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Executive Summary

This document, "Overview of Issues Related to the Standard Operating
Procedures (SOPs) for Residential Exposure Assessment,” presents seven key issues
concerning the calculation of residential and other non-occupational pesticide
exposures, especially for children, for review and comment by the FIFRA Scientific
Advisory Panel (SAP). The Office of Pesticide Programs (OPP), EPA, plans to make
significant improvements and changes in its Residential SOPs to assure that its
exposure assessment methods are based on the most recent and best science
available. As explained in the Background section below, OPP previously presented
these SOPs to the SAP in September, 1997, as well as other related materials in
subsequent SAP meetings. Today's document does not present a revised version of
the 1997 Standard Operating Procedures for Residential Exposure Assessment.
Rather, OPP is presenting the most critical issues for discussion prior to developing a
revised SOP document. Accordingly, OPP is requesting the SAP's input on these
issues and, in particular, responses to the specific questions which immediately follow
this executive summary.

OPP’s approach to non-occupational exposure assessment presumes that
human exposure in residential settings depends primarily on two factors: how much
pesticide residue is available for human uptake and what human activities occur that
would result in contact with and uptake of residues. Many of OPP’s Residential SOPs
involve algorithms for estimating dermal exposure resulting from contact with pesticide-
treated surfaces (e.g., turf, carpets, etc.). In general, these algorithms are some form
of the following equation and employ either data or default assumptions for each
variable.

[Transferable residues (ug/cm2)] x [Human activity transfer coefficient (cm2/hr)]
x [Duration of activity (hr)] divided by body weight =
Amount of exposure (ug/kg body weight)

Following is a list of seven key issues which OPP would like the Panel to
address, including the changes that OPP plans to make to its Residential SOPs.
Complete discussions of the issues, the relevant data, and the supporting reasons for
OPP's proposals are found in each chapter of this document.

Issue 1. Calculating percent dislodgeability of available pesticide residues
from lawns, indoor surfaces, and pets

Turf--When chemical-specific "percent transferable residue" data on turfgrass are not
available, OPP proposes to assume that 5% of the amount applied is dislodgeable or
transferable (rather than 20%) for calculation of post application dermal exposure
estimates. There is sufficient evidence in the published literature and in guideline
studies submitted to the Agency that suggest the current standard value of 20 percent
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dislodgeability is an overestimate, regardless of method used.

Indoor surfaces--When chemical-specific "percent transferable residue"” data are
absent for indoor surfaces, OPP proposes to use 5% transferability (rather than 50%).
The 50% transferable rate was obtained by washing carpet "coupons” in a dislodging
solution (to show the potential maximum dislodgeable residues), whereas the 5% figure
was based on hand press, drag sled and cloth roller data for carpeting and desktops. It
should be noted, however, that one study which evaluated hard surfaces showed
transferability from sheet vinyl ranging from about 10% to 20% for drag sled and cloth
rollers, and from 3% to 4% for hand press. OPP would like the SAP to consider
whether/how to incorporate such results when developing a dislodgeablity percentage
assumption designed to be inclusive of all indoor surfaces.

Pet fur--Continue to assume 20% "percent transferable residues” from fur based on (1)
20% over predicts residues when measured using cotton gloves combined with stroking
an animal's flank and (2) 20% approaches the mean of values measured using cotton
gloves combined with vigorous rubbing. This assumption appears to overestimate
potential exposure, but more research is needed in this area.

Issue 2: Use of choreographed activities as surrogates for estimating
children’s dermal exposure

Exposure Duration--For estimating postapplication exposure following indoor and
outdoor broadcast applications of a pesticide, OPP plans to use transfer coefficients
derived from Jazzercise™ (a choreographed exercise program for adults lasting twenty
minutes) to represent four hours of typical human activities and to represent one hour
of extreme activity. Studies using Jazzercise™ compare well to available
postapplication studies in which biological monitoring of adults performing
choreographed activities was conducted. However, OPP recognizes that more
research is needed to identify activity patterns that lead to post application exposure.

Transfer coefficients--OPP proposes to retain the current transfer coefficient for turf
(43,000 cm?/hr) and to increase the current transfer factor for indoor surfaces to
200,000 cm?/hr.

Children's exposures--Until more is known about the differences between adult's and
children’s exposure, OPP will continue to estimate children’s exposure using activity
transfer coefficients based on activities choreographed to simulate children's behavior
performed by adults that are modified by appropriate scaling factors to compensate for
corresponding body weights and surface areas.




Issue 3: Characterizing hand (or object)-to-mouth activities

Frequency of hand-to-mouth events for children--Based on the SAP's previous
recommendations, OPP will increase the frequency of hand-to-mouth events from 1.56
events per hour to 20 events per hour. Also based on SAP's recommendations, OPP
plans to assume that two or three fingers will be placed in the mouth rather than both
hands, reducing the surface area from 350 cm? to 20 cm?. Thus, the total assumed
transfer rate would be 400 cm?/hr (20 events/hr X 20 cm?). OPP is asking the Panel to
confirm if this assumption is reasonably protective of teething toddlers (8-18 months
old), particularly concerning the assumption of two to three fingers being placed in the
mouth per hand-to-mouth event. OPP is also asking if there are sufficient data to
address age-specific mouthing behaviors.

Pesticide available on a child's hands--OPP currently assumes that 100% of residues
on the hands are available for dermal absorption and that 100% are also available for
non-dietary ingestion. However, available studies indicate that the extraction efficiency
and dermal absorption are influenced by residence time on the skin and by the amount
on the skin. One study suggests that 50% represents the maximum mouthing removal
rate for dried pesticide residues. Therefore, on a case-by-case basis, OPP plans to
evaluate a pesticide's chemical properties such as solubility when considering the
amount of pesticide on a child’s hands that may be available for non-dietary ingestion.

Dermal absorption--In response to concerns that the skin of infants and children may
be more permeable than adult skin, EPA examined the scientific literature, which
generally indicated no significant, age-related differences in permeability.

Model for non-dietary ingestion--OPP is considering using a model for non-dietary
ingestion through hand contact with plastic and plush toys (Gurunathan et al., 1998),
coupled with more realistic residue removal efficiencies as suggested by Lu and
Fenske (1999).

Issue 4. Calculating exposure to pesticides that may result from track-in,
spray drift, bathing or showering

House dust--In most cases, OPP will attempt to estimate exposure to house dust.
However, in most cases, OPP believes the magnitude of concentration and subsequent
exposure estimates from house dust contaminated with pesticides will be considerably
lower than estimates made using transferable residues following conventional uses of
pesticides.

Bathing or Showering--A model addressing exposure while showering is under
development and not available for review at this time. The model is based on an
approach used by the Agency in other programs, such as Superfund, and relies on




physical/chemical properties of the pesticide and other parameters currently used in
the SOP for addressing swimmer exposure.

Issue 5: Estimating exposure of children of farmers or farm workers to
pesticides

Consideration of new model--Available data indicate that children living near farms may
experience higher pesticide exposures than children who live at a distance from such
sites. OPP proposes to address such potentially higher exposure by estimating
deposition on lawns resulting from drift when pesticides are used on nearby farms or
other sites and including that exposure when assessing the residential pathway. The
Environmental Fate and Effects Division (EFED) of OPP is developing models to
estimate deposition, based on Spray Drift Task Force data for aerial, orchard airblast
and groundboom applications. The results are expected to be similar to the AQDRIFT
model, but EFED has not defined a deposition level at the edge of the orchards
because there are little or no data for edge-of-orchard and in-orchard deposition levels.
EFED's proposed method, which was presented to the SAP on July 23, 1999, estimates
the 95th percentile deposition value at 25 feet downwind of sites with high drift potential
to be 15% of the amount applied. The Health Effects Division (HED) of OPP intends to
employ EFED's deposition models after they have improved in light of the SAP review.
Exposure to residues cause by drift migrating to residential areas can be assessed
using existing SOPs addressing postapplication exposure to turf residues and soill
ingestion. Track-in can be addressed based on the work of Nishioka et al. (1996 and
1999).

Issue 6: Exposure to drift

Bystander exposure--The encroachment of suburbia on rural farming environments
raises an additional possible exposure scenario. The Agency proposes to develop
upper bound estimates of direct exposure of people to drift of pesticides by assuming
that an individual is 25 feet from the edge of the treated site and the person
experiences exposure equal to a pesticide flagger, as reflected in Pesticide Handlers
Exposure Database.

Issue 7: Calculating exposure from use of pesticides in schools, day-care
centers, and other public places

Exposures in schools and related locations--To be sure exposure at schools and similar
locations is addressed, OPP will determine if:

a pesticides which are labeled for application to schools, are also registered for
use in residences. If a pesticide is registered for schools and not residences, a
separate exposure assessment must be conducted.



W a potential drift scenario from agricultural applications was conducted for the
residential scenarios. If a drift exposure assessment was conducted for a
residence, one is not needed for schools. Agricultural drift scenarios are needed
if the application of a pesticide to residential lawns results in a higher residue
level than that estimated for schools.

4 the use pattern for schools differs significantly from the residential use pattern.
If it differs significantly, a separate assessment for schools is needed.

Questions for the Scientific Advisory Panel

OPP requests that the SAP consider the seven key issues described in this
document concerning proposed revisions to its “Standard Operating Procedures for
Residential Exposure Assessments.” In particular, OPP would like the Panel to answer
the following questions:

Issuel: OPP is proposing to change the default assumptions in its SOPs for
"percent transferable residues” of pesticides on lawns, indoor surfaces
and pets. Does the Panel find these changes reasonable and
scientifically defensible, based upon the available data? In particular,
does the Panel agree with OPP's proposed assumption of 5%
transferability for indoor surfaces, recognizing that data for carpet and
desktops support this level, but data for vinyl surfaces show 10% to 20%
transferability? Similarly, should OPP consider using a higher "percent
transferable residue" factor for wet surfaces and/or sticky hands or not?

Issue 2: OPP has indicated the intention to continue to use choreographed
activities by adults as surrogates for estimating dermal exposure to
children. Specifically, OPP has proposed the use of 20 minutes of
Jazzercise as a surrogate for up to 4 hours of mixed activities. This
position is based on comparisons to biological monitoring studies with
adults performing choreographed activities. The Panel is asked to
comment upon this approach and its utility when addressing short-term
exposures (1 - 7 days) or exposures of longer durations. In addition, the
SOPs currently do not account for potential differences in permeability of
children's skin compared to adult skin and the Agency has found no
scientific data to document such differences. How does the Panel think
that the SOPs should address the concern that infants' and children's skin
may absorb pesticides at a greater rate than adult skin?

Issue 3: OPP has adopted the SAP's previous recommendations concerning the
frequency of hand-to-mouth events (20/hr) and available hand surface
area (20 cm?). Are these assumptions protective of teething toddlers (8-



Issue 4:

Issue 5:

Issue 6:

Issue 7:

18 months old), particularly concerning the amount of the hand placed in
the mouth (two to three fingers; 20 cm?)? The frequency of 20 events per
hour is the 90" percentile from a study involving observations of children
at home and in day care centers. The mean in that study is ~10 events
per hour. Panel is also asked to comment on the use of these values
when addressing short-term exposures (1 - 7 days) or exposures of
longer durations.

Given the relatively low magnitude of exposures from track-in, bathing or
showering relative to other scenarios, should OPP estimate exposure to
pesticides that may result from these sources? If so, have we identified
the most critical scenarios and approaches to be used to do the
estimation?

OPP proposes to address exposure of children living on or near farms
where pesticides are used by estimating deposition on lawns resulting
from pesticide drift; OPP is developing a drift model for this purpose.
Does the Panel consider this approach reasonable and are there other
important non-residential pathways of potential pesticide exposure that
should be evaluated for farm children?

OPP is proposing to initiate the use of a spray drift model to estimate the
likely magnitude of unintentional exposure to pesticide residues as a
result of direct exposure to sprays. What is the Panel's opinion
concerning the introduction of this new source of exposure into the risk
assessment process?

OPP currently assumes 24 hour residential exposure as a basis for its
assessment of risk. OPP believes that this assumption is sufficiently
conservative to protect from exposures that are likely to be encountered
in other non-residential settings such as schools, day care centers, or
other public places where the use patterns are comparable. Does the
Panel agree or disagree and why?



Background

The passage of the Food Quality Protection Act in 1996 mandated the U.S. EPA
(the Agency) to immediately begin considering aggregate exposure to pesticides.
Aggregate exposure includes pesticides in food and drinking water, as well as non-
dietary, non-occupational pesticide exposures for the general population. The latter
type of exposure can occur, for example, in a residential setting (or other areas
frequented by the general population). These exposures may include breathing vapors
while inside a treated home, exposures to children playing on a treated lawn, or
exposures attributable to the mouthing behaviors of infants and children. Prior to the
passage of FQPA, OPP addressed these kinds of exposures on a case-by-case basis,
typically in the Special Review process.

In response to FQPA, OPP developed Standard Operating Procedures (SOPSs)
For Residential Exposure Assessment, which it first brought before the FIFRA Scientific
Advisory Panel (SAP) for review on September 9, 1997. The intent of the SOPs was to
provide a means for consistently calculating single pathway, screening level exposures
and not to provide guidance on other related topics such as aggregate exposure
assessment. These SOPs are the backbone of the Agency’s current approach for
completing residential exposure assessments. However, the state-of-the-art has
changed since the release of the original document in 1997 and the public's attention
has clearly focused on the scientific and policy issues raised by the implementation of
FQPA.

Residential exposure and risk assessment issues have also been raised before
SAP meetings convened to review the following: Series 875, Post-Application Exposure
Monitoring Guidelines (1998); dichlorvos-specific exposure assessment approaches
(1998); and application of the FQPA Uncertainty Factor (1998, 1999). [Note: All of
these referenced reports and accompanying documents are available from the Internet
at http://www.epa.gov/pesticides/SAP.] OPP has also received numerous comments,
petitions, and responses to chemical-specific risk assessments that focused on general
risk assessment procedures and many of the same issues raised by these previous
SAP panels, as well as raise additional ones.

The following sections discuss the seven key issues which OPP would like the
Panel to address concerning OPP's plans to revise its SOPs to reflect the most recent
and best science available.



Introduction

The passage of the Food Quality Protection Act in 1996 mandated the U.S. EPA
(the Agency) to immediately begin routinely addressing nondietary and non-
occupational pesticide exposures for the general population. These are exposures that
can occur in a residential setting (or other areas frequented by the general population)
and that do not occur as part of the diet or as a result of participation in occupational
practices. These exposures may include breathing vapors while inside a treated home,
exposures to children playing on a treated lawn, or exposures attributable to the
mouthing behaviors of infants and children. Prior to the passage of FQPA, the Agency
addressed these kinds of exposures on a case-by-case basis, typically in the special
review process. In response to FQPA, the Agency developed Standard Operating
Procedures (SOPs) For Residential Exposure Assessment, which it brought before the
FIFRA Scientific Advisory Panel (SAP) for review on September 9, 1997. The intent of
the SOPs was to provide a means for consistently calculating single pathway,
screening level exposures and not to provide guidance on other related topics such as
aggregate exposure assessment. These SOPs are the backbone of the Agency’s
current approach for completing residential exposure assessments. However, the
state-of-the-art has changed since the release of the original document in 1997 and the
emphasis of industry, as well as academia and others, has clearly focused on the
scientific and policy issues raised by the implementation of FQPA and the use of the
first generation SOPs.

The report of the 1997 FIFRA SAP that reviewed the original SOP document
raised several issues in the field of residential exposure assessment that the Agency
has been attempting to address since that report was issued. The concerns of that
panel can be summarized as follows: longitudinal exposures across media were not
considered; the scope of the document needed clarification; adequate risk
characterization data were not provided; and a common mechanism of toxicity was not
considered. In addition to that meeting of the FIFRA SAP, residential exposure and
risk assessment issues have also been raised before several other SAP panels
convened to review the following: Series 875, Post-Application Exposure Monitoring
Guidelines (1998); dichlorvos-specific exposure assessment approaches (1998); and
application of the FQPA Uncertainty Factor (1998). [Note: All of these referenced
reports and accompanying documents are available from the Internet at
http://www.epa.gov/pesticides/SAP.] The Agency has also received numerous
comments, petitions, and responses to chemical-specific risk assessments and focused
on general risk assessment procedures that note many of the same issues raised by
these previous SAP panels, as well as raise additional ones.

This document does not present a completely revised version of the 1997 SOPs
For Residential Exposure Assessment. Instead, the Agency thought it would be a wiser
use of resources to present some of the critical issues first to the Panel for discussion
and resolution prior to developing a final product in the form of a revised SOP
document. The purpose of this document is to provide the background information
necessary for the July meeting of the FIFRA SAP and suggest the Agency’s proposed
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direction on modifying the SOP’s.



Overview of Residential Exposure Assessment

This section provides an overview of the approach that has been used by the
Agency to complete residential exposure and risk assessments. Key elements of the
process as well as some of the underlying factors are discussed.

0.1 Scope

The first step in assessing residential exposure and risk assessment is
determining the scope of these types of assessments. The term “residential”
refers to the generic umbrella of general population, nonoccupational exposures,
regardless of where they occur. The term “general population exposure” could
be easily substituted. If exposures occur as a result of activity directly related to
an application, they are referred to as “handler” exposures (e.g., one who mixes
or applies a pesticide product). On the other hand, if exposures occur as a
result of activities in a previously treated area, they are referred to as “post-
application” exposures. The other distinction that is made by the Agency is the
one between the terms “residential” and “homeowner.” The term homeowner is
used to refer to that segment of the population who purchase pesticides and
make their own applications. Conversely, it is possible to have a routine
residential post-application exposure scenario that results from the occupational
use of a chemical. For example, if a lawncare company or a structural pest
control company treats a lawn or a house, the residents can be exposed through
their normal activities inside and/or on the treated turf.

Given the above definitions, the Agency currently categorizes exposures
in the following manner when completing a residential risk assessment:

W Homeowner, Handler Exposures result from an individual, not as a
condition of his/her employment, applying a pesticide.

4 Residential, Post-Application Exposures result from entry and activity
in an environment previously treated with a pesticide. These exposures
may result from both occupational or homeowner applications and may
occur in a variety of settings including homes, schools, day care facilities,
and other public places (e.g., parklands).

[Note: All events considered in this document are nonoccupational in nature.
Exposures that can occur to bystanders of occupational applications or from
bring-home events to children (e.g., drift and residue track-in) are also
considered as they may cause exposures to those individuals not involved in the
occupational activity (e.g., children of a farmworker or pest control operator).]
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The toxicity of pesticides also determines how the Agency completes its
risk assessments. For example, the effects associated with a pesticide can differ
based on how it enters the body (e.g., different effects can occur based on
whether it is absorbed through the skin or is inhaled). The Agency structures
assessments based on the toxicological effects associated with each pesticide
and the potential for exposures related to each route of exposure.

0.2 Exposure/Risk Assessment Approach

In order to illustrate the critical issues pertaining to the SOPs For
Residential Exposure Assessment and the future approaches the Agency
envisions for residential exposure assessments, it is necessary to summarize the
current practices and how the current efforts to refine the assessment
approaches are consistent with sound exposure assessment practices.

The risk assessment approach used by the Agency is rooted in the
mandate of the Food Quality Protection Act (FQPA) amendments to the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) and the Federal Food,
Drug, and Cosmetic Act (FFDCA). The current approach is also consistent with
the Agency-wide guidance for exposure assessment detailed in the document
EPA Exposure Assessment Guidelines (U.S. EPA, 1992). FQPA requires the
Agency to address aggregate exposures as follows:

1. Section 408(b)(2)(A)(ii) defines “safe” to mean that “there is a reasonable
certainty that no harm will result from aggregate exposures to the
pesticide’s chemical residue from all anticipated dietary sources as well
as all exposures from other sources for which there are reliable
information.”

2. Section 408(b)(2)(C) requires EPA to give special consideration to infants
and children by requiring “that there is reasonable certainty that no harm
will result to infants and children from aggregate exposure to the
pesticide’s chemical residues....”

When FQPA was passed, the Agency had to interpret these mandates
and determine how to implement them. The Agency believed that the
“reasonable certainty of no harm” could only be established for food use
pesticides by conducting appropriate risk assessments. Moreover, the Agency
decided that such risk assessments had to routinely include non-occupational
(residential) exposures as well as the usual dietary exposures. Finally, the
Agency concluded that the procedures developed for these assessments must
be adequately protective. These decisions provided the genesis of the SOPs
For Residential Exposure Assessment (U.S. EPA, 1997).
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In order to ensure that the standard of “there is a reasonable certainty of
no harm” was established in the risk assessments completed by the Agency, the
original SOPs For Residential Exposure Assessment document were developed
using a deterministic, assumptive approach to exposure assessment that
intentionally produced bounding estimates. This approach is based on
conservative estimates, the Agency believes, and results in exposure estimates
for a single exposure pathway that are protective or do result in a “reasonable
certainty of no harm.” The Agency, in taking this approach, was consistent with
its own peer reviewed Exposure Assessment Guidelines in that the values
calculated resemble the TUBE (or Theoretical Upper Bounding Estimate) of
exposure described in the guidelines. TUBE values were to be calculated in lieu
of more refined chemical- and scenario-specific data (U.S. EPA, 1992). The
following, excerpted from the guidelines, describes the use of TUBE estimates of
exposure:

From Section 5.3.4.1 of the U.S. EPA Exposure Assessment
Guidelines - - Preliminary Evaluation and Bounding Estimates: “The
first step that experienced assessors usually take in evaluating the
scenario involves making bounding estimates for individual exposure
pathways. The purpose of this is to eliminate further work on refining
estimates for pathways that are clearly not important. The method used
for bounding estimates is to postulate a set of values for the parameters
in the exposure or dose equation that will result in an exposure or dose
higher than any exposure or dose expected to occur in the actual
population. The estimate of exposure or dose calculated by this method
is clearly outside of (and higher than) the distribution of actual exposures
or doses. If the value of this bounding estimate is not significant, the
pathway can be eliminated from further refinement. The theoretical upper
bounding estimate (TUBE) is a type of bounding estimate that can be
easily calculated and is designed to estimate exposure, dose, and risk
levels that are expected to exceed the levels experienced by all
individuals in the actual distribution. The TUBE is calculated by assuming
limits for all variables used to calculate exposure and dose, that, when
combined, will result in the mathematically highest exposure or dose. lItis
not necessary to go to the formality of the TUBE to assure that the
exposure or dose calculated is above the actual distribution, however,
since any combination that results in a value clearly higher than the
actual distributions can serve as a suitable upper bound.”

It should also be pointed out that the procedures outlined in the original
document were also not meant to be aggregated without a definitive
characterization by the assessor because it violates the basic tenets of exposure
assessment by adding highly conservative estimates of exposures that result in
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“bounding, unrealistic estimates of exposure” (U.S. EPA, 1992).

The focus of the Agency is now to develop more sophisticated exposure
and risk assessment methodologies that are required to complete more refined,
aggregate exposure analyses. This initiative also concurs with the guidance
provided in the EPA Guidelines for Exposure Assessment (U.S. EPA, 1992). On
this matter, the EPA Guidelines for Exposure Assessment provide the following
guidance:

Section 5.3.4.2 - - Refining the Estimates of Exposure and Dose: “For
those pathways not eliminated by bounding estimates or judged trivial, the
assessor will then evaluate the resulting exposure or dose. At this point,
the assessor will make estimates of exposure or dose that are designed
to fall on the actual distribution. The important point here is that unlike a
bounding estimate, these estimates should focus on points in the actual
distribution. Both estimates of central tendency and estimates of the
upper end of the distribution curve are useful in crafting risk descriptors.”

Section 5.3.5.1 - - Individual Exposure, Dose, and Risk: “If almost no
data are available, it would be difficult, if not impossible, to estimate
doses in the high end. One method that has been used, especially in
screening-level assessments, is to start with a bounding estimate and
back off the limits used until a combination of parameter values is, in the
judgement of the assessor, clearly in the distribution of exposure or dose.”

0.3 Use and Usage Information

Often overlooked but equally important in addressing residential exposure
assessments is use and usage (use related) information. Information
addressing specific locations of pesticide use (behind cabinets in kitchens) as
well as usage information such as the frequency of those applications are
needed for matching exposure scenarios with appropriate toxicity studies in
aggregate risk assessments. It is anticipated that well designed use and usage
surveys will play an important role in risk assessments in the future.

The amounts of chemical pesticides that are used annually in the home
and garden market as well as in other areas that can potentially contribute to
residential exposures are presented below in order to establish the import of
addressing these kinds of exposures. According to a report entitled Pesticide
Industry Sales and Usage 1994 and 1995 Market Estimates (U.S. EPA Report
733-R-97-002, 1997), 133 and 135 million pounds, respectively, of pesticide
active ingredients were applied in domestic home and garden settings in 1994
and 1995. This market accounted for approximately 11 percent of all domestic,
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conventional pesticide use in each of those years. This economic sector was
defined in the report as homeowner applications to homes and gardens,
including lawns.

Applications by owner/operators and custom/commercial applicators to
industrial, commercial, and government facilities, buildings, sites, and land as
well as custom/commercial applications to homes and gardens, including lawns,
also accounted for the annual use of another 159 and 150 million pounds,
respectively, of pesticide active ingredient in 1994 and 1995 (U.S. EPA Report
733-R-97-002, 1997). Some of these applications may contribute to residential
exposures because they include applications in residential environments and
include uses in facilities frequented by children such as schools and day care
centers. These types of applications accounted for approximately an additional
12 to 13 percent of all domestic pesticide use each year.

The categories of conventional chemicals that were considered by in the
1997 EPA report included: herbicides (including plant growth regulators);
insecticides and miticides; fungicides; fungicides and nematicides; other (e.g.,
rodenticides, molluscicide, and insect regulators). Insecticides and herbicides
were the most commonly used individual chemicals. Total annual sales of
conventional pesticide active ingredients were about 1.2 billion pounds per year
in both 1994 and 1995. This does not include the sales of industrial wood
preservatives, specialty biocides, and chlorine/hypochlorites which accounted
for 73 percent of the total pesticide market in 1995 (about another 3.5 billion
pounds of active ingredient). These chemicals also can contribute to residential
exposures.

Using the data currently available to put the residential exposure issue
into perspective, EPA Report 733-R-97-002 (1997) indicates that the annual use
of conventional pesticides in the home and garden marketplace was around 135
million pounds of active ingredient in 1994 and in 1995 and that this trend
remains relatively steady. Additionally, this report, indicates that in 1994
pesticides were used in approximately 70 million of the 95 million households in
the United States and that an average of 1.9 pounds of active ingredient were
applied in each user household (i.e., most homeowner products are dilute so this
means that tens or even hundreds of pounds of consumer (end-use) products
are potentially used in or around the average household each year). It follows
that is likely that at least two application events (or more) occur every year in
each household because of the quantities of end use products used. Therefore,
it can be theorized that there are at least 140 million annual pesticide application
events by homeowners alone that could result in exposures to the users
themselves as well as to anyone living in those households.
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A significant amount of use and usage data that are collected each year
that pertains to the amount of chemicals annually applied. The data required for
exposure analysis, however, are sometimes lacking; currently, many efforts are
being made through the Agency and various stakeholders to obtain those kinds
of data. For example, the Agency is working with several groups to obtain
information about pesticide use in the residential environment through efforts
with groups such as the National Pest Control Association and the American
Mosquito Control Association. As these and other kinds of critical use and
usage information become available, they will be used to refine exposure
assessments.
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1 Issue 1. Calculation of percent dislodgeability of available pesticide
residues from lawns, indoor surfaces and pets

OPP’s approach to non-occupational exposure assessment presumes that
human exposure in residential settings depends primarily on two factors: how much
pesticide residue is available for human uptake and what human activities occur that
would result in contact with and uptake of residues. Many of OPP’s Residential SOPs
involve algorithms for estimating dermal exposure resulting from contact with pesticide-
treated surfaces, e.qg. turf grass, carpets, etc. In general, these algorithms are some
form of the following equation and employ either data or default assumptions for each
variable.

[transferable residues (ug/cm2)] x [human activity transfer coefficient (cm2/hr)] x
[duration of activity (hrs.)] divided by body weight.

This section focuses on the determination of values for the transferable residues
variable. Data show that human contact with treated surfaces does not result in the
immediate transfer of all of the pesticide initially deposited on the surface to the human.
Many factors affect how much residue is “transferable.” Foremost is the amount of
pesticide applied. Other important factors are 1) the type of formulation; 2) the type of
surface; and 3) the amount of dissipation. Because these and other factors may
significantly decrease the amount of pesticide actually available for human uptake, EPA
believes it is inappropriate to assume that 100% of the applied pesticide is available for
uptake. Transferable residues may either be measured directly or, in the absence of
data, calculated by assuming that a specific percentage of the amount of pesticide
initial deposited is transferable.

There is considerable controversy over the appropriate assumption to be used in
the SOPs for “percent transferable residues.” At present, in the absence of appropriate
data, the SOPs assume that 50% is the “percent transferable residues,” both for
pesticides applied to turf grass and to indoor surfaces. As explained more fully below,
the 50% assumption is derived from a study in which pesticide residues on a carpet
were extracted using detergent. Other methods of sampling pesticide residues on
carpet and smooth surfaces produce much lower measurements of percent transferable
residues. Values range from 0.1% to 24%, depending on the sampling method and the
type of surface being sampled. As discussed below, EPA is considering changing the
assumption it uses in the absence of data about the amount of applied residue that is
transferable.

OPP believes that its current assumption of 50% transferable residues, together
with other values used in the Residential SOPs algorithms, probably overstates, to a
significant degree, the amount of residue available to humans through transfer by skin
contact with pesticide-treated surfaces. There are several reasons supporting this
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conclusion. First, numerous studies have been conducted using a variety of sampling
techniques to measure transferable residues. None of the techniques comes close to
collecting the percentage of initially deposited residues measured by the solvent
extraction method. Moreover, several of the sampling techniques employ methods
which closely resemble the actual phenomenon being modeled: transfer of pesticide
residues from a treated surface as a result of contact of human skin or clothing with the
surface. Data using these sampling techniques show a relatively lower percent
transferable residue than does the solvent extraction method.

In addition, OPP believes is appropriate to modify the assumption about the
“percent transferable residues” in order to used a value derived by the same sampling
technique as was used in the studies on which OPP’s “transfer coefficients” are based.
It is important to recognize the interdependence of the “transferable residue” value and
the human activity “transfer coefficient.” It is almost impossible to measure, directly at
the moment of transfer, the residues that are actually available and being transferred
from a surface to a human by a specific activity, e.g. touching a surface. Therefore,
scientists typically rely on other techniques to measure “transferable residues.”
“Transfer coefficients” are typically derived by measuring pesticide residues present on
an individual who has performed a particular activity for a fixed period of time. Then
the residues on the person are compared to the residues present on the treated
surfaces to determine how much of the residue was transferred. Since different
sampling methods collect different amounts of residue, the calculation of the transfer
coefficient for a specific activity depends on the method being used to measure
residues present on a surface. The higher the measured residues are, the lower the
transfer coefficient will appear, and vice versa.

The importance of using the same methodology for measuring transferable
residues for purposes of calculating the “transfer coefficient” and for the SOP algorithm
can be illustrated by an example. Assume that a pesticide is applied (i.e. deposited on
surfaces contacted by humans) at a rate calculated or measured as 100 ug/cm2; also
assume that patch testing or biomonitoring shows that in one hour a particular pattern
of human activity resulted human dermal exposure of 2000 ug. If the transferable
residue is measured at 1 ug/cm2 (i.e. 1% of the deposited rate), the transfer coefficient
would be 2000 cm2/hr. On the other hand, if the transferable residue is measured at
20 ug/cm?2 (i.e. 20% of the deposited rate), the transfer coefficient would be calculated
as 100 cm2/hr. Itis important, therefore, that a transfer coefficient be developed not
only for a particular human activity, but also for a particular method of measuring
transferable surface residues, and that the same sampling method be used for the
values employed in the Residential SOP algorithms.

The transfer coefficient for dermal exposure to pesticide-treated turf and indoor
surfaces was based on calculations using data on transferable residues measured by
the Cloth Roller sampling technique. Data from studies of transferable residues
measured by the Cloth Roller technique show that the percentage transferable residues
on carpets ranges from 1.1% to 4.9%. Concurrent measurements using other

17



techniques produced similar values. See Table 4. Therefore, OPP has decided it
would be appropriate to assume in the absence of data that 5% of initially deposited
residues are transferred to human skin through contact with pesticide-treated surfaces.

While OPP believes that using an assumption of 5% transferable residues is
appropriate for algorithms that involve estimating dermal exposure to pesticides on turf
grass and indoor surfaces, there are also reasons to question whether such an
assumption is adequately conservative. First, data show that the percent transferable
residues is considerably higher on smooth, hard surfaces such as counters, linoleum or
wood floors, than for turf or textured surfaces such as carpet or upholstery. At least
some of the surfaces people will contact will be smooth, hard surfaces with the higher
percent transferable residues. Second, most measurements of transferable residues
have been made on surfaces where pesticide residues have dried. Data show that a
higher percentage of residue is transferred when human contact occurs during the
period of time after initial deposition that the surface remains wet with the pesticide
spray. Third, in light of the data showing greater percentages of transfer of wet
residues, some have speculated that residues may be transferred to humans more
readily if an individual’s skin is wet or sticky (for example with food or drink residues).

OPP requests comment from the Panel on the appropriateness of using an
assumption of 5% transferable residue in the dermal exposure algorithms in the
Residential SOPs.

Finally, OPP has included information on several studies related to the transfer
of residues from pets to humans. These studies used a variety of techniques to collect
data on this potential source of exposure. OPP believes that there remain a number of
serious methodological issues with respect to evaluating this pathway of exposure, and
requests comment from the Panel on research directions for improving the models for
estimating this potential source of exposure.

It is well recognized in the published literature that only a certain portion of an
applied pesticide will normally be available for potential human exposure through
dermal contact. This fairly straightforward concept of the dislodgeability of pesticide
residues is complicated by a wide variety of terms and approaches used by various
investigators. For the purposes of this document, EPA makes the following distinctions:

a The term dislodgeable foliar residues (DFR) has its origins in agricultural
postapplication exposure studies in which plant material (leaf punches) of a
known surface area is placed in a jar containing an aqueous-surfactant
dislodging solution and shaken. The resulting suspension/solution is then taken
to the laboratory for analysis. This residue value is expressed as micrograms
per square centimeter (ug/cm?). This method is described in Iwata et al., (1977).
Agricultural DFRs based on this method typically represent 20 percent of the
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application rate and are the basis for the percent dislodgeable value currently in
use for assessing postapplication exposure to pesticides applied to turfgrass.

W Transferable residue (TR) methods rely on pressure and friction rather than a
dislodging solution, to “transfer” residues from the treated surface to a sample
collection media. Transferable residue (also known as transfer efficiency)
methods involve the dragging, pressing or rolling a material such as cotton cloth
over a known surface area treated with a pesticide. Transferable residues are
taken in situations where 1) leaf punches are not practical due to small leaf size,
as is the case with turfgrass, or 2) measuring residues after pesticide
applications have been made to carpets or other indoor surfaces. The pesticide
residues transferred to the material are extracted and expressed in the same
manner as the DFR’s (ug/cm?).

There are two basic approaches to determining how much available residue transfers
to a person (a) transfer coefficients and (b) transfer efficiency. For (a), in post
application studies required by the Agency, dislodgeable/transferable residues are
collected concurrently with a specified reentry activity. While performing the reentry
activity, study volunteers wear dosimeters (cloth patches or cotton clothing). Residues
are extracted from the dosimeters which represent certain surface areas of the body. In
agricultural situations, which make up the majority of postapplication studies submitted
to the Agency, the dermal exposure is normalized as micrograms per hour (xg/hr). The
relationship between the dermal exposure and the dislodgeable residues is expressed
as a transfer coefficient. The transfer coefficient is simply calculated by dividing the
hourly exposure by the residues measured at the time of the activity.

The transfer coefficient is calculated by the use of this simple equation:
Transfer Coefficient (cm?/hr) =
Hourly exposure (ug/hr) + Transferable residue (ug/cm?)

Transfer coefficients can be used to calculate potential dermal exposure (mg/kg/day) to
varying levels of pesticide residues by use of the following equation:

Transferable Residue (ug/cm?) X Transfer Coefficient (cm?/hr) X duration (hrs) + body
weight (kg)

Some researchers consider transferable residues as surrogates for human exposure
and refer to those residues as transfer efficiencies. Rather than conduct a concurrent
dermal, post application study, these transfer efficiencies are assumed to be directly
transferred to the skin. The Agency’s Office of Research and Development (ORD) is
using these “transfer efficiencies” to develop non-dietary exposure models through the
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use of the emerging video tape technology. However, both ORD and the regulated
community utilize some of the same residue sampling methods, and results from those
studies can be used to revise the percent dislodgeable values currently in the SOP.
The use of dislodgeable/transferable residues in the Residential SOPs is based on the

transfer coefficient concept.
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1.1 Dislodgeable and Transferable Residues - Turf

There are many variables influencing transferable residues on lawns,
including application rate, formulation type (e.g., spray or granular), and label
directions such as recommending that the pesticide be watered-in. Another
factor that may influence a pesticide’s transferability is pesticide penetration of
the waxy cuticle of the grass leaf or uptake by the plant’s roots in the case of
systemic pesticides. Dissipation of the residues, which is chemical and
formulation specific, is also addressed by dislodgeable or transferable residue
studies. Dissipation of turf residues is influenced by factors such as sunlight,
moisture, rainfall/irrigation, new growth and mowing. The length of time the
pesticide residues are available in the environment will influence whether short
term exposure (1-7 days) and/or intermediate-term exposure (7-90 days) are
estimated.

There are several technigues developed and used to measure
dislodgeable and transferable residues. A brief description of the methods use
by investigators to measure transferable/dislodgeable residues is as follows:

a The Foliar Wash utilizes a detergent solution to “dislodge” the residues
from turf leaves equaling a known surface area. This method most
closely resembles the dislodgeable foliar residue measurement method
used for agricultural reentry studies which typically use 40, one-inch leaf
punches. Since leaf punches are not possible with turf, weighted
amounts of fresh grass are taken. In the dislodgeable residue technique,
all grass is obtained from randomly selected, defined areas of the treated
plot. Prior to the study, multiple grass clipping samples must be obtained
from the test plot to establish a correlation between leaf surface area and
weight. This correlation is established by weighting fresh grass clippings
that have been placed on a template of known surface area or the use of
a leaf area meter. When the correlation is established, weighed samples
can be dislodged in the same way as the leaf punches. Other methods,
as shown below, use a matrix such as cotton cloth or polyurethane foam
(PUF) to collect the residues through the use of pressure and friction.
Residues collected using the following techniques are referred to as
transferable residues.

a The Shoe Method or cheese cloth wipe technique. This technique
involves a person scuffing forward and backward over a designated area
of treated turf (Thompson et al., 1984) (Sears et al., 1987). An
investigator’'s shoes are wrapped with plastic. Then the shoes are
wrapped with the cheese cloth. In some cases, a platform such as
cooking pan is attached to the bottom of each shoe and the cheese cloth
is attached to the underside of the platform. The cheese cloth is removed
from the platforms or shoes and taken to the laboratory for extraction and
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total analysis.

4 The Cloth Roller was developed by the California Department of
Pesticide Regulation. The method consists of a cotton (e.g., percale)
sheet situated over a known surface area that had been treated with a
pesticide. The sheet is secured with a template. A weighted roller (25
pounds) is then rolled over the fabric. Care is taken not to press too hard
with one sample consisting of ten rolls. Each roll consists of moving the
roller once forward and once back. (Ross et al., 1991). Total residues
are extracted from the cotton fabric.

a The Polyurethane Foam (PUF) Roller was developed by EPA’s ORD in
cooperation with Southwest Research Institute. The PUF roller is similar
to a common paint roller which forms the front wheel of the sampler. Two
rear wheels situated further apart than the roller provide stability. The
PUF roller also has a platform to accommodate various weights. The
PUF roller is rolled over a known surface area. The PUF sleeve is
removed and extracted for total pesticide residue analysis.

a The Drag Sled developed by the Dow Chemical Company, uses denim
fabrics attached to a weighted block which is dragged over a known
surface. The denim is extracted for pesticide residues. Various weights
can be used as with the PUF roller, most cases utilize weights simulating
the pressure exerted by a crawling or standing child (Vacarro et al.,
1996).

Although there are limited data bridging the percent transferable residues (Lewis
et al, 1995) that are collected by some of the available dislodgeable/transferable
methods, there is sufficient evidence, in the published literature and in guideline
studies submitted to the Agency, that suggest the current standard value of 20
percent dislodgeability is an overestimate, regardless of method used. For
example, Nishioka et al., (1996) reported transferable residues representing 0.1
to 0.2 percent of the turfgrass application rates for 2,4-D and Dicamba
respectively, using the PUF Roller. Nishioka et al., (1997) also reported percent
transfer of turf application rates using the PUF Roller as follows: Dicamba
(0.18%), 2,4-D (0.27%), Dicamba Isomer (0.1%), Chlorpyrifos Granular
(0.005%), Chlorpyrifos Spray (0.008%) and Chlorthalonil (0.21%). Other
published literature data considered in this document include studies conducted
by Cowell et al. (1993) and Hurto and Prinster (1993). In addition, transferable
data collected by the California Department of Pesticide Regulation (Cal-DPR),
Goh et al. (1986) were also considered.

Proprietary data submitted to the Agency were also evaluated. The
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combined data suggest that less than 0.1 to 4 % of the application rate is
transferable for sprayable formulations such as flowable concentrates and
emulsifiable concentrates. For granular formulations, available data suggest
0.2 to 0.6% of the application rates are transferable. One notable exception is a
transferable value of 9% identified in the literature (Solomon et al., 1993). In
that study the shoe wipe method was used with concurrent biological monitoring
rather than passive dosimetry for the herbicide 2,4-D. This study is discussed in
Chapter 2, Issue 2. It has been observed that this method which is believed to
be vigorous wiping, may not be representative of actual human contact with
treated turf (Nishioka et al., 1996). The transfer coefficient in that study based
on a one hour exposure duration after sprays have dried was ~4600 cm?hour.
This illustrates the importance of matching transfer factors with the appropriate
percent transferable assumptions.

Table 1 presents the difference between the percent
dislodgeable/transferable residues as currently estimated in the Residential
SOP’s and the percent dislodgeable/transferable residues from empirical
measurements as discussed above. For example, total deposition of one pound
of active ingredient applied on an acre basis is equal to 11.209 micrograms per
square centimeter (ug/cm?). In the current Residential SOP, EPA assumes 2.24
uglcm? (20%) is dislodgeable/transferable portion of each pound of the active
ingredient applied on an acre basis.
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Table 1. A Comparison of Transferable Residues Estimated by the Residential SOP’s and
Transferable Residues Collected from Empirical Studies After Sprays Have Dried and Dusts
Have Settled on Turf:

Chemical

Transferable Residue
(ug/cm?) as Estimated

Transferable Residue
(ug/cm?) from Empirical

(4 Ib ai/acre)

ai = active ingredient by Residential SOP Measurements_ Method Comments
(% transferable in
. . (20% transferable)
ae = acid equivalent parentheses)
Chlorpyrifos - spray 2.24 0.03 (0.27%) Foliar wash Hurto and Prinster, 1993
(1 1b ai/acre)
Chiorpyrifos - granular 4.48 0.139 (0.6%) Drag sled MRID 441671-01
(2 1b ai/acre)
Chlorpyrifos - spray 9 0.03 (0.06%) Drag sled MRID 430135-01
(2 1b ai/acre)
o ) 0.13 dry (0.3%)
Dlazlnlct))nai /g{:";‘g)“'ar 9 Foliar wash MRID 420633-01
0.27 Watered-in (0.63%)
DDVP - spray 4.48 0.1 (0.45%) Foliar Wash Goh et al., 1986
(2 1b ai/acre)
0.006 - 0.11 dry (0.013 -
0.24%)
Fon(zflzsai /g:fr‘g“ar 9 Foliar Wash MRID 420633-01
0.018 - 0.074 Watered-in
(0.039 - 0.16%)
Malathion - spray 12.2 0.57 (1%) Cloth roller MRID 439450-01
(5 Ib ai/acre)
Isofenfos - spray
(flowable) 4.48 0.91 (4%) Foliar wash Hurto and Prinster, 1993
(2 1b ai/acre)
Micro-encapsulated
Dithiopyr - Micro- . o formulations appear to be
encapsulated. 2.24 0.36 ( 3.19%) Foliar Was_h_(20/o more dislodgeable than
. acetonitrile) :
(1 1b ai/acre) granular formulations,
Cowell et al., 1993.
Amidochlor - spray (Plant
Growth Regulator (PGR) 9 0.22 (0.4%) Shoe Cowell et al., 1993
(4 1b ai/acre)
2,4-D 2-EHE - spray 3.81 0.025 (1.46%) Cloth roller 446557-01
(1.7 Ib ae/acre)
2.4-D DMA - spray o )
(1725 Ib aelacre) 3.87 0.033 (0.845%) Cloth roller 446557-01
MCPA 2-EHE
0, -
(1544 Ib aelacre) 3.46 0.015 (0.845%) Cloth roller 446557-01
MCPA DMA
0 -
(1547 Ib aelacre) 3.46 0.07 (0.4%) Cloth roller 44657-01
2,4-DP-p DMA 0 -
(0.596 Ib aelacre) 1.34 0.016 (1.2%) Cloth roller 44657-01
MCPP-p DMA 0 i
(0.599 Ib ae/acre) 1.34 0.13 (1.91%) Cloth roller 44657-01
2,4-DP-p 2-EHE 9 -
(0.612 Ib aelacre) 1.37 0.013 (0.186%) Cloth roller 44657-01
2,4-D DMA
! 0, -
(1585 Ib aelacre) 3.55 0.13 (0.73%) Cloth roller 44657-01
Amidochlor - spray 9 0.17 (0.37%) PUF roller Cowell et al., 1993
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As previously mentioned, one of the concerns of field investigators and
residential exposure assessors has been how to compare the various methods
used to collect the transferable residues. Rather than conduct bridging studies,
investigators have examined differences between some methods with respect to
reproducibility, sensitivity, and consistency. Some methods have been
evaluated in studies conducted by EPA’s Office of Research and Development
(ORD) and by the Outdoor Residential Exposure Task Force (ORETF). The
ORETF has selected the Cloth Roller for its membership and according to a draft
ORD report, ORD has also suggested that the Cloth Roller is the preferred
method for collecting transferable residues from turf. Both entities have modified
the original California Roller by modifying the template and including a handle
for ease of use.

The assertion that 20% dislodgeable/transferable residues on turf is an
overestimate was first suggested at the September 1997 SAP in which the
Residential SOPs were presented. The Cal-DPR, in formal comments to the
SAP, contended that transferable residues represented less than 5% of the
deposition rate when the cloth roller is used. Particularly since the cloth roller
was used to derive the transfer coefficient used in the SOPs to estimate post
application dermal exposure. Linking percent dislodgeable residue methods and
corresponding dermal exposure measurements is discussed in more detail in
Chapter 2, Issue 2. The Department’'s comments also apply to the Residential
SOPs use of 50% dislodgeable/transferable for indoor surfaces.

In the absence of chemical specific transferable residue data on turfgrass, the
Agency recommends dislodgeable values of 5 percent for use in post

application dermal exposure estimates in the Residential SOPs.

1.2 Transferable Residues - Indoor Surfaces

Characterizing transferable residues as a result of indoor applications of
pesticides or from pesticides tracked indoors from outdoor applications is
complicated by the complexity and the variety of indoor surfaces and materials.
Based on the application method, care must be taken to sample the right
locations. Broadcast applications to carpets, in most cases, are fairly
straightforward. However, for products such as total release aerosol foggers,
investigators should consider residue measurement locations such as furniture
surfaces as well as carpets and other flooring materials. Ross et al. (1991)
calculated the percentage of fogger contents landing on the floor for both
chlorpyrifos and allethrin to be approximately 69% and 55%, respectively. It was
noted that those figures were substantially lower than some hypothetical
estimates derived from Maddy et al. (1987), for estimating postapplication
exposure to propoxur containing foggers (100%). Transferability of pesticides is
also influenced by type of fabric and textures.
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Although it is hypothesized that residues do not dissipate indoors as

quickly as they do outdoors there appear to be several other factors influencing

dissipation:

1) Loss of solvent inerts (via evaporation/absorption/adsorption) which
maintain the pesticide in a transferable thin film solution;

2) Absorption of the pesticide into carpet fiber;

3) Chemical or electrostatic binding of the pesticide onto the carpet fiber
surface;

4) Degradation of the pesticide into non-detectable products;

5) Volatilization of the pesticide into the atmosphere;

6) Migration of the pesticide, either independently or attached to dust or

other particles, into areas not available for contact such as the carpet
backing or foam pad (Ross et al., 1991).

Other factors may influence the transferability of pesticides applied

indoors. These include the suspension of the pesticide in a thin liquid film soon
after the application, the dried residues, and when residues become dust bound.

There are methods available for investigators to collect indoor residues

other than those presented in the previous section:

|

Surface Wipe: One of the methods first used to assess residues
available for post application exposure for the indoor environment was the
surface wipe. The surface wipe method, as recognized by Health Canada
and OSHA, consists of the use of a moistened cloth in which the
investigator wipes across a surface in one direction, followed by
resampling the same location at a 90 degree direction to the first wipe.
The California Department of Pesticide Regulation enforcement personnel
also use this method.

Other methods used to collect indoor surface residue measurements include:

|

Hand Press and Hand Drag: These methods rely on the hands of human
volunteers as the collection media rather than cotton or other materials.
Individuals wash their hands with soap and water prior to the study. The
hand pressure to apply to the treated surface is determined by pressing
the palm (excluding fingers) on a pressure plate or scale to approximate a
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12 pound force (5.4 kg). This value is estimated to be that of a crawling
infant or walking toddler. The volunteer is instructed to press the palm
against a treated area or dragged across a treated area. Hand rinses are
taken to a laboratory for analysis. The surface area of the subjects hands
is determined so the results of analysis can be expressed as ng/cm?.

a HVS3 - Vacuum Surface Sampler: This method has been referred to as
a dislodgeable technique as it relies on the use of a vacuum cleaner to
dislodge quantities of dust from carpets. This modified vacuum directs
the dust particles through a cyclone into a catch bottle. The collected
dust is sieved to eliminate particles greater than 150 um. A total of forty
passes are made over a known area. The dust is analyzed for pesticide
residues and expressed either as concentration («.g/g, ppm) or as surface
loading (xg/m?®).

W Lioy-Weisel-Wainman Sampler: This device uses the movement of a
block across a template covering a known surface area (100 cm?). Filter
media are attached to the silicone rubber pad attached to the block which
moves across the template at a constant pressure. The filters are wetted
with methanol and hexane with excess solvent shaken off prior to
attachment. The filter is analyzed and residues are expressed as ug/cm?.

As with the turfgrass transferable residues, there are several methods to collect
transferable residue measurements on indoor surfaces. To our knowledge, all of the
methods described under turfgrass transferable residues (except the shoe wipe), have
been used by various investigators to collect residues on treated indoor surfaces such
as carpets and floors. The dislodgeable rinse typically used in agricultural reentry
studies was used in one EPA study,”Assessment of Time-Motion Video Analysis for the
Acquisition of Biomechanics Data in the Calculation of Exposure to Children” (EPA,
1998). In that study, presented in Table 2, carpet coupons were collected after an
application of chlorpyrifos was made to a carpet of the same material. Carpet coupons
were washed in a dislodging solution. This method resulted in approximately 50% of
the depostion rate to be transferable. This is the source of the 50% transferable value
in the current SOP’s. The dermal activity measured was an adult crawling on the
treated carpet. Note the lower transfer factor ~6000 cm2/hr was derived from having a
large transferable residue denominator of 6.24 ug/cm?. If the investigators selected a
transferable residue measurement that yieled 5% of the deposition rate, the transfer
coefficient, the transfer factor would be ~47,000 cm?/hr.
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Table 2. Dermal Transfer Coefficient from Crawling on a Chlorpyrifos-Treated

Nylon Carpet

E Level Average
Exposure xposure Leve Average Transfer- Transfer
Replicate Duration® Deposition able Coefficient®
(seconds) e Jhr® (xg/cm?) Residue (cm?hr)
H“girep 49 (uglcm?)
1 139.2 1,326 34,293 14.69 5.70 6,016
2 149.1 1,665 40,201 17.02 7.54 5,331
3 149.5 1,412 34,001 14.57 5.47 6,216
Average 145.9 1,467 36,165 15.42 6.24° 5,854

a - Exposure duration represents the total time the test subject was within the treated

area.

b - Exposure (u«g/hr) calculated based on the following equation:

E («g/hr) = (E (vg/rep)/duration (s/rep)) (60s/min) (60 min/hr)

¢ - Transfer Coefficient (cm?hr) = Exposure (ug/hr) + Transferable Residue («g/cm?)

d - Average transferable residue value of 6.24 ng/cm? represents 48.3 percent of the
total residue level anticipated based on the theoretical application rate (e.g., average
transferable residue level represents approximately 50 percent of the theoretical

application rate of 12.91 ng/cm?.

As previously mentioned the Cal-DPR, in formal comments to the
September 1997 SAP, contended that transferable residues represented less
than 5% of the deposition rate, when the cloth roller is used. Particularly since
the cloth roller was used to derive the transfer coefficient used in the SOPs to
estimate post application dermal exposure. Linking percent dislodgeable
residue methods and corresponding dermal exposure measurements is
discussed in more detail in Chapter 2, Issue 2.

Table 3 illustrates the difference between the dislodgeable measurements from carpets
with a cloth roller and the spray deposition measurements (total) collected with gauze
pads. The deposition measurements are expressed as MGD = mean gauze deposition
(Ross et al., 1991). The units in the table are expressed as ng/cm? (Percent
transferable = mean transferable residue + MGD 100):
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Table 3. Comparison between deposition measurements on gauze (MGD) and
transferable residue measurements from treated carpet expressed as ug/cm?
(percent transferable in parentheses):

Chlorpyrifos d-trans allethrin

zero hours post application

mean transferable 0.055 +0.035 (2.1%) 0.0064 +0.0042 (2.9%)

MGD 2.36 0.2175

six hours post application

mean transferable 0.030 +0.019 (1.4%) 0.0060 +0.0032 (2.5%)

MGD 2.11 0.2350

twelve and a half hours post application

mean transferable 0.023 +0.017 (1.1%) 0.0044 +0.0029 (1.8%)

MGD 2.019 0.2450 (includes MDL)

Currently the SOP’s for indoor surfaces assume, in absence of data
measuring transferable residues, that 50% of the application rate to carpets and
floors is transferable. This value came from the study presented in Table 2. A
review of published transferable residue measurements reported by authors
such as Fenske et al., (1990), Vacarro (1990), Ross et al., (1990) suggest
transferable/dislodgeable residues for carpets represent 0.13 to 5 % of the
deposition rate. These values are similar to the levels of percent
transferable/dislodgeable residues measured by the cloth roller used to develop
the transfer coefficient derived from Jazzercise™.

Many indoor pesticide applications are made to directly to carpets. The majority
of transferable residue data are based on transferable residue measurements
taken as soon as the sprays have dried. Higher transferable residue
measurements were noted in Fenske (1990), showing 5 - 11% transferability one
half hour after a broadcast application. However, it was noted by Vacarro (1992)
that the surfaces may not have dried completly prior to taking the samples.
Applications to surfaces such as vinyl tile also show higher percentages of
transferability than carpets when using similar methods. This is most notable in
Camann et al., (1995) showing transferable residue rates from vinyl of ~10 to
25%. This is important when addressing total release foggers that will treat all
indoor surfaces rather than when addressing target specific (carpet) sprays.

The influence of wet or sticky hands may also influence exposure to
children when crawling on a treated surface. Camann et al., 1995 and Lu and
Fenske (1999) partially address this issue by using moistening materials such as
PUF prior to sampling. Camann et al., (1995) observed that transferability
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residue measurements using moistened materials such as denim and PUF were
highly variable although all transferable values using moistened media were
below 5% (0.6 to 2.1%). Pre moistened PUF and surface wipes were also made
by Lu and Fenske (1999) also showing less than 5% transferability (1 - 3.1%).
Lu and Fenske suggest that the hand is a much poorer collector of residues than
when using the methods PUF or surface wipes. Hand press values were less
than 0.3% transferable from carpets and 0.7% transferable from desk tops. In
Camann et al., (1995), single hand presses were lower (4-5%) than PUF or Drag
Sled (~10 - 25% respectively) when measuring transferable residues from vinyl
surfaces.
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Table 4. Percent Transferable Residues for Indoor Surfaces
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Deposition Transferable percent
Chemical P 2 2 Transferable Method Comments
(ng/cm?) (ng/cm?)
14 0.69-1.6 49-11.4% Wipe Fenske et al., 1990
Chlorpyrifos 5-15 0.02 - 0.05 0.13-1% Drag sled Vacarro, 1990
2.3 0.02 - 0.06 1.1-2.9% Cloth roller Ross et al., 1990
0.67 4.9% Cloth roller c t al. 1995
: amann et al,
Chlorpyrifos - plush 135 018 1.35% Drag sled
carpet
0.12 0.9% PUF roller
0.3 2.7% Cloth roller
Chlorpyrifos - level- 10.6 0.18 1.7% Drag sled
loop carpet
0.16 1.5% PUF roller
0.08 0.4% -dry Drag sled
Chlorpyrifos - plush 19.8 0.05 0.26% - dl’y PUF roller
carpet 0.13 0.66% - moistened| Drag sled
19.8 0.42 2.1% - moistened PUF roller
Chlorpyrifos - plush 5.8 0.006 0.1% Drag sled
carpet ' 0.002 0.03% PUF roller
Piperonal Butoxide - - 0.007 0.12% Drag sled
plush carpet ' 0.002 0.04% PUF roller
. 0.001 0.19% Drag sled
Pyrethrin | - plush 056
carpet 0.0002 0.4% PUF roller
0.0025 3% Drag sled
Methoprene - plush 0.08 0.0008 1% PUF roller
carpet
0.0003 0.4% Hand press
0.13 3.2% Drag sled
Piperonal Butoxide - 4 0.056 1.4% PUF roller
plush carpet
0.017 0.43% Hand press
1.9 23.5% Drag sled
Chiorpyrifos - sheet 8 0.78 9.7% PUF roller
vinyl
0.26 3.1% Hand press




Percent

Chemical D(eupgc;ilr;[:zo)n Tr?:;;frrn%;)le Transferable Method Comments
1.67 21.9% Drag sled
P'persoh”eae't%‘i‘;?/f'de ) 7.6 0.63 8.3% PUF roller
0.3 4% Hand press
0.19 15.9% Drag sled
Pyrethrin | - sheet vinyl 1.2 0.12 9.6% PUF roller
0.04 3.2% Hand press
0.34 (SQ min after 2 806 Wipe
application)
0.12 (3..5 hrs after 1% Wipe
application)
Chlorpy:fcr): - carpet, 12.3 0.18 (average for
pray 30 min and 3.5 hrs 1.5% PUF roller
after application)
0.006 0.05% Hand press
0.005 0.04% Hand drag
0.07 2 65% Wipe Lu and Fenske, 1999
0.06 2.15% Wipe
foe 2.64
ChIorp;;gIgzO|carpet, 0.08 3% PUF roller
0.003 0.13% Hand press
2.64 0.001 0.05% Hand drag
Chlorpyrifos - carpet 1.97 0.005 0.26% Hand press
Chlorpyrifos - furniture 179 0.056 3.1% Wipe
(desk tops) ' 0.012 0.7% Hand press
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The transferable residue measurements shown in Table 4 demonstrate
the complexity of estimating exposure to pesticides applied indoors. There are
differences in transferable residue measurements among residue measurement
methods, when using dry and moistened sampling media, when the surface is
smooth or textured and whether the surface sampled was still wet from the
application. Lu and Fenske (1999) assert “ the central finding of these data is
that the current methods of measuring transferable residues on carpets and
furniture surfaces after commercial pesticide applications substantially
overestimated the amount of residue removed by skin contact.” Similar
differences between percent transferable residues of hand presses and those of
the PUF and drag sled methods is apparent in the data collected by Camann et
al. (1995).

Given the potential differences in transferability based on surface type (carpet
0.1- 4.9%, compared to smooth surfaces 3.3 - 23.5% ), the use of a 5%
transferability value is recommended by the Agency to be used in the absence
of chemical specific data.

This conclusion is based on:

|

removal of residues by the hands from surfaces such as vinyl range
from 0.04 to 4%,;

the decision to use transfer coefficients from transferable residue data
generated by the same sampling methods (see Section 3, Issue 2).

However, OPP would like the SAP to consider whether/how to incorporate
such results when developing a transferable percentage assumption designed
to be inclusive of all surfaces.
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1.3 Residues from Applications to Pets

Postapplication exposure to pesticide residues that may be transferred from the
fur of pets is difficult to model due to the limited data addressing this exposure
pathway. In addition, continued contact with the treated pet is less likely than continued
contact with a treated surface such as when playing on indoor carpeting. For dermal
exposure, the SOPs direct the assessor to assume that 20% of the application rate is
retained on the pet as dislodgeable residue and that 10% of the residues are
transferred to an individual. For non-dietary ingestion, there is an assumed one-to-one
relationship between the transferable residue on the surface of the pet and on the
surface area of the skin (both hands) after contact with the pet. For example, a 30
pound dog has approximately 6000 cm?. If 30 mg of a pesticide was applied to this 30
pound dog, the SOP directs the assessor to calculate the transferable residue as
follows:

Transferable Reside (ug/cm?) = 30mg 20% + 6000 cm?
Transferable Residue = 0.001 mg/cm?
Or 1 pglecm?
The transferable value is then used in the hand-to-mouth scenario as follows:
0.001 mg/cm? 350 cm? (surface area of child’s hands) 1.56 events* per/hr
* This value is being revised.

For the proposed SOP revisions, the Agency has considered two very different
studies measuring transferable residues from the fur of dogs. In each study, dogs were
treated with dipping solutions of pesticides. In both studies, the investigators would pet
the treated animal in a specified area with cotton gloves. In one study submitted to
Health Canada, the animals flanks were stroked. The area was defined by multiplying
the length of the animal’s flank by the length of the investigators hand. Ten animals
were used (beagles and hounds). In a study conducted by Boone et al. (1999) the
upper back, behind the neck was the defined area (4" x 10" - approximately 258 cm?).
In the study submitted to Health Canada, the animals were stroked firmly with cotton
gloves. In the study conducted by Boone, over 40 dogs of varying sizes and coat
lengths were vigorously rubbed in the marked area for a period of 5 minutes by
individuals wearing cotton gloves. The Boone data shown in Table 5 were presented at
the March 31 and April 1, 1998 “Proceedings for the Science to Achieve Results”
(STAR) program workshop on Children’s Exposure to Pesticides and as a poster at the
1999 Society of Toxicology meeting in New Orleans, LA on March 14-18, Boone et al.
(1999).
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The average and range concentrations were calculated by dividing the known
surface area stroked, by the amount of pesticide extracted from the gloves. The
animals were treated four times with two to three weeks between treatments. The
glove values represent measurements following the fourth dip.

Table 5. Transferable Residues from Dog Fur

Time af;iepr fourth ug r?\?niLgZE/S Range (xg) A(\L/S;?r%%- Range - (ug/cm?)
Chlorpyrifos, no shampooing between treatments

4 hours 1,229 +158 157 - 6,999 4.8 0.6-27.1

7 days 332+ 68 4-2584 1.3 0.015-10

14 days 215+ 61 1-2,472 0.8 0.004 - 10

21 days 139 + 43 1-1,469 0.5 0.004 - 5.7
Chlorpyrifos, shampooing between treatments

4 hours 662 + 81 17 -2,674 2.6 0.07-10.4

7 days 83+ 16 9-479 0.3 0.04-1.9

14 days 30+ 6 1-190 0.12 0.004 - 0.7

21 days 19+4 1-139 0.07 0.004 - 0.5
Phosmet, no shampooing between treatments

4 hours 2,841 + 339 79 -11,620 11 0.3-45

1 day 1,103 + 157 57 - 6,066 4.3 0.2-235

3 days 602 + 110 1-3,405 2.3 0.004 - 13.2

7 days 164 + 29 1-895 0.6 0.004 - 3.5

14 days 48 + 13 0.3 - 386 0.2 0.001-1.5
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In the poster session, the authors suggest a postapplication exposure
model consisting of a child playing with a dog for 5 minutes touching an area of
80 in? area (twice the surface area sampled in the study). For an example of this
exposure estimate a chlorpyrifos residue of 4.8 ug/cm? was selected from Table
5.

A transferable residue value of 4.8 ng/cm? chlorpyrifos results in a potential dermal
exposure of approximately 2.5 mg/day

where 80 in? or 516 cm? 4.8 ug/cm? = 2,477 ug/day or 2.5 mg/day.

The authors cautioned that the act of a child petting a dog may not be
similar to the vigorous rubbing method that investigators were trained to do.
They also speculated the child may not play with the dog for the first day. They
suggest that the five minute data is an appropriate surrogate for a much longer
duration. This is due to the sample technique of continuous petting with firm
pressure.

In the study that was submitted to Health Canada to support a registration
of a pet dip product, transferable fur residue measurements were taken from
dogs treated with a microencapsulated formulation of chlorpyrifos. In the study,
dogs were shampooed, then dipped. Residue measurements were taken 2, 4,
12 and 14 hours after dipping. The submission was subsequently withdrawn.

A mass balance approach was used to determine the amount of active
ingredient applied to each dog. The amount of chlorpyrifos on each dog was
first calculated by measuring the concentration of the dip [2 fl.oz product
(2.5%)/gallon or 59 mL/3785 mL] which was 385 ng/mL. Then, the amount
retained on the dog was calculated by measuring the remaining dip emulsion
collected in the tub where dipping was performed. Finally, the dip was applied
to the measured areas of the dog and thus, a deposition was estimated. The
proprietary data suggest transferable residues in the 0.8 to 5% range with an
average of 2.8%.

Boone et al, 1999, did not estimate deposition. For comparison purposes
OPP made estimates based on the percent active ingredients used in the
proprietary study and those used by Boone. In Table 5 presented above, the
animals were treated with a similar chlorpyrifos application rate (2 fluid ounces
3.8% chlorpyrifos per gallon) as the proprietary study. Phosmet was applied at
one fluid ounce of 11.6% active ingredient per gallon. Estimates of the
chlorpyrifos and phosmet concentrations in the study presented in Table 5 are
approximately 600 w«g/mL and 900 ng/mL respectively.
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The SOPs rely on an algorithm available in the Wildlife Exposure Factors
Handbook (12.3 body wt’®® (grams)) to estimate an animals surface area.
Accordingly, a German shepherd from Boone et al., (1999) weighing 35 kg would
have a surface area of 11,055 cm?. In the proprietary study, 72.3 mL was used
to treat a surface area of 1426 cm?® Therefore, 560 mL will treat a surface area
of 11,055 cm?. At an estimated concentration rate of 600 ng/mL, the application
rate is 3.36 x 10° ng. This amount divided by the surface area of 11,055 cm?
yields a deposition rate of 30 ng/cm?. Based on this estimated deposition, an
average transferable residue value of 4.8 ng/cm? (presented in Table 5), is 16%
transferable. This is considerably higher than the study that was submitted to
Health Canada. This suggests the Agency should continue assuming 20% of
the residues applied to the dog are transferable.

There are several limitations to comparing the transferable residue results
from the two studies discussed above.

1) The difference between the vigorous rubbing technique used by Boone et
al. (1999) and the stroking method used in the proprietary study submitted
to Health Canada.

2) In the Boone study the area wiped was the withers (topline behind the
neck between the shoulder blades). This was the area receiving most of
the dip applied to the dog.

3) There was also a greater variety of dogs (size and fur length) in Boone et
al. (1999) than the study submitted to Health Canada (hounds and
beagles).

4) Different formulations were used. In Boone et al., liquids were used. In
the proprietary study a microencapsulated formulation was used.

5) The number of applications. The dogs in the Boone study, were treated
four times and were the pets of volunteers participating in the study. The
animals in the study submitted to Health Canada were treated once.

Modeling exposure to residues on pets is difficult given the potential
variability of the types of animals treated (coat length). In addition several
issues need to be considered:

a The use of gloves as surrogates for skin. Cotton gloves tend to

overestimate exposure (Fenske et al., 1998,; Smith et al., 1991; Brouwer
et al., 1998);
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4 The intermittent relationship of the petting event. The potential loss of
residues when a person touches other surfaces such as clothing, soil or
other fabrics after petting the animal. (Reed et al., 1999, Zartarian et al.,
1997, 1998; Freeman et al. NHEXAS un published).

Since understanding the amount of residues on a child’s hands has a
direct influence on the amount of residues available for non-dietary ingestion,
the following issues need to be considered:

a The amount of residue on the skin that can be removed by saliva. This
may be influenced by the number of touches and residence time on the
skin.

W The portion of the hand that is inserted into the mouth (Kissel et al., 1998,
SAP Aggregate Report, April, 1999);

a The portion of the hand that contacts the animal [although this may not be
as critical with softer surfaces such as pet fur (Brouwer et al., 1998;
Kissel et al., 1998; SAP Aggregate Report, April 1998].

Finally, it is not clear how these data compare to new generation products
applied as spot treatments to the dog’s skin which distribute the pesticide
throughout the body via the oils secreted by the sebaceous glands.

The current SOP attempts to address exposure to pet fur residues in two
ways. One is to estimate the amount of pesticide applied to the dog (based on
weight of the animal). Then we assume 20% of the pesticide applied to the fur
is available on the pet, and that 10 percent of those residues are transferred to
the human. An exposure assessment for contact with German shepherd
discussed above when using the SOPs is:

336 mg applied to the animal 20% 10% = 6.72 mg/day

The SOP addressing non-dietary ingestion from hand-to-mouth exposure
relies on a similar algorithm. The hand-to-mouth algorithm replaces the 10%
transfer with the division of an animals surface area. This provides a value
expressed as ug/cm?. The dislodgeable residues from our German shepherd
example are estimated as follows:

336 mg applied to the animal 20% <+ 11,055 = 0.006 mg/cm? or 6 ng/cm?.

This value is similar to the average chlorpyrifos value measured four
hours after dipping as presented in Table 5. The SOPs use this transferable
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residue value and assumes a one to one transfer to the skin of surface area
representing both hands. This assumption suggests equilibrium is established
between the transferable residues on the pet and the residues on the hand after
contact. The concept of equilibrium is discussed in Issue 2, and may have utility
in constructing scenarios such as a child hugging a dog or a child sleeping with
a dog. This is possible by assuming, direct transfer of transferable residue
estimates to human surface area values. Incorporation of clothing penetration
rates may also be possible.

For example:

The Exposure Factors Handbook suggests that a clothing scenario of
short pants, short-sleeved shirt and shoes leaves 25% of the skin exposed and
that a two to 3 year old child has a surface area of ~6,000 cm?. The area
exposed is ~1,500 cm? and the area clothed is ~4,500 cm?.

These areas can be reduced by half, based on the assumption that 50% of the
surface is in contact (front half) with the fur during the hug. For this example, a
clothing penetration of 50% is assumed.

750 cm? 6 ug/cm? = 4,500 ug

2250 cm? 6 uglcm?® 50% = 7,500 ug

The sum of those exposures is 12 mg/day.

The Agency believes more research is needed in this area. However, the
Agency believes that contined use of 20% transferability of deposited

residues is protective. This is based on: 1) 20% transferablity over predicts
residues when measured using cotton gloves combined with the sampling
method of stroking an animal’s flank and 2) 20% transferability approaches

the mean values measured using cotton gloves combined with vigorous

rubbing. In addition, the Agency wishes to explore potential scenarios such
as the hug and looks forward to suggestions regarding this approach from

the Panel.
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2 Issue 2: Use of Choreographed Activities as Surrogates for Estimating
Children’s Dermal Exposure

As noted earlier, the two primary factors in determining human exposure to
pesticides in residential and similar settings are: 1) the amount of pesticide residue
available for human uptake, and 2) the types and durations of human activities that
result in contact with and uptake of such pesticide residues. Chapter 1 discussed a
variety of aspects of the issues relating to the estimation of the level of residue
available for uptake. This chapter addresses OPP’s approach to the characterization
and measurement of human activities that would result in dermal exposure to residues
on pesticide-treated surfaces, both outdoors (e.g., turf) and indoors (e.g., carpet). It
particularly focuses on whether OPP’s current models and assumptions are
appropriately conservative for estimating the dermal exposure of children.

All of the current algorithms for estimating dermal exposure in residential and
similar settings use a “transfer coefficient” to characterize quantitatively the impact that
human activities have on exposure. Obviously, there are many different types of
activity that potentially involve contact with pesticide-treated surfaces and subsequent
uptake of residues by humans. Moreover, these activities differ in ways which could
significantly affect exposure, e.g., in the frequency of specific behaviors that involve
contact with pesticide treated surfaces. For example, contrast cutting the lawn with
sitting in the yard while reading a book. Mowing the grass would involve far more
movement than sitting, and it would probably lead to contact with a greater percentage
of the lawn area than sitting still. Accordingly, lawn mowing would have a higher
transfer coefficient than sitting.

Because there are so many different types of activities involving potential dermal
exposure to pesticides in residential and similar settings and because its Residential
SOPs are designed as screening devices, OPP has chosen to focus on and derive
transfer coefficients for those activities which are likely to result in relatively higher
levels of exposure. OPP recognizes that young children are the population subgroup
having activity patterns — e.g. crawling, rolling on the floor or grass — that are most
likely to produce the highest frequency and extent of contact with pesticide treated
surfaces.

With the above considerations in mind, OPP has decided to employ in the SOPs
a “transfer coefficient” based on a study using a defined activity pattern that, it believes,
reflects children’s potential exposures. The activity is a scripted program of low-impact
aerobics (Jazzercise) performed by adults in a room with pesticide-treated carpeting.
(For both ethical and practical reasons, researchers and regulators are reluctant to use
children in studies to establish transfer coefficients.) The physical movements are
intended to simulate the behavior of young children and involve extensive contact of all
parts of the body (feet, legs, front torso, back, hands, arms, and shoulders) with the
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carpeted surface. Section 2.1.3. describes the methodology and the results of the
studies on which OPP bases the “Jazzercise transfer coefficient” for dermal exposure in
its current Residential SOPs.

Although OPP believes that its “Jazzercise transfer coefficient” is appropriately
conservative for children, many commenters (including the SAP) have questioned that
conclusion. The comments point out that children are not little adults and adults cannot
mimic the activities of children. In addition, commenters have suggested that dermal
absorption rates for children may be higher than for adults, and as a consequence the
same external deposition rate (mg/kg b-wt) would produce a higher internal dose for
children than for adults. They note that OPP does not have data to evaluate the
potential for differential skin permeability.

OPP has attempted to evaluate these concerns about the “Jazzercise transfer
coefficient” using a variety of data. First, OPP has compared the estimates of exposure
generated by its current Residential SOPs to measurements of exposure in adults
derived from biomonitoring. These comparisons show that the Residential SOPs
consistently produce a higher estimate of exposure than the exposure calculated
through biomonitoring. OPP has also examined data collected in studies of adults and
children from the general population, from farming areas, and from families living in
homes that were illegally treated with the organophosphate insecticide, methyl
parathion. While these data are limited, they also indicate that actual exposures are
lower than the values estimated by OPP’s residential SOPs. Importantly, the data also
provide insight on the relative magnitude of exposure of adults and children. These
values will prove to be useful when estimating intermediate-term (7 days to several
months) and chronic aggregate exposures.

Second, OPP has examined available scientific literature on the relative
absorption of pesticides through skin of adults and the young. The literature do not
appear to support the conclusion that there is a significant age-related difference in
dermal permeability. See sec. 2.1.5. OPP also notes that in some cases when data
are not available, OPP assumes that 100% of the amount of the pesticide that actually
reaches the skin is absorbed. Thus, even if there were a difference in skin
permeability, it would not be relevant when the SOPs’ default assumption about dermal
absorption is used.

In conclusion, based on this analysis (presented more fully below), OPP
concludes that its current Residential SOPs using the “Jazzercise transfer coefficient”
are not likely to underestimate dermal exposure to either adults or children who come
in contact with pesticide-treated surfaces in residential and similar settings.

Due to ethical and logistical concerns, there is a reluctance in the regulated
community and by other researchers to use children in post application exposure

41



monitoring studies. As a result, most post application exposure estimates are derived
from models using a combination of environmental measurements and assumptions
(Gurunathan et al., 1998, Berteau, 1989) or are based on studies utilizing adults
performing choreographed activities (Ross et al., 1990). These choreographed
activities include adults performing child-like activities such as crawling (Vacarro 1996),
or the use of a low-impact aerobic routine (Jazzercise™). Dermal exposure, measured
while adults are Jazzercising, is the basis for the transfer coefficient used in the
residential SOPs to estimate post application exposure following treatments to lawns
and indoor surfaces.

To date, children have not been used in studies where there is purposeful
exposure to recently applied pesticides, as is done for adults. Children are being
monitored in real world situations where pesticides may have been used (NHEXAS and
Esteban et al., 1995). These studies, while not necessarily addressing acute exposure,
can provide information regarding the magnitude of our estimates and clues regarding
intermediate and chronic aggregate exposures.

2.1  Estimating Dermal Exposures
2.1.1 Transfer Coefficients

Transfer factors/coefficients were first used 