% inhibition no
matter how long the steady-gtate condition is maintained by ongoing dosing. If
continued dosing at this level does not produce chronic toxic effects, even if prolonged,
thisis evidence that 10% inhibition can be tolerated indefinitdy. (It is noteworthy that
the time to achieve steady state does not play much role in this argument, and so the basis
for matching consderation of the averaging time for ng aprofile to the experiment
duration to achieve steady state is not clear.)

Under thisview, a profile never reaching 10% inhibition could be thought of as
without chronic effects (setting asde the margin of exposure issue for the moment), but
thiswould be a conservative finding, sSince profiles that exceeded 10% for brief periods
(athough not reaching levels producing acute toxicity) but otherwise well below 10%
might well be without effects as well.

Once the day-by-day profile of cholinesterase inhibition is estimated, one could
then examine it for its potentia to cause toxicity occurring a various time scaes by
looking for periods longer than aday over which certain levels of inhibition are
maintained (or over which average inhibition is above some criticd leve). The
chdlengeisthat anima experiments provide a meager basis for defining what periods are
relevant and do not provide clear information on what to expect from a profile that varies
from day to day. Anima experiments that involve repeated dosing for various periods
typicaly are run with a congtant daily exposure level, leading to a teady date interna
doseleve and inhibition level. Sincethisinternd leve is congant, it is difficult to
ascribe itsimpacts to the pesks achieved or to the long-term average, since they will be
identicdl.

Fundamentdly, thisissue isidenticd to the "Concentration X Time" issuethat is
afamiliar problem in toxicology. One way to gpproach it would be to take rolling
averages with different window-s zes of the tempord profile of estimated cholinesterase
inhibition (but not of the profile of daly externd doses). The different window-szes
would inform assessment of toxic effects that are risked when cholinesterase isinhibited
to some average level for a corresponding period of time.

ThelLarger Issueof Toxicity Evaluation
The discussions above make it clear that a further discussion of the expected

relation of degrees of cholinesterase inhibition (and the durations of periods of such
inhibition) on actual toxic responses needs to be explored. The key to considering the
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OPs together as a common mechanism group isthat at least alarge class of their toxic
effects are deemed to be a product of cholinesterase inhibition. There may be other toxic
effects by other mechanisms or by related but distinct mechanisms, and these will aso
need to be consdered in the full characterization of risks posed by the various OP
pesticides, but the cumulative risk focuses on their joint effects on cholinesterase.

Inlight of the Agency’ slimited time frame for completing the cumulative risk
assessment of the OP pesticides, aviable approach isrecommended. This proposal
should not be congtrued as to discourage the Agency from seeking future refinement in
thisarea. The god of this recommendation isto characterize therisk of acute (“ pike’)
exposure based on acute toxicity data, and repeated exposure based on toxicity datafrom
repested dosing. Thus, multiple sets of risk evaluation are conducted.

Severd Pandigs questioned how the level of cholinesterase inhibition that isto
be related to effects, especialy to possible effects in children and to developmentd
neurctoxicity in particular. For instance, one Pandlist raised the question whether
cholinesterase inhibition itsdlf isthe issue, or isit just a measurement endpoint used to
reflect some other toxic endpoint? If the latter, whet are the hedlth effectsiit reflects?
This seems much more subtle and obscure than the case of a carcinogen or a mutagen, for
example. Inthis context, what is recovery? Clarity on these questionsis essentid to the
proper choice of exposure assessment interval. What kind of risk is associated with
shorter duration exposures? Arethey quditativey different from longer-term exposures?
How high do concentrations need to be to have these effects? Are these acute effects, or
chronic effects guaranteed by a short mgjor exposure large enough to provoke an effect
sometime later, whether or not there are other exposures?

Given that we are dedling with cholinesterase inhibition and recovery in the adult
femaerat as the endpoint, it may be vauable to know if there are differences between
adults and young (rats or in humans), the degree of inhibition and in the recovery from
inhibition from asmilar dose (adjusted for body weight). Thisisfurther raised in the
Panel’ s response to the next question.

In the near term, the Agency may have to use a less sophisticated approach to
dedling with cholinesterase inhibition over time by OPs. The Pand understands from the
Agency that the benchmark response (i.e., a 10% inhibition of cholinesterase) potentialy
appliesto effects over aperiod of time as short as one day. Because of this, the Agency
needs to explicitly consder 1-day intake estimates, particularly since modding to date
indicates that dally intake can vary dramaticaly, both for a single individua and among
individuasin apopulation. The Agency has been unable to create satisfactory BMD10
vauesfor acute (1-day) exposure, in large part because of limitationsin the acute OP
dose-response data available. Severd Panelists recommended that relevant dose-
response data for acute OP exposure be obtained. These dose-response data should be
derived in away that contemplates the potentia influence of preconditioning of the
animasto OPs on acute response. Since it will take time to develop these data, the
Agency should use the BMD10 values from 21-day exposures as surrogates for acute
BMD10 vdues on an interim bass. They have, in effect, done thisin their current
preliminary draft. NOELSs from acute studies suggest that an acute BMD10s would
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probably not differ substantialy from the 21-day, steady-state BMD10. While there was
some question as to the vdidity of this conclusion, the 21-day BMD10s probably
represent the best acute BMD10 estimate available a the moment.

Some Pandigts felt that the rolling average intakes potentialy correspond more
closdy with the 21-day BMD10 valuesin that they represent dose and response
integrated over Smilar time frames. This approach would be preferable to 1-day intakes
if the benchmark response was a function of average OP concentration over aperiod of
severa days. Thisdoes not appear to be the case, at least as the benchmark response is
currently defined. The Pand discussed the possibility of defining a benchmark response
in terms of both magnitude and time. It is reasonable to suspect that adverse effects from
cholinesterase inhibition are afunction of both the extent of inhibition and its duration.
Unfortunatdly, an understanding of the relationship between these factors and toxicity is
insufficient at present to develop a benchmark response metric that includes atime
function. As knowledge regarding the connection between cholinesterase inhibition and
OP toxicity increases, the Agency is encouraged to revigit the way in which the
benchmark dose is expressed.

Most Pandigts fet that the current list of RPFsis gpplicable for calculating the
repeated cumulative exposure.  Since these RPFs represent the steady state dose-response
at and beyond 21 days of exposure, one Panel member believed that it may not be
necessary to extend the moving average exposure further. However, the mgority of the
Panel noted that thisis a question of the duration of eevated exposure that would lead to
toxic effects and is not necessarily related to the time to achieve steady state inhibition,
but that the ability to tolerate a seady state of inhibition for long durationsisinformetive.

For assessing acute exposures, several Pandlists felt that a separate set of RPFs
would be desirable. The different pharmacokinetic characteristics of OPs are expected to
have greater impact on the variation of their acute toxicities. The Functiond
Observationa Battery (FOB) tests are the most uniform set of studies available for
evauating the acute neurotoxicity of OP pesticides. However, due to the design of these
sudies, care should be taken in interpreting the ChEl data from acute (Sngle dosing)

FOB studies for the purpose of establishing the RPF:

1) The time of ChE measurement: The first ChE measurements (plasma and RBC) are
usudly taken at the time-of-pesk effects (TOPE) which varies from chemica to chemica
and is not optimized for peak ChE inhibition (ChEl).

2) The choice of endpoint for RPE: While plasma and RBC ChE activities are monitored
on the day of dosing, day 7, and day 14, brain ChE activities are usualy measured only at
the termination of study (day 14).

A pilot study can be carried out to eval uate the feasibility of establishing acute
RPF, garting with afew high contributing OPs. Alternatively, the current list of RPF
based on steady state dose-response could be used for estimating the cumulative
exposure.
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One essentid feature in risk characterization isin its description. The find
cumulative risk assessment should consist of athorough risk characterization discusson
in which the underlying uncertainties and assumptions are clearly presented to facilitate
risk communication and for risk management considerations.

2. In the Preiminary OP Cumulative Risk Assessment, Section |.H listsa number of
potential follow-up activities proposed by OPP. Thislist isnot exhaustive. Doesthe
Panel recommend any additional follow-up activitiesor senstivity analyses beyond
those listed? Doesthe Panel have any thoughts or recommendations about how
these additional analyses should be conducted? Which activities should receive the
greatest priority?

The question asks both for suggestions of additiond follow-up information-
gathering and andysis efforts and guidance on priorities for such projects. The Panel
believesit iswisest to avoid an effort to directly formulate a priority-ordered list pending
abasic effort to systematicaly explore the effects of the various readily assessable
uncertainties on the bottom-line results of the current analyss (the current andysis
focuses exclusively on variability in exposure and risk, rather than uncertainty, athough
there has been some assessment of standard statistical uncertainty in some parameters).
The broad outlines of such an uncertainty/sensitivity analyss effort will be provided
below.

Before starting that description, however, it isbest to clarify how the results of
such an uncertainty analysis should naturally feed into priority-setting choices. The basic
objective is to make the largest possible positively-vaued impact with limited avallable
resources. If thegod is reducing uncertainties in a particular outcome parameter, this
means atempting to anticipate how much particular information gathering/analysis
efforts are likely to reduce the overal uncertaintiesin the outcome parameter per unit of
expenditure of some limiting resource. For this purpose a*“limiting resource’ is not
necessaxily only describable in monetary terms, but can include specidized expertise of
various kinds that are not readily fungible in the near term. Where specific kinds of
resources are not reedily fungible, it is best to have separate priority-alocation systems
for the various defined resource types (Hattis and Goble, 1994). Over the longer term,
different kinds of resources become more fungible.

Thus, priority dlocation choices are best informed by dataljudgements of two
kinds: (1) how much uncertainty isin the current analyss attributable to particular
sources, and (2) how much reductionin each type of uncertainly can reasonably be
anticipated for feasible research/analysis efforts of various types and sizes. Formd
andyses of the sengitivity of the results of the current assessment to changes in various
parameter vaues and other assumptions will clearly yied information about the first
congderation; however judgments about the second consideration need to be added.

Thereis dso an important source of concern in proposing any forma analyss of
the magnitude of readily assessable uncertainties as an input to priority-setting. That is,
some more fundamental sources of uncertainty, which are not readily assessed
datigticaly, are quite likely to be more important than those that lend themsdvesto
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graightforward quantification. Some of the suggestions that the Pand makes below for
more fundamenta research reflect ajudgment that there are promising opportunities for
basic research efforts to fill ggpsin our current understanding that at the present time
must be bridged with potentialy inaccurate assumptions. In at least one other case, the
potentia use of urinary OP metabolite datafrom NHANESS, the effort isjust to take
advantage of an opportunity that israrein risk assessment: to detect any gross anomalies
between actua and estimated exposures, if they are present as the result of unsuspected
sources of error in the exposure estimation methods.

Approach for Systematic Exploration of the Effects of Readily Assessable Sour ces of
Uncertainty

There are three basic steps in such an andyss.

1. Identify a*“bottom lin€’” outcome parameter that captures as well as possible the basic
hedlth concern that could be afocus of risk management decision-making. (If more than
one “bottom ling” parameter is needed to capture different concerns, the find model
caculations should be repeated for each of the needed outputs.) For example, one might
choose the 99th percentile of the MOE for the most sengitive age group in a
representative geographic region as the focus of analyss. The redtriction of the
uncertainty analysis to one or asmal number of outcome parameters and asingle region
is meant to reduce the computationa requirements for multiple runs of the modd, and the
cognitive burden to effectively grapple with what are likely to be broadly smilar results
for different regions.

2. For parameters that are the result of statistical model outputs or other statistical
andyses (eg., the relative potency factors; central estimates of exposure related
parameters, and estimates of variability of exposure-related parameters such as geometric
standard deviations), estimate the standard errors of the estimates. A standard error is
anaogous to a standard deviation, but applied to the mean or some other group Statistic
such as one describing the interindividud variability. If the distribution describing
variability islognormd, then the sandard error of the mean log vaue should be
computed from the log transformed values. The uncertainty in the standard deviation of
the logarithms (representing the variability among individua vaues for alognorma
digtribution) should similarly be expressed in log terms. In some cases bootstrap
amulation methods may be helpful in estimating the uncertaintiesin particular satistics
where inferences about, for example, the extent of interindividua variability in particular
exposures have been made from limited summary datisticsin published papers rather
than the full underlying data sets of individud vaues.

For other parameters, subjectively assess values that the andlyst believes have
about an 80% or an 85% chance to be higher than the true value (in contrast to an
edimate which isjust as likely to be higher or lower than the true vaue, which should be
the basdine vaue used in the main andlyss). By “higher”, what ismeant hereis
different from the median estimate in the direction that is expected to increase the risk
indicated by the outcome parameter (e.g. lower MOES). Some parameters will need to be
lowered in their values to correspond to the direction producing an increaseinrisk. A
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subjective 80-85% level (gpproximately 4/5 or 5/6 chances) is preferable for subjective
estimation because of the notorious unintentional biases toward underestimation of
uncertainties when both lay people and experts attempt to assign more extreme limitsto
parameters, such as 1%-99% ranges (Tversky and Kahneman, 1974; Alpert and Raiffa,
1982; Lichgtengtein and Fischoff, 1977). To help promote consstency in estimates of
uncertainties across many different subject aress, it would be helpful for asmdl team (1-
3 people) to be responsible for arriving at the fina estimates with the assistance of
experts who performed the primary andyses of available information.

3. One by one, subgtitute input vaues for the analysis dtered by amounts thought to
correspond to about one standard error in the direction that produces larger risks (or
lower MOES). Summarize and compare the relative senstivity of the changesin the
bottom line parameter(s) to the comparable standard error changes in the various input
vaues.

Other Suggestionsfor Information-Gathering/Model Evaluation Efforts

The following recommendations address sections of the Agency’ s background

document. In addition, a “Risk Assessment Methodology” category is presented first
because it contains some of the most fundamenta and potentidly significant issues.

Risk Assessment Methodology

The Agency acknowledges the need to take into account dl potentia toxicity
endpoints for determining individuad chemica risk. However, the cumulative risk
assessment is based upon one identified mechanism aone. The contribution of any one
pesticide may not be associated, viait's effects, on only one mechanism and toxicity.
Other mechanisms should be taken into consideration during the process of sdecting
chemicasto beincluded or excluded in a cumulétive risk assessment. Thus, one
practicd limitation of a cumulative risk assessment is that it cannot encompass dl the
potential hazards associated with a group of peticides. While the Agency Stated this
pogition at the meeting, it should aso be made clear in the PCRA. The Pand concluded
that the practical gpproach taken by the Agency given the current biologica dataon these
chemicasis sound and should proceed.

Taking into consideration the materids provided to the Panel, one particularly
promising areafor further exploration is to compare the modeled distribution of
exposures to sets of pesticides that yield a common urinary metabolite to the distribution
of daily exposures that can be inferred from the urinary metabolite data from the
nationally representative NHANES3 data. Thisisincluded in the EPA saff list of
projects and is enthusiastically endorsed by the Panel. One Pandl member added that an
identification of the metabolite is needed.

The Panedl dso believes that it isimportant to pursue the issue of multi-day
modding and the actud build-up of cholinesterase inhibition over time, in the face of
reversa/regenerdion ratesin humans. Thisis described in more detail in the response to
an earlier question above.
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An important issue for longer term basic research isthe vdidation of relative
potency measures for various effect endpoints (behaviord, respiratory inhibition, etc.) vs.
brain, red blood cell and plasma cholinesterase inhibition in experimental animal
gpecies. Also, there needs to be some further exploration of the protectiveness of the
chronic rat brain cholinesterase ED10 relative to doses at which toxic and
neurodevelopmenta effects can be observed following fetal and neonata exposures over
various durations. Comparisons should be made particularly between adult steedy state
rat ED10 doses and the dose rates that might be observed to giverise to
neurodevelopmenta effects on relatively short term dosing schedulesin very young
experimental animals (with pardle observations on ED10 s for brain cholinesterase
inhibition for those short term dosing schedules in young animals).

In the near term, efforts should be made to mine and andyze the available data to
assess the degree of uncertainty in the generd assumption that RPF derived from chronic
rat brain ED10s are the same as RPF that would be derived: (A) from acute
cholinesterase inhibition and toxicity experimentsin adult rats, and (B) from
cholinesterase inhibition, toxicity, and neurodevelopmentd effects observable following
exposure in the fetd and neonatd periods. The Panel raised thisissue since the Agency’s
background document reviewed the case of malahion, suggesting differentia toxicity
between early life and adult exposures relative to that expected for other OPs.

There should aso be some effort to utilize avallable human data to develop
digributions of human peripherd (red cdll and plasma) cholinesterase inhibition reversal
rates. Such analyses are likely to be possible from observations of OP exposed workers
following the end of an exposure or growing season or from the limited studies that may
be available from human exposure studies (e.g. ddicarb). An example of such research
isby Modller and Rider (1962).

Edimating Risk in Children

The Pand highly recommended that the PCRA for OPs be expanded to provide an
evauation to other susceptible subpopulations, specificaly infants, children and the
elderly. The Pand strongly maintained the position that a cumulative risk assessment of
OPs cannot be complete without such an evauation. In the current document, risk is
characterized as the margin of exposure thet is determined by both the POD and the level
of exposure. While exposure sections of the current document clearly indicate that
children between the ages of 1-5 years are more heavily exposed to OPs than adults, the
POD was not derived from studies in animals of comparable developmenta periods but
rather from studiesin adult femaerats. The adult POD was gpplied to children in both
the 1-2 year and 3-5 year old age groups (Fig. 1.G-3aand 1.G-3b on pages|.G. 29-30).
For compounds that appear to be more (or less) toxic to young animals, this would not be
gopropriate. A more relevant gpproach would be to match the population used in the
dose-response assessment to the population used in the exposure assessment- i.e.,
separate exposure and dose-response assessments to be conducted based on comparable

ajes.
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For the OPs, thisis a quantitatively sgnificant issue. Under the Food Quality
Protection Act (FQPA), an additional uncertainty factor for children is required unless
the avallable data indicate that children are not more sengtive to the chemicd than
members of the generd population (U.S. EPA, 1998). Thisisintended to addressthe
concern that children may be and often are more sengtive than adults to pesticide
exposure. Thisisthe default approach to be taken in the absence of data. However for
many OPs, specific data are available and should be used quantitatively in the cumulative
risk assessment. Datain the open peer reviewed literature suggest that differencesin
sengitivity between young and adult animals exist and can vary among the different OPs
(Brodeur and DuBois, 1967; Mendoza, 1976; Mandoza and Shields, 1977; National
Research Council, 1993). In the absence of auniform differentia susceptibility to OPsin
the young, relative potency factors for each OP should be computed and used to convert
total exposure to each pesticide to the equivaent total exposure to the reference
chemicd. Without detato estimate relative potency in children, a default approach could
be used based on the available potency estimate for adults until better deta are available.

Risk to the Elderly Population

The Pand expressed concern that while children are being consdered as a
susceptible population warranting additional measures to ensure gppropriate protection,
the elderly are alarge susceptible population that are not considered in asimilar fashion.
The assumption that the efforts to protect one susceptible population will be inclusive of
others requires a scientific basis, as this may not be an appropriate approach. For the
central and periphera nervous system, the basis for susceptibility is different between the
age groups, asit isfor the immune and respiratory systems.

Hazard Assessment

The Pand encourages the Agency to develop and apply full PBPK/PD modesto
the cholinesterase inhibition effects of different OPs. In the long term, from a
mechanigtic and biologica pergpective in thinking about pharmacokinetic and
pharmacodynamic processes, the use of RPFsis undesirable. RPFsare at best an
gpproximation to the actua pharmacokinetic and pharmacodynamic behavior of the
overal mixture of OPsto which people are exposed. The long term science-based
solution to this problem is to use PBPK modds for the individud organophosphates and
to include gppropriate interaction terms so that the individual modes could be combined.
Thisideawould obviate the need for RPFs as the pharmacokinetic, AChE inhibition, and
recovery kinetics for the individua components of the mixture would be directly and
explicitly assessed without modification.

One Pand member suggested that some effort be devoted to developing or using
an in vitro mode for measuring the relative potency of OPs using cholinesterase
inhibition asthe end point. A family of such sysems might be helpful in detecting
possible interspecies or inter-tissue differencesin relative potencies for specific sets of
OPs.
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Combining Studies

In the cumulative risk assessment process, the Agency combines al toxicity
studies classified as “acceptable’ to determine RPFs for each OP. Currently, the data
sets undergo one leve of review for adequacy prior to determining relative potency. In
any excluson of data, the Pand suggested that the Agency should not rely on forma
datigtica tests such as * goodness-of-fit tests’ to decide which studies met such criteria.
Rather, judgement needs to be based on the scientific qudity of the sudy with
consderation that dl available data provides the Agency with some leve of information.

Interactions

The Agency’ s background document discusses the potentia for toxicologic
interactionsin section |.B, pp. 56-57. This discusson has dowly expanded and improved
with successve versons of the risk andyss document. The conclusion in the present
draft, that low dose interactions areimplausible, is necessarily true. If, however, the fina
risk characterization suggests that some exposures may be in or gpproach the range of
concern, then interactions may be plausible that differ from those expected from smple
dose edditivity.

While this need not be amgjor focus of revisons to the current document, given
other more pressing issues that the Agency needs to address, the document should citein
this section the recently issued Agency guidelines on the conduct of mixtures risk
assessment and clarify the extent to which the current approach is consgstent with these
guiddines. Astime and resources permit, the Agency may wish to congder a least an
abbreviated weight-of-evidence assessment for toxicant interactions for those OPs that
commonly co-occur in relaively high potency-weighted doses.

Food Exposure Assessment

The Agency needs a least some longitudina data sets for magor modes of
continuing exposure, eg. diet. Preferably, there should be some periods of afew weeks
of continuous measurement for the same individuas for afew periods during asingle
caendar year (perhaps one per season). This should be done for amodest number of
people (perhaps 100 if possible) but it is probably not necessary to do it for thousands to
develop good estimates of within- and between-season autocorrelation of dietary
exposures over longer periods of time (from successive days, to weeks and up to a year).

Drinking Water Exposure Assessment

The current assessment includes an assumption that gpplications occur as pulses
across the entire watershed on agiven date. For the find analysis, it would be
advantageous to explore how this assumption affects the results. Clearly a coordinated
gpplication date would lead the bulk of inputs to the Index Reservoir to occur over a short
period of time, but this may not lead to the highest exposures, because asingle
application date may dlow al OPsto be gpplied long before the rainfall event that moves
them to the reservoir, and substantia degradation may occur in the intervening time.
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Digtributing applications over time makes it more likely that some agpplications would
occur shortly before the first rainfall event, whenever it occurs.

The Agency should do some sengitivity analysis using various assumptions about
the heterogeneity of land use, compound use and climatology within regions, especidly
a ardatively smdl basin scde. The concern hereisthat there might be bad-case
Stuations where some basins will not be protected by the conservatism built in to the
Index Reservoir modd!.

To enhance the database for estimating drinking water exposuresto OPs, it
would be very desirable to develop arapid, inexpensive and technicaly easy method for
detecting totd OPsin “finished” drinking weter. The set of positive samples could then
be used to sdlect samples for more detailed chemical andysis. Additiondly, thiskind of
tool would facilitate long term detailed monitoring to assess the accuracy of the modeling
results. If this can be accomplished, then the method should be devel oped further for
possible use in other media

The Agency should make a systematic effort to determine the extent to which
pesticides are converted to active forms in the treatment of drinking water. This should
be done as arequirement for regigration following an Agency funded preliminary
investigation to explore those conditions most likely to result in activation. The problem
isthat there are avariety of oxidative processes used in water treatment ranging from the
relatively mild oxidative conditions that would be experienced with chloramines as the
primary disnfectant, to chlorine, chlorine dioxide, and ozone. In addition to the
disnfectants, consderation should dso be given to the common use of other oxidants
such as hydrogen peroxide and potassium permanganate in water trestment. These
studies should recognize that the wide variaion in pH found in different drinking water
systems may affect the process of activation/deactivation of the pesticides as well.

Finaly, there is a need to develop the capability to mode drinking water
exposures that occur as the result of OP contamination in rivers and streams. These
flowing water bodies have lower dilution capabilities and more rapid flows, leading to
higher short term pesks of contaminant levels that may occasiondly be of toxicologica
concern.

Residentia Exposure Assessment

The Pand had severa suggestions for modest expansionsto the analysis. Fird,
the Agency should consider adding inhaation exposures to volatile active ingredients to
the lawn scenario, particularly for children. There should aso be some assessment of
school/day-care exposures to pesticides. Findly, the Pand would also liketo seea
serious effort to assess exposures to OPs in food that becomes contaminated in the course
of the same events that |ead to the home gardening exposures.
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Other issues requiring consideration

While the Agency reiterated their commitment to the inclusion of young children
inther find risk assessment, the Pandl consdered this a significant concern requiring
additiond review. There are sufficient issues with regard to collection and use of data
from developmental studies that the Panel recommended such topics be considered for
scientific independent peer review. Such issuesinclude but are not limited to:

(1) Thelimited number of data setsfor evauation of developmenta neurotoxicity of
OPs.

(2) The need to use dl available information including data in the peer-reviewed
literature.

(3) The need to obtain experimenta data regarding the influence of background
cholinesterase inhibition on the response to episodic peak exposures.

(4) The use of the identified adult common mechanism and cholinesterase inhibition to
assesstoxicity in the young. Thereis aso aneed to consider other mechanisms of
toxicity. Severa questions were raised with respect to differentid toxicity in young
animds

(8 Are RPFsthe samein young and old for each chemica or do they differ
ggnificantly for certain chemicas?

(b) Should the POD be sgnificantly different in the young animal?

(c) Arethere experimental data to support the assumption that the characteristics
and inhibition of cholinesterase activity are Smilar in the developing organiam

and the adult?

(d) Hasit been demonstrated that cholinesterase inhibition as amarker of
neurotoxicity is equivaent in the young and the adult?

(5) Inview of the differencesin route of exposure for developmenta and adult studies,
can accurate estimates of potency factors be performed?

(6) Could the rdative susceptibility of different OPsin the developing organism be
different than in the adult?

(7) Canwe accuratdly assess the differentid susceptibility of young and adult animas
given the differences in the tandardized test batteries and the endpoints examined?

(8) Should the performance of the EPA Developmenta Neurotoxicity Test Battery be
evauated and compared with the standard test battery used with adult animals?
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Appendix A. Modification of Ralling-Average Approach Through Application of
Exponentially-Weighted Running Sum

As noted in the report, subsequent to the meeting, one Pand member (Lorenz
Rhomberg, Ph.D) proposed a modified rolling average mode through application of an
exponentialy-weighted running sum. Such an approach would take into account the OP-
specific perdstence time of cholinesterase inhibition, an important consideration raised
by the Pand in the report. While the Panel did not have the opportunity to review the
proposed model, the model is being presented to the Agency for illustrative purposes and
for their future consderation. The operations of the moded are provided below and are
available on the SAP web Ste:

http:/AMmww.epa.gov/scipoly/sap/index.htm

The caculations of the exponentidly-weghted running sum method itsef are
ample. They hinge on defining, for each OP, the agent-gpecific "limiting haf-life," that
is, thetime it takesto recover haf of the inhibition of cholinesterase caused by aday's
exposure. Thisisameasure of the pergstence effect, and the essence of the method is
that this persstence is reasonably treeted as an exponential decay of impact on ChE
inhibition. For agiven OP, once the limiting haf-life is estimated, the sepsin applying
the exponentialy-weighted running sum are asfollows:

Let D, be the dose of the OP on day x of aprofile of daily exposures, withx =1, 2, 3, ...
representing the sequentia days in the exposure profile. Then

(1) turnthe limiting half-life (expressed in hours) into arate constant by caculating
k=1n2/t,,

(2) cdculate the factor F as
F = exp(-k*24)

(3) For each day x in an exposure profile of daily doses, caculate the "perssting dose’
(PD) as

PD, =sum (D,*F)

wherei isthe number of daysin the padt, teking thevauesO, 1, 2,3, ..., n. That
is, i=0for today, i=1 for yesterday, i=2 for the day before yesterday, etc. The largest
vaue of i should be set so that about 5 timesthet,,, is covered.

(4) Cdculate J, the OP-specific reation between PD and the degree of ChE inhibition by
using the ED10 asfollows:

J=10%/ [ ED10*(U/1-F) ]
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(5) Cdculate, for eech day x in the profile, the estimated ChE inhibition 1, on that day as
l,=PD,*J

(6) Do steps 1-5 for each OP. Then add the I, vduesfor the inhibition attributable to
each agent to get the totd inhibition T1, estimated for each day x.

TI, = sum over agents (1,)

These vaues conditute adaily profile of esimated ChE inhibition that results from the
exposure profile to the set of OPs.

Mogt of the spreadshect is devoted to demongtrating the idea that alimiting half-
life can be defined and to showing that the estimated ChE inhibition from the above
cdculations closdly mimics the cdculations one would get from a more fully developed
pharmacokinetic modd. Thus, in the spreadsheet, a more complex mode! is made and
used smply to provide a "target” for the above smple method to try to mimic.

Under the heading "Modd", a pharmacokinetic modd is presented for an OP that
is eliminated from the body with a certain haf-life and that reacts with cholinesterase at a
certain rete, dependent on its concentration and on the amount of un-inhibited
cholinesterase present. The inhibited cholinesterase recovers at a certain rate that is OP-
specific and that has arate of recovery proportiond to the amount of inhibition at any
moment. Recovery is not specified as to whether there is resynthesis of new ChE or
repair of inhibited molecules—-it is assumed that it al goesinto onerate. (A more
complex modd could be created, but the model is only used in the spreadsheet to
illugtrate principles and to provide a "target” for the smplified exponentialy-weighted
running sum method to try to predict.)

Under the heading "Variations," the parameters of the mode are changed to
examine their effects on both the steady-dtate level of cholinesterase inhibition and on the
peak level after a1-day isolated exposure. A dose rate of 10% steady-state ChE
inhibition is selected (Where Steady-state is assumed to be achieved after 960 hours, the
of time for operations of the modd).

AVaidions@ illudrate the effects of different model parameters on the
inhibition, or rather the effect of the parameters on the dose needed to give 10% steady-
gate inhibition. For each case, the modd is run with the same dose and parameters, but
for oneisolated day. This demonstrates the amount of pegk inhibition that would be
achieved after a 24-hour exposure to a naive subject if given the dose rate for only one
day. If that dose rate were to be continued indefinitely, this would lead to 10% steady-
date inhibition. For many cases, the peak inhibition after one day islessthan 10% (i.e. a
one-day exposure a the daily dose rate that resultsin 10% steady-state inhibition and
leads to less inhibition after asingle day of exposure).

The point of AVariaions@ isto illusrate thet the ruling factor isthe "limiting
hdf life" which isthe longer of the hdf-life for dimination and the hdf-life for ChE
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recovery. In practice, the cholinesterase recovery is probably the true limiting factor.
The case dso illudtrates that the time to achieve steady-dtate inhibition (which can be
seen on the right-hand graph of ChE levels over time) is about 4-5 timesthe "limiting
haf life', regardiess of whether thet limit isin OP imination or in ChE recovery. This
can be seen by changing the haf-life parameters and observing the impact on the graph.

Under the documentation of the parameter variation is a st of satements that
discusses the gpplication to the problem of ng profiles, ng the difference
between steady-state and one-day inhibition at a given dose rate. The key here is whether
the proportionality between these two changes with changes in parameters. For two
different OPs (each with its own parameters), the dose rate to get 10% steady-state
inhibition will be different (hence the basis for the rdative potency factors, RPFs). But
for awide range of circumstances of different parameter values, the steedy-state and one-
day inhibitions stay in proportion to one another. That is, with different OPs (with
different parameters) the reative ability to cause seady-state inhibition is proportiond to
the relative ability to cause one-day inhibition. This scenario would not be gpplicable
when the limiting haf-life is shorter than a couple of days, which is not likely for OPs.

Nonethdless, the inhibition caused after a day's exposureis less than would result
at steady-state. The lowest part of the AVaiations@ sheet illustrates how to apply the
cdculation of "peragting dose’ (PD). Thisis consdered the exponentidly weighted
running sum as referenced in the Pand=s report. The basis of the steps 1-3 aboveislad
out in this section of the spreadsheet. The caculation can be gpplied to exposures that
are neither isolated one-day events nor congtant for an indefinite run of days. Thus, it
can be caculated for each day in the profile of an individud's day-to-day changing
exposure. Sinceit depends on the limiting haf-life, if the different OPs have different
such hdf-lives, one should use the OP-specific vaues.

The next step results in caculating the amount of inhibition expected on each day
from that day's PD values. For each OP, one calculates the PD timesthe ratio of the
steady-state inhibition to the PD for the steady State experiment (steps 4 and 5 above).
Then one sums the inhibitions caused by each OP on that day to get the day's total ChE
inhibition (step 6).

Toillugrate how dl thisworks in practice, the mode is further applied by
comparing (for asingle OP) the full pharmacokinetic modd's prediction of varying ChE
levels after a series of days with varying daily exposure, and comparing thisto the
gpproximate estimate that arises from the exponentialy-weighted running sum approach.
For two cases, "Peak in Low" and "Peak in High," each on their own shest, the
gpproximation is shown to be very good in that the estimates from the exponentialy-
weighted running sum method very dosdy mimic the caculation of ChE inhibition
coming from the full modd. (Peak in Low and Pegk in High refer to apesk of exposure
amid alow background and a higher background of other exposures, respectively.) The
dight deviation in "Pegk in High" is due to the fact that the peek inhibition iswell over
10%. Theleve of inhibition isthe sole nonlinear factor in the modd (because it depends
both on the OP concentration and on the amount of uninhibited ChE il l&ft), and so the
gpproximation starts to deviate as one gets ChE-inhibition levels over 10%. However,
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thisis unlikely to be a significant limitation in the red andys's, Snce such levels are not
usualy reached.

Findly, the sheet cdled "Year" shows a hypothetica year-long profile for two
imaginary OPs, "Thisfos' and "Thatahion." Thefirs has dower ChE recovery than the
second, which has an effect on how the PD rises and fdls after aperiod of high exposure
compared to the background level.

The application of the model shows the relations between steady State, one-day
isolated exposures and time-varying profiles. It dso illudtrates that the RPFs calculated
based on steady-state conditions can be applied to shorter-term exposures, as long asthe
effects of the limiting half-life (which are easly calculated) can be consdered. In
addition, the RPFs apply equaly well to exposure profiles where the exposure is a series
of different, short exposures following one another so closdly that they cannot be
congdered as isolated days, owing to the pergsting effects on ChE inhibition of previous

days.

The proposed modd is an attempt at turning a profile of changing daily exposures
to aseries of OPs, each with different propensty to inhibit ChE and with its own kinetics,
into adaily profile of the changing levels of ChE inhibition that results. Thisisa
separable step from considering the toxicity, and indeed, it is necessary to investigete the
ChE inhibition effectsin order to be able to address the toxicologica question of what
toxic effects one expects after peaks and/or prolonged times with different levels of
inhibition.
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