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ABSTRACT

The Food Quality Protection Act of 1996 (FQPA) (Pub. L. 104-170)
was signed into |aw August 3, 1996. FQPA anends both the FFDCA, 21
U S C 301 et seq., and the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA), 7 U.S.C. 136 et seq. Anong other things,
FQPA amends FFDCA to bring all EPA pesticide tol erance-setting
activities under section 408 with a new safety standard and new
procedures. New Section 408(b)(2)(A (i) of the FFDCA allows EPA to
establish or leave in effect a tolerance (the legal limt for a
pesticide chem cal residue in or on a food) only if EPA determ nes
that the tolerance is "safe."” Section 408(b)(2)(A)(ii) defines
"safe" to nean that "there is a reasonable certainty that no harm
will result from aggregate exposure to the pesticide chem ca
residue, including all anticipated dietary exposures and all other
exposures for which there is reliable information.” This includes
exposure through drinking water and in residential settings, but does
not include occupational exposure. Section 408(b)(2)(C requires EPA
to give special consideration to exposure of infants and children to
the pesticide chem cal residue in establishing a tolerance and to
"ensure that there is a reasonable certainty that no harmw || result
to infants and children from aggregate exposure to the pesticide
chem cal residue....” Additionally, FQPA requires nore enphasis on
regi onal pesticide analysis than previously required.

I n exam ni ng aggregate exposure, FFDCA section 408 requires that
EPA take into account available and reliable information concerning
exposure fromthe pesticide residue in the food in question (the
comodity for which a tolerance is being sought), residues in other
foods for which there are tol erances, residues in groundwater or
surface water that is consuned as drinking water, and ot her non-
di etary, non-occupational exposures (residential and other
i ndoor/ out door uses).

EPA' s Ofice of Pesticide Prograns has devel oped the concept of
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"anticipated residues” to refine dietary (food) exposure estinates to
the consunmer resulting frompesticide residues in foods. This
docunent describes the OPP' s approach to devel opnent of chronic
anticipated residues. Exposure through residues potentially present
in drinking water and exposure resulting fromnon-dietary, non-
occupational scenarios will not be addressed in this docunent.
Throughout this docunent, reference the termdietary exposure refers
only to exposures resulting frompesticide residues in or on food -
not including drinking water. OPP' s policy for generating acute
dietary anticipated residues have previously been presented to the
SAP.

Di etary exposure to residues of a pesticide in a food commodity
is estimated by nultiplying the average daily consunption of the food
forms of that coomodity by the tolerance |evel or the anticipated
pesticide residue. The Theoretical Maxi mum Resi due Contri bution
(TMRC) is an estimate of the | evel of residues consuned daily if each
food item contai ned pesticide residues equal to the tolerance. The
TMRC is a "worst case" estimate since it is based on the assunptions
that food contains pesticide residues at the tol erance | evel and that
100 percent of the crop is treated by pesticides that have
established tolerances. |If the TMRC exceeds the reference dose (RfD)
or poses a lifetinme cancer risk that is greater than approximately
one in amllion, EPA attenpts to derive a nore accurate exposure
estimate for the pesticide by evaluating additional types of
i nformati on which show, generally, that pesticide residues in nost
foods when they are eaten are well bel ow established tol erances.

In determ ning anticipated residues, data from many sources are
exam ned at successive stages in the risk assessnment process until a
concl usi ve statenent may be made concerning the potential dietary
risk of the pesticide. If the TMRC estimates indicate that the
pesticide use may exceed certain threshold | evels of concern, then
residue field trial data, percent crop treated data, processing

Vi i
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studi es, degradation studies, nonitoring studies, and other types of
data which would help provide a nore accurate estimte of exposure
are used to determne anticipated residues. Reliable data which are
avai l abl e are used prior to requiring subm ssion of additional data
by the registrant. The goal of determ ning the best estinmate of
residues "at the plate" requires weighing the useful ness of the
avai |l abl e data sets. Because various types of data are avail abl e,
and because these data may vary in quality, considerable scientific
judgenent is required in the assessnent of dietary exposure.

Section 408(b)(2)(E) of FQPA requires that if anticipated
residues are relied upon in establishing, nodifying, or leaving in
effect a tolerance, data will be required five years after the date
on which the tolerance was established, nodified, or left in effect,
and thereafter at appropriate intervals, denonstrating that such
resi dues are not above the levels so relied on.

Section 408(b)(2)(F) of FQPA states that percent crop treated
data may be used is assessing chronic dietary risk only if the data
are reliable, the exposure estimate does not understate exposure for
any significant subpopul ation group, and if data are avail able on
pesticide use and consunption of food in a particular area, the
popul ation in such area is not dietarily exposed to residues above
those estimated. This Section also provides for periodic
reeval uation of the estinmate of anticipated dietary exposure.
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| . Purpose

Over the past ten years, the EPA's Ofice of Pesticide Prograns
has shifted its enphasis in dietary risk assessnent towards
generating estimates that reflect actual pesticide residue exposure
to the U.S. population, and away fromreliance on "theoretical upper
bound” exposure estimtes. To acconplish this, the concept of
antici pated resi dues has been devel oped. Anticipated residues are
estimates of the residues in foods nearer to the tinme of consunption,
and nore realistically reflect consunption of pesticide residues in
foods than do tol erance |evels.

FQPA requires that the data used in estimating anticipated
resi dues be scientifically sound. The goal is to achieve the best
possi bl e estimate of dietary exposure to the pesticide residue.
However, we realize that strict adherence to rigorous statistical
criteria such as those described in the Appendices to this Policy may
be extrenely costly of tinme and of resources. The Agency wl|
exercise its judgnent in balancing the need for such statistical
rigor wth the costs of obtaining adequate data, and with potenti al
hazards from consunption of pesticide residues, when assessing
antici pated residues.

The purposes of this Policy are (1) to discuss the approaches
currently used in dietary exposure assessnent and determ nation of
anticipated residues, (2) to discuss the limtations in these
approaches and the direction the Agency is taking to overcone these
[imtations, and (3) to provide guidance for generating residue data
whi ch are adequate to determ ne antici pated residues.

Many issues regarding antici pated residues and di etary exposure
assessnment require further discussion and may result in a series of
i ssue papers. These issues include, anong others, the foll ow ng:

(1) statistical design and eval uation of residue surveys at
various levels in the chain of comerce (discussed in
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

1. Pest i

Appendi x 3);
statistical design and eval uation of residue

degradati on/ reduction studies (discussed in Appendi x 5);

a nore detailed discussion of criteria for use of FDA, PDP
and other existing nonitoring data for dietary exposure
assessnent (discussed in Appendix 4);

criteria for use of existing field trial data, percent crop
treated data, feeding studies, and processing studies in

di etary exposure assessnent (discussed in Appendix 4);

use of data on pesticide usage and distribution;

the strengths and weaknesses of the D etary Ri sk Eval uation
System (DRES), how DRES can be used to evaluate risks to
nmore highly exposed popul ati on subgroups, and variations in
ri sk due to geographic variability of residues or food
consunpti on;

residue estimates (e.g. average vs. 95th percentile) to use
I n exposure assessnent considering the toxic effect and the
type and quality of the avail abl e resi due dat a;

met hods to estimate upper bound food consunption for
chronic risk assessnent;

met hods for obtaining a consistent set of residue data
across chem cal s;

appropriate expression and comruni cation of risks to the
"average" consumer versus risk to nost highly exposed

i ndi vi dual s.

ci de Regi stration and Tol erances

Pestici de Registration

Pestici de products nmust be registered by the Environnental

Prot ection Agency before they nay be sold or distributed in the



United States. The authority of EPA to require pesticide
registration is described in the Federal |nsecticide, Fungicide, and
Rodenti ci de Act, as Anended (FIFRA, 1988; Food Quality Protection Act
(FQPA, 1996)). Data requirenments for pesticide registration are
provided in 40 CFR Part 158, and Gui del i nes have been devel oped for
the data required. Required data include toxicity, product

chem stry, and residue chem stry data, as well as other information
(see 40 CFR 158.108 for a list of available Policies and ordering
information). |In addition to the required data, 40 CFR 158. 690(b)
contains a conditional requirenent for "reduction of residue" data.

Reduction of residue data are required when unreasonable risks are
estimated assumng all foods contain pesticide residues at the

tol erance levels. Reduction of residue data include any data which
woul d allow a nore realistic determ nation of pesticide residues as
consuned (i.e. anticipated residues) than would assunpti on of

tol erance | evel residues.

B. Tol er ances
A tolerance is the legal limt for a pesticide chem ca

residue in or on a food. Tolerances are based on the maxi mum
pesticide residue likely to occur in an agricultural comobdity as a
result of registered pesticide uses. |If residues exceed the
tol erance, or if no tol erance has been established, the coomodity is
considered to be adulterated and is subject to seizure by FDA, USDA
or State regulatory authorities. A tolerance is required before a
pesticide may be registered for use on a food or feed crop.
Tol erances are established by EPA under the authority of the Federal
Food, Drug, and Cosnetic Act (FFDCA), and are used by the Food and
Drug Adm nistration (FDA) to regul ate the novenent of agricultura
comodities in interstate commerce. Section 408 of the FFDCA applies
to raw agricultural commodities (racs) and to processed commoditi es.
The residue data submtted under FIFRA and described in 40 CFR 158
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are used to determ ne tol erances.

Tol erances are normal ly established as a result of a tol erance
petition which contains all of the data needed to establish the
tol erance (see Section V). These data are usually generated by
petitioners (usually major chem cal conpanies) who wish to market the
pesticide product. For mnor uses, including small scale,

i nfrequently needed, or specialty pesticide uses for which there is

i nsufficient economc incentive for tinely devel opnent of data by
chem cal conpanies, the U S. Departnent of Agriculture (USDA) submts
petitions to EPA under the Interregional Project #4 (I R-4) program

Tol erances are required for raw and processed agricul tural
commodities, animal feeds, and ani mal products (neat, mlk, poultry,
eggs, and fish) in which pesticide residues could be found as a
result of registered pesticide uses. Tolerances are necessary for
processed comodities only if the residue concentrates significantly
in the processed commodity or if the pesticide is applied directly to
a processed commodity such as can occur during the fum gation of a
food storage warehouse; otherw se, the tolerance for the raw
comodity al so applies to the processed coomodity. In all cases, the
tol erance represents the legal limt for a pesticide chem cal residue
in or on a food. However, the tolerance is not necessarily the
maxi mum safe | evel since tolerances are set no higher than necessary
to acconplish the intended result of representing the maxi mumresidue
likely to result fromregi stered uses.

Many tol erances for ol der chem cals were established in the
absence of data or were based on residue data which are no | onger
consi dered adequate due to advances in toxicology and chem cal
technol ogy. For these reasons, hundreds of tol erances for ol der
chem cal s are being and have been reeval uated as part of the Agency's
reregi stration process. Any mssing or inadequate data (data gaps)
are being required of the pesticide registrant ("called-in") in order
for the pesticide registrations to be continued. The Food Quality
Protection Act (1996) also requires the periodic reassessnent of

4
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t ol er ances.
The specific uses of different types of data in determning
t ol erances are di scussed in Section V.

I11. Food Consunption

A The Dietary Ri sk Eval uation System ( DRES)

The Dietary Ri sk Evaluation System (DRES) is a conputerized
system whi ch conbines estimtes of the | evel of pesticide residues on
crops (and percent crop treated data) with informati on about how nuch
of each crop a person eats. It then conpares the resulting exposure
estimate to a Reference Dose (RfD) or other toxicologically
significant reference point. Information about anticipated residues
for each crop is entered into DRES. An explanation of how DRES is
constructed is therefore necessary to understand of how the estinates
of anticipated residues are used.

DRES consunption estimates were derived froma survey conducted
by the U S. Departnent of Agriculture in 1977-78, which involved 3-
day dietary records for 30,770 individuals and 3734 food itenms. DRES
can handl e separate residue estimates for a nunber of different food
forms and food itens for each commodity (24). For exanple, the
different DRES food forns for apples include fresh apples and cooked
apples, and food itens include apple juice. Dietary exposure for
DRES is expressed in terns of quantity of pesticide consuned per unit
body wei ght per day (ng pesticide/ kg body weight/day). Dietary
exposure estinmates for a pesticide in a specific food or food form
are calculated by nmultiplying an estinate of the average anount of
the food consuned daily by an estimate of the anpbunt of pesticide in
that food or food form The total dietary exposure for the pesticide
is the sumof these products over all foods or food forns for which
there are tolerances for the pesticide in question. As a first
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approxi mation of dietary exposure, tolerance |evel residues are
entered into DRES. DRES can incorporate "anticipated residues” in
pl ace of tolerance |evel residues to generate a nore realistic
dietary risk assessnent.

DRES can estimate dietary exposure for the U. S. popul ation and
22 subgroups of the population as required by FQPA (1996). The 22
subgr oups i nclude groupi ngs by season (Spring, Summer, Fall, Wnter),
geogr aphi cal region (Northeast, North Central, Southern, and
Western), ethnicity (hispanic, non-hispanic whites, non-hispanic
bl acks, and non-hi spanic others), and age/sex (10 subgroups). DRES
cannot estimate exposures for conbi nations across groupi ngs such as
west ern regi on/ hi spani cs. However, DRES can account for varying
residues in a commodity for subgroups within a given grouping such as
by region or season.

The precision and accuracy of the exposure cal cul ati ons by DRES
for certain scenarios is limted in part by the 3-day tine period
over which the consunption data were generated. For exanple, the
nunber of people who consuned certain mnor conmodities such as kiw
fruit or macadam a nuts during the 3-day survey period was small, and
therefore, the variance of the consunption estinates for these
comodities is large. |If these commpdities were to have
significantly higher residues than other comodities, the dietary
exposure estimate could be significantly affected by the inprecise
consunption data for the mnor coomodities. An anal ogous situation
coul d occur for some major commodities which are consuned by
relatively few people within certain popul ati on subgroups (e.g.
grapefruit consunption by infants). In these cases again, the | ow
i ncidence (e.g. infants who consunmed grapefruit over the 3-day survey
period) may lead to relatively high uncertainty about the exposure to
this subgroup. Uncertainties related to the short three-day period
over which consunption data were generated are of particular concern
i n assessing acute toxicity.

The accuracy of extrapolating froma 3-day survey to the | onger

6
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periods of time that would be needed to cause chronic effects (weeks,
months, or - in the case of carcinogenicity - a 70-year lifetinme) is
gquestionable. However, because data on |ong-termfood consunption
patterns are not avail able, DRES assunes that the average consunption
estimates for chronic consunption by the general U.S. population and
each of the 22 subgroups are equal to the average consunption
estimates for the 3-day period over which the survey was taken.

EPA al so uses information on the percent of a crop that is
treated with a particular pesticide in carrying out a DRES anal ysi s.
The assunption that the percent of crop treated with a pesticide
accurately reflects the percent of crop eaten that is contam nated
with the pesticide |eads to an overestinmation of the risk for those
peopl e who eat a higher percentage of untreated comopdity, and to an
underestimation of risk for those people who eat a higher percentage
of treated comodity.

In spite of the limtations discussed, DRES is currently the
standard assessnent systemto which refinenents for individual
anal yses are applied. The large anount of consunption information
available in DRES, and its ability to incorporate and mani pul ate
resi due data, usage data, and toxicological reference values into its
di etary exposure assessnents, nmakes DRES a fl exi bl e and sophi sticated
dietary risk assessnment tool. A detailed description of the
strengt hs and weaknesses of the DRES are presented in references 15
t hrough 20.

The DRES is being updated to inlcude nore recent consunption
dat a.

B. O her Food Consunption Estimates
O her neans al so have been used in the past to estimate

consunption. Prior to the devel opnent of the Dietary Ri sk Eval uation
System the Food Factor System was used. The Food Factor nethod of
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exposure analysis utilized two types of data to determ ne food
consunption nationally. First, food consunption was estimated from
the retail weights calculated fromagricultural production figures
(from USDA) adjusted for loss during distribution. Secondly,
househol d surveys (USDA 1955, 1965/66, 1976/ 77) were conducted
(personal interviews with household nenbers) to determ ne food
consunption neasured at the |evel at which food enters the kitchen.
In the househol d surveys, food consunption was expressed as | Dbs.
commodi t y/ week/ househol d, and a food factor was determ ned by
dividing the consunption estimate for a particular comodity by the
total food consunption (97.85 | bs./week /household, 3.27 neal
equi val ents per person per household per day.) Total residue intake
was determ ned by nmultiplying the food factor by the residue for each
comodity, and then sunm ng the resulting residues for the individual
comodities. This systemis no |onger being used because it does not
account for processed forns of foods or differences in consunption by
popul ati on subgroups (regional, age or ethnic subgroups), and for

ot her reasons. (21, 22)

V. Types of Ri sk and Exposure Scenari os

For the purpose of determ ning the residue estimte to be used
in a dietary risk assessnent, risk is broadly categorized into
carci nogeni c risk, non-carcinogenic chronic risk, and acute risk.
Thi s docunent addresses only carcinogenic and non-carci nogenic
chronic risks.

The Agency's current nodels of carcinogenesis relate the
frequency of carcinogenesis to the amount of pesticide exposure over
along time period. At any one neal, |ower or higher |evels of
pesticide residue may be consunmed, but over a period of tine, residue
consunption will |ikely approach an average residue | evel.
Therefore, the anticipated residue estimtes used for quantitative
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carcinogenic risk assessnent are estimates of average residues in
foods at the time of consunption. This estinmate could be an average
residue fromfield trials conducted at a typical use pattern or an
average fromnonitoring data. Although sonme regional variability in
the average residue is likely due to variations in environnental
conditions and agricultural practice as well as distribution of
commodities in comrerce, this has not been considered by the Agency
in past risk assessnents because of the | ack of adequate regional
resi due data, use information, and food distribution information, al
of which would be required for an estimated average residue at the
time of consunption. Regional variations in residue |evels may be
increasingly incorporated into risk assessnent as better regional
resi due, use, food distribution, and consunption data are avail able
and as directed by FQPA

In determ ning exposure for non-carcinogenic chronic effects,
the Agency currently uses either the average residue fromfield trial
data reflecting the maxi num use pattern (nmaxi num anount appli ed,
maxi mum nunber of applications, mnimumretreatnent interval, and
m ni mum pre-harvest interval [PH]), or the average residue from
monitoring data. Since nost of the field trial data available are
for applications at the maxi num application rate, maxi num nunber of
applications, and m ninmum PH , the average residues found in these
comodities will |ikely exaggerate the average residue actually
present in foods at the tinme of consunption. |In practice, pesticides
are commonly applied at application rates | ess than the maxi numrate,
| ess than the maxi mum nunber of applications are nade, and crops are
harvested at PHI's which are | onger than those registered, all |eading
to lower residues. Additionally, pesticides may degrade between the
time of harvest and consunpti on. As in the case of carcinogenicity,
regi onal exposure anal yses may be perforned if adequate regional data
are available. Anticipated residues for pesticides in/on foods are
revisited periodically.
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V. Types of Data

In Section V.A through V.G below, the major types of residue
data are di scussed and how these data are used to establish
tol erances. Use of these data in determ ning anticipated residues
and dietary exposure is discussed in Section VI.

A. Met abolism Studies in Plants and Ani mal s

Pl ant and ani mal netabolism studies are designed to characterize the
chem cal conposition of the pesticide residue in plants and ani nal s.
In plant nmetabolismstudies, the plant is treated with the pesti cide,
usual ly radiolabelled with *C, in a manner simlar to the proposed
use. For exanple, if corn were to be treated with a pesticide using
foliar spray applications, foliar applications of the radiol abel | ed
pesticide would be made to corn in the nmetabolismstudy. Follow ng
pesticide treatnment, the plant is nanaged as cl osely as possible to
the way the plant would be managed in the field and sanpl es of
i nportant plant commodities are obtained (e.g. corn grain, forage,
and stover). The sanples are collected at tines which correspond to
normal harvest tinmes. The sanples then are analyzed to determ ne the
chem cal structures and quantities of netabolites present in the
total radioactive residue.

Two types of animal netabolismstudies normally are conduct ed.
If an animal is to receive dermal pesticide treatnents (sprays, dips,
etc.), the radiol abell ed pesticide nust be applied to the ani nal
dermally. If the animal will consune the pesticide or pesticide
residue orally, oral admnistration is required. Follow ng pesticide
treatment for a sufficient length of tine, animal tissue, mlk, and
egg sanpl es are obtained and anal yzed to determ ne the chem cal
structures and quantities of netabolites present in the total
pestici de residue.

10
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The tol erance expression which is published in 40 CFR Part 180
for each pesticide, describes which chem cal conponents of the
pesticide nust be regulated. The HED Metabolism Commttee determ nes
the residue to be regulated (tol erance expression) and the residue to
be considered in various risk assessnents. Metabolites are included
in the tol erance expression depending on their toxicological
significance, their percentage of the total residue, and whet her
anal ytical nethodol ogy can be devel oped to neasure residues of the
metabolite in agricultural comobdities. Methodology is essential for
nmet abol ites which are both toxicologically significant and present at
significant |levels. The active ingredient and toxicologically
significant netabolites are called the total toxic residue. |f one
conponent of the residue is significantly nore toxic than the other
conponents, two |evels may be necessary in the tol erance expression.

More detailed informati on regardi ng how to conduct and eval uate
nmet abol i sm studi es can be found in the OPPTS Test Cuidelines, Series
860 (EPA 712-C-96-169), available fromthe U S. Governnent Printing
O fice (http://fedbbs. access. gpo. gov; 202-512-0132).

B. Anal yti cal Met hodol ogy

Chem cal conponents of the pesticide residue which are included
in the total toxic residue are determ ned by the HED Met abol i sm
Committee. Once the total toxic residue has been determ ned,
anal yti cal nethods nust be devel oped to all ow determ nation of
resi dues of these conponents in agricultural comodities (raw,
processed or animal) for which tolerances are required. These
anal yti cal nethods are necessary to provide residue data in residue
field trials and as a neans of enforcenent of the tol erances.
Detailed information regardi ng anal ytical nethods may be found in the
OPPTS Test Cuidelines, 860.1340 (EPA 712-C-96-174).

11
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C. Residue Field Trials

After the metabolism studi es have indicated what to | ook for and
anal ytical nmethods have been devel oped to neasure the total toxic
residue, the actual residue field trials are carried out. These are
studies in which the pesticide is applied to crops in a manner
simlar to the directions for use which will eventually appear on the
| abel ; then, sanples are obtained and anal yzed for total residues.
The purpose of residue field trial studies is to determ ne the
appropriate tolerance |evel which is the maximum | egally all owabl e
pesticide residue and is used to regulate the coomodity as it travels
ininterstate commerce. Data normally are required for each crop (or
for representative comobdities in a crop group as defined in 40 CFR
180.34(f)(9)) for which a tolerance and registration is requested.
Data al so are required for each raw agricultural comodity (rac)
derived fromthe plant (for exanple, corn residue data woul d be
required for the grain and the forage, and stover). Sanples
generally are placed in frozen storage imedi ately after collection
to mnimze |loss or dissipation of the pesticide residue prior to
analysis. The field trial data nust reflect the use conditions that
could lead to the highest residues and nust represent the highest
application rate, the maxi mnum nunber of applications, and the
shortest tinme intervals between applications and between the | ast
application and harvest to be included on the |label. The residue
data al so nust be representative of major grow ng areas and seasons,
maj or types or varieties of the rac, the general types of pesticide
formul ations for which registration is requested, and the types of
applications to be nade (e.g. ground applications and ultra-Iow
vol une aerial applications.) Further information regarding field
trial data are available in the OPPTS Test Cuidelines, 860.1500 (EPA
712- C-96-183) . Addi tional information regarding the use of field
trial data in determining tol erances and anticipated residues is

12
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i ncluded in Appendices 1 and 4.

D. Processing Studies

Processing studies are designed to determ ne the concentration
(or reduction) of residues when the raw agricultural comodity is
processed commercially. Typically, a raw agricultural comodity
cont ai ni ng weat hered residues, frequently resulting fromfield
applications at exaggerated (higher than maxi num | abel) pesticide
application rates to assure obtaining quantifiable residues, is
processed using a nethod which closely sinmulates comerci al
processing. Inportant processed fractions are obtained at various
points in the process and anal yzed for the total toxic residue. The
ratio of the residue in the processed commopdity to the residue in the
raw commodity is the concentration (or reduction) factor. |If the
average ratio for all processing studies is greater than 1, the
residue is said to concentrate upon processing. |If the average ratio
fromall processing studies is equal to or less than 1, there is no
concentration of residues. These ratios, if greater than 1, are then
mul ti plied by the highest average field trial residue (HAFT) for the
raw agricultural commodity to determne if tolerances are required
for the processed cormmodities. Tolerances are not required for
processed commodities unless the residue concentrates significantly
(concentration factor multiplied by the HAFT is greater than the rac
tol erance) upon processing. Additional information regarding
processi ng studies can be found in the OPPTS Test Cui delines,
860. 1520, EPA 712-C-96- 184.

E. Feedi ng Studi es

In ani mal feeding studies, pesticide residues which may be found
in nmeat, mlk, poultry, and eggs as a result of ingestion of treated
feeds by animals are determ ned. The nmaxi mumresidues in aninal

13
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commodities likely to result fromingestion of animal feeds treated
at the maxi mum application rates (and shortest PHI s) are used to
determ ne tol erances for aninmal commobdities (except in cases where
dermal applications are also made to the aninmal in which cases

resi dues fromdermal applications also would have to be incorporated
into the tol erance |level).

In general, animals are dosed with the pesticide for a period of
tinme, and the resultant residues in eggs, mlk, and animal tissues
are neasured (the total toxic residue as determ ned by the HED
Met abol i sm Commttee). |If netabolism studies show that there are
pl ant met abolites of toxicological concern which are not al so ani nal
met abolites, the animal may need to be dosed with the netabolites
whi ch are plant netabolites and not aninmal netabolites, as well as
wi th the parent conpound.

The livestock theoretical dietary burden (residue intake from
treated feeds) is determned by nultiplying the tolerance |evel for
livestock feed itens by the maxi mum fraction of each feed item
(corrected for percent dry matter for rumnants) in the |livestock
diet (found in OPPTS Test Cuidelines, 860.1000, Table 1; EPA 712-C
96-169). Then the residue contributions fromeach cormmodity are
summed to obtain the total dietary burden of the animal. The feeding
levels to be used in the |ivestock feeding studies are based on the
estimated dietary burden of the pesticide in the |ivestock feed. The
| evel s used shoul d be approxi mately 1x, 3x, and 10x of the estinmated
di etary burden, where 1x is the worst case estimate of potential
Iivestock dietary exposure based on the assunption that al
conponents of the feed contain tolerance |evel residues. The
exaggerated feeding levels are particularly inportant if non-
guantifiable residues are reported at the 1x feeding level; they help
show whet her residues in tissues vary linearly with the feeding
level. Additionally, exaggerated feeding levels will allow for
future tolerance requests (the aninmal dietary residue burden nmust be
| ess than the maxi num feeding | evel used in the feeding studies or

14
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addi tional feeding studies may be required).

The dietary burden is conpared to the levels fed in the
livestock feeding study, and the residue in each tissue, in mlk, and
in eggs is determned froma graph or |linear regression anal ysis.
Sonetinmes a sinple ratio is used if the estinmated dietary burden is
close to one of the levels in the livestock feeding study or is
significantly |ower than the I owest level in the feeding study. The
residue estimated in this manner for nmeat and poultry tissues, mlk,
and eggs i s rounded upward and becones the tol erance | evel. However,
as required by FQPA the tolerance level is not set at a |level |ower
than the limt of quantification (LOQ of the analytical nethod.

Further information regarding animal feeding studies is
avai lable in the OPPTS Test Cuidelines, 860.1480, EPA 712-C- 96-182.

F. Moni toring Dat a

In a pesticide residue nonitoring study, sanples of
agricultural commodities are obtained at various tinmes and from
various | ocations and anal yzed for pesticide residues. The specific
comodi ties sanpled, sanpling |ocations and tines, nunbers of
sanpl es, sanple sizes, and many ot her sanpling paraneters depend on
t he purpose of the study. Purposes for which pesticide residues are
comonly nonitored in foods include enforcenent of tol erances and
ef fl uent discharges, trend anal yses, assessnent of environnental
contam nation and di etary exposure assessnent. Al though our focus
here is on chronic dietary exposure assessnent, nonitoring data
obt ai ned specifically for this purpose are not always available for
many conmmodities and pesticides. Therefore, nonitoring data designed
for other purposes comonly are used taking into account the
uncertainties or bias introduced because of the different purposes
for which the data were generated. Further discussion of the use of
nmonitoring data in dietary exposure assessnent is included in Section
VI and in Appendix 4. Below we discuss sone of the major existing

15
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nmoni toring prograns and the factors which determ ne their useful ness
in dietary exposure assessnent.

The nost w dely available nonitoring data are those fromthe FDA
and USDA. The Food and Drug Adm ni stration (FDA), as part of their
enf orcement program for pesticides, collects four types of nonitoring
data: donmestic surveillance, donestic conpliance, inport
surveillance, and inport conpliance. Conpliance data generally are
the result of targeting collection towards commodities suspected of
containing illegal residues, while surveillance sanples are collected
wi t hout any suspicion that a particul ar shipnent contains illegal
resi dues. They are, however, selected partly on the basis of vol une
of production of a coormobdity and partly on the basis of prior residue
problens with a certain food commopdity and growing region. In their
surveillance nonitoring program FDA nonitors a wi de variety of
agricultural and processed comodities for nunmerous contam nants,

i ncludi ng pesticides, using primarily nmultiresidue nethods of

anal ysis which are capable of determning a variety of contam nants
froma single sanple analysis. In its surveillance nonitoring
program FDA al so conducts incidence/level nonitoring to acquire
information on specific pesticides, conmodities, or

pesti ci de/ commodi ty/ country conbi nati ons. Anong recent

i nci dence/l evel nonitoring conducted by FDA are nonitoring for

resi dues of aldicarb (potatoes), captan (cherries), benonyl (apples,
grapes, peaches), captafol (apples, cherries, rice), an aquaculture
survey, a mlk survey, and a processed food survey. Although routine
nmoni toring and incidence/level nonitoring provide data for many
pestici des, other pesticides are not nonitored by FDA or only limted
data are available. Donestic sanples are collected as closely as
possible to the point of production in the food distribution chain
since the prinme objective is to nonitor fresh food being shipped in
interstate comerce for conpliance with EPA tol erances. Therefore,
addi ti onal degradation which could occur between the collection point
and the "dinner plate" is possible. Information which would all ow
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determ nation of the |location at which a sanple was grown i s not
readily available. Inport sanples are collected at the point of
entry into U S. commerce (12, 13, 14).

A maj or objective of the FDA nonitoring programis to prevent
foods that contain illegal residues fromentering interstate
commerce. Although the overall programis not designed to provide
truly representative sanpling of comobdities for the purpose of
di etary exposure assessnent, FDA' s FY '92 programincluded a trial
effort to provide statistically based nonitoring data in pears and
tomatoes. Bias may enter if the conpound of concern was targeted for
FDA nonitoring and hi gher than typical residues were seen. |If the
conmpound bei ng assessed were not given priority in sanple collection,
and nonitoring were directed towards other conpeting conpounds, the
FDA surveillance data for the first conpound may show i nfrequent
"detects" and artificially | ow average residues.

FDA al so conducts the Total Diet Study, also called the Market
Basket Survey, in which pesticide residues are determned in food
prepared for consunption. The Total Diet Study is designed to
estimate dietary intake of selected pesticides by various U S age-
sex groups. Foods are collected four tinmes per year in retai
markets at 12 | ocations throughout the U S. and are prepared as
t abl e-ready (cooked) before analysis. Each narket basket consists of
234 foods that represent at |east 90% of the itens in the Anerican
diet (14). These data are useful to the FDA for maeking trend
anal yses; however, since so few sanples of each comobdity are
obt ai ned, these data have limted use for risk assessnent.

FDA nmonitoring includes few sanpl es of neat and poultry (these
commodities commonly are included only in the Total D et Study).
Monitoring data may be avail able for animal comodities from USDA for
chemcals included in their routine nonitoring prograns. Pesticide
monitoring data from USDA' s Food Safety and | nspection Service (FSIS)
primarily include analyses for chlorinated pesticides in animl fat,
and ot her selected pesticides in liver sanples. USDA's FSIS nonitors
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shel | ed eggs and egg products for pesticides (fornerly done by USDA' s
Agricul tural Marketing Service (AVMS)), while FDA nonitors for
pesticide residues in in-shell eggs.

The USDA, in cooperation with the EPA and FDA, established
(1991) the Pesticide Data Program (PDP). This programis designed to
provi de actual residue nonitoring and usage data to help formthe
basis for conducting nore realistic risk assessnents. Briefly, EPA
provi des USDA with pesticide/comopdity conbinati ons for which the EPA
desires data; and the PDP generates these data (including residue
nmoni toring and usage data) in cooperation with the States. Over 700
sanpl es of each commodity are collected in a year and anal yzed for
pesticides of interest to EPA. These data are then provided to EPA
The PDP nonitors residues in those fresh fruits and veget abl es nost
preval ently consunmed by the US public. To date, PDP has tested 25
food coomodities, 17 of which were fresh fruits and vegetabl es, six
were processed commodities, and the remaining two were m |l k and
wheat .

An inportant aspect of this programis that it is designed to
nmeet the data quality and random sanpling criteria required for
monitoring data used for risk assessnent. The majority of the
sanpling sites are either termnal markets or |arge chain store
distribution centers. These are typically the |last points before
distribution to retail sites. Sanpl es are prepared by practices
that emul ate those of the consuner, for exanple, bananas are peel ed.

Monitoring data al so nay be generated by ot her sources including
states, registrants, and other interested parties such as food
processors and consuner or environmental groups. Monitoring data
generated by the states (CA, FL, N and others) are avail able; sone
of these data are incorporated into a data base acquired through an
FDA contract. FDA has coordinated with several states to coordinate
data collection and conpile the data to increase their availability
and useful ness ( FOODCONTAM pr oj ect) .

EPA has the authority to require pesticide registrants to
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gener ate market basket surveys of pesticide residues and recently has
exercised this authority in issuing "Data Call-Ins" requiring
statistically based national surveys for residues of specific
pesticides. Appendix 3 provides guidance on the design and

eval uati on of pesticide residue surveys. A discussion of the use of
existing nonitoring data in dietary exposure assessnment is presented
i n Appendi x 4.

G Resi due Degradati on- Reducti on Studies

Resi due degradation/reduction describes any change in the anount
and conposition of the total toxic residue fromharvest to the point
of consunption. Therefore, many types of processes are grouped under
degradati on-reduction studies including storage, comerci al
transport, comrercial processing, washing, peeling, trimmng,
cooking, and others. |In the case of post-harvest pesticide
applications, degradation/reduction describes the changes from
pesticide application to consunption. Pesticides my degrade to form
less toxic products or, |less comonly, to formnore toxic products.

Two general nmechani sns are responsible for the
degradati on/reduction of pesticide residues in a commodity: physical
processes and chem cal processes. Physical processes include
washi ng, volatilization, and renoval of parts of a commbdity such as
peels, hulls or outer |eaves. The pesticide also may react
chemcally in the presence of noisture, heat, |ight, acids, bases,
enzynes, oxidizing or reducing agents, netal ions, or under other
condi ti ons which may decrease or nodify the residue. The mgjor
chem cal degradation pat hways are oxidation and hydrol ysis, both of
whi ch can occur by enzymatic or non-enzymatic nmechani sns. Most
enzynes responsi bl e for pesticide degradation would | ose their
activity permanently after being heated to 100°C or above.

The kinetics of pesticide degradation generally are assuned to
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be pseudo first order for a particul ar degradati on process dependi ng
only on the pesticide residue (which would be very lowrelative to

ot her chem cals involved in the degradation process such as water).
However, nmany degradation processes can occur at the sane tine.
Therefore, in order to determ ne the overall kinetics of degradation,
a nmean half-life (obtained by averaging half-lives calculated froma
series of sets of points along the curve of |og (residue
concentration) vs. tine) nay be used cautiously as an estinate of the
hal f-1ife of the conposite degradati on process.

After harvest, commodities can be stored (sonetines for extended
periods of tine), transported, commercially processed, waxed, washed,
peel ed, cooked, and treated in other commodity-specific ways. Tine
and tenperature considerations are inportant when exam ning the
effects of storage, transportation, conmercial processing, and
cooking. Humdity may be inportant when exam ni ng storage and
transportation. The point at which wax (with or w thout pesticides)
is applied to sone commodities nust be considered (e.g. apples,
cucunbers). The typical way(s) commodities are washed, peel ed, and
cooked (e.g. boiled, fried, roasted, etc.) are inportant
considerations. Oher processes also may be inportant for specific
comodities (e.g. shelling nuts, renoval of the outer |eaves from
| ettuce and cabbage, renoval of the thick part of the stemfrom
broccoli and asparagus). Residue degradation/reduction studies for
representative commodities within a crop group may be sufficient to
characterize residue degradation/reduction within the entire crop
group if comercial and hone preparation practices are simlar for
the different commodities.

A residue degradation/reduction study should take a treated
sanpl e through all of the processes from harvest to consunption and
shoul d simul ate typical comercial and hone practices as closely as
possi bl e. Subsanpl es shoul d be renoved at each inportant point for
residue determnation in the edible portion of the commodity. In al
cases, but particularly when degradation products are nore toxic than
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the parent, application rates should be chosen which are close to the
maxi mum regi stered rates so that netabolite rati os which approxi mate
those likely to result fromtypical applications can be determ ned.
Residues in the raw commodities should be well above the anal yti cal
method limt of quantitation (LOQ at the beginning of the study so
that the decline in residues can be neasured accurately. Analytical
met hods nust have sufficiently lowlimts of quantitation (LOXB) so
that an acceptable risk can be estimted using the LOQ considering
conbined risk fromall foods.

Desi gn of studies to neasure residue degradation/reduction in
comodity storage is presented in Appendix 5. Additional discussion
of the integration of field trial, storage, processing, cooking, and
ot her data are required.

H. Pestici de Usage Data
Pestici de usage data descri be the anmount of pesticide

applied per unit tinme (lbs.a.i. per year, for exanple), the nunber of
acres of each crop treated (or the percentage of the crop treated),
and simlar information. This is to be distinguished fromuse data
whi ch describe the specific way the pesticide is used on a crop such
as the type of application ("in-furrow', for exanple) or the timng
of applications. Pesticide usage data are collected by the Agency
for use in human risk/benefit anal yses, environnental exposure/risk
anal yses, and serve as an input for design and planning activities
for nonitoring and enforcenent efforts (25).

Usage data are avail able fromnmany sources. Proprietary sources
of usage information include those from Doane Marketing Research,
Inc., Maritz Marketing Research, Inc. and Technom c Consul tants.
Doane and Maritz provide current estimated use and usage data for
maj or crops and sone snall acreage crops. Doane al so provides
livestock usage data. Estimates generally are based on
surveys/ panel s and may i nclude sonme expert opinion, especially
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Technom c. Survey data are avail able from USDA covering major field
crops, and nore recently, other crops. Usage information are
avai l able from many states, but the useful ness of these data
frequently are limted for many reasons including pesticide usage not
being reported by crop, sporadic collection of data, the availability
of only older data (5-10 years old), and collection of data only for
"maj or crops”. The Census Bureau estimtes usage by pesticide

cl asses, not specific pesticide, and can conduct special surveys for
sel ected states when funds are available. Battelle provides
primarily foreign pesticide usage data. Information sonetines is
obt ai ned t hrough phone calls to cooperative extension personnel, but
the information usually is based on opinion rather than on hard dat a.
Finally, registrants provide data under Section 7 of FIFRA giving the
anounts of pesticide that are produced and distributed, but the
anounts used on specific crops are not provided.

These data are nost useful for estimating ranges of percent of
crop treated on a national and regional basis for major chem cals on
maj or crops (major crops as defined here include field corn, wheat,
soybeans, peanuts, cotton, sorghum barley, oats/rye, alfalfa, and
perhaps rice, plus a few specialty crops such as potatoes, tobacco,
and citrus as a group.) Data are |limted for specialty (mnor)
crops, postharvest applications (except apples, oranges, grapes, and
sone grain fumgants), and livestock (while there are data on percent
of crop treated for feed, there is little information on which
animals are fed the treated feed.)

The use of percent crop treated information in dietary exposure
assessnment is described in Sections VI.A and VI.A 2. The useful ness
of pesticide usage data for dietary exposure assessnment has been
limted to national estimates of percent crop treated because of the
reasons di scussed above, and because there has been no information
connecting the treated crop to its distribution in commerce and
processing. Tolerance nmultiplied by percent crop treated yields an
anticipated residue estimate. FQPA requires reconsideration of the
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di etary exposure assessnent (anticipated residue) after five years if
percent crop treated data are utilized.

VI . Use of Data

The follow ng sections discuss how various types of data are
used in dietary exposure assessnent. First an overview of the
sequence of events in determning dietary exposure is presented,
foll owed by a nore detail ed discussion of how the various types of
data are used.

A Anti ci pated Residue Determ nation: Sequence of Events in
Determ ning Dietary Exposure

Tol erances, as explained, often do not accurately reflect
actual residues likely to be found in ready-to-eat foods. However,
an accurate prediction of likely crop residues is vital when
estimating dietary exposure to pesticide residues for the purpose of
ri sk assessnment so that realistic risk estimtes can be obtained. To
this end, "anticipated residues" are determned. An "anticipated
residue"” is sinply the best estimate of the pesticide residue |ikely
to be consuned.

The sequence of events normally followed in devel oping dietary
exposure/ antici pated residue estimates for pesticide chemcals is the

fol |l ow ng:

(1) Exposure assessnent based on tol erance | evel residues

(2) Reassessnent of exposure using adjustnments for the percent
of crop treated

(3)(a) Reanal ysis of the residue field trial data to determ ne

23



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

averages or upper limts on the residue, depending on the
toxic effect

(b) Adjustnent of the residue for the effects of washing,
cooki ng, processing, storage and other factors dependi ng on
the avail abl e data

(c) Use of existing nonitoring data from FDA, USDA, the States,
etc., when available and reliable

(d) Reassessnent of anticipated residues and conpari son of
anticipated residues estimated fromnnonitoring data and
field trial/degradation data (if both are available) to
determ ne consi stency between the data sets, and if
i nconsi stent, which anticipated residues to use

(e) Reassessnent of exposure based on antici pated residues
determined in (3a) to (3e) above

(4) Requiring nonitoring or other studies to be carried out by
t he pesticide registrant

Exposure assessnent is carried out in a step-w se manner in
order to assure that no unreasonable risk results fromuse of the
pesticide while not requiring the registrants to generate unnecessary
data. In performng the sequence of events above, the process is
stopped if the exposure estinmate does not exceed OPP' s | evel of
concern. Exanples of sonme of the calculations used in determning
anticipated residues are presented in Appendix 1.

As a first step in estimating the dietary exposure to
pesticides, the Agency traditionally has assunmed that residues would
be at the tolerance level. This conservative assunption leads to
unrealistically high estimtes of dietary exposure (for chronic
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exposure) for a nunmber of reasons. For exanple, pesticides are not

al ways applied at the maximumrate or mninmum PH , not all crops are
treated, and residues on food at the tine of consunption often are
significantly |ower than the residue on the rac. The latter is due
to breakdown of the pesticide during shipping and storage, and ot her
processi ng procedures such as peeling, trimmng, cooking, and canning
whi ch may reduce the pesticide residue.

If the dietary exposure anal ysis conducted using tol erance |evel
residues |eads to an estimate of dietary exposure which is considered
to be acceptable, then the Agency does not attenpt to further refine
the dietary exposure assessnent. However, if the exposure estinmated
using tolerances is of concern, tolerance |evels wuld be adjusted
for percent crop treated and the exposure woul d agai n be esti mated.

Ri sk managenent deci si ons based on anticipated residues corrected for
percent crop treated are nmade considering potential changes in the
percent crop treated as well as on the avail abl e pesticide
alternatives

I f estimations using tol erances and percent crop treated data
show exposure to result in risk |levels of concern, anticipated
resi dues woul d be determ ned.

Prior to requiring subm ssion of new data, all avail able data
woul d be exam ned for its usefulness in determ ning anticipated
residues. This would include field trial data, processing studies,
monitoring data, feeding studies, percent crop treated data,
information regardi ng typical application rates and nethods, and any
ot her type of data which would provide a nore realistic estimate of
residues "at the plate". |If these data were determ ned to be
adequate, a nore accurate exposure estimte woul d be nade based on
the anticipated residues estimated fromthese data. O herw se,
addi tional data would be required of the registrant to maintain
regi stration of the pesticide. |If the available data were considered
adequate to determ ne anticipated residues, and if exposure estinated
fromthese anticipated residues were still of concern, it then would
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be determ ned whether additional data could provide a still nore
accurate anticipated residue estimate which m ght indicate acceptable
risk. If so, these data would be required of the registrant in order
to maintain the pesticide registration. O herw se, nethods ot her
than i nproving the accuracy of the anticipated residues woul d be
utilized to mtigate the risk

For a typical exposure assessnent consisting of one pesticide
and many commodities, anticipated residues are determ ned for each
commodity using either nonitoring data or field trial/degradation
studi es, depending on the data which are avail able for each
i ndi vi dual commodity (both nonitoring and field trial data may be
used for different commodities in a single exposure assessnent for a
pesti ci de).

In some cases, anticipated residues determ ned fromnonitoring
data which are considered sufficiently precise, representative, and
free frombias, and which were generated in a manner such that the
residues seen are likely to reflect actual residues "at the plate",
are substantially different fromanticipated resi dues determ ned
using other types of data. This difference frequently can be
attributed to a | ack of sufficient information regarding pesticide
degradati on between harvest and consunption and the resulting
i naccuracy in the anticipated residue estimate based on field
trial/degradation data. |In these cases, the anticipated residue
estimate fromnonitoring data is considered nore accurate and is
used. If both the nonitoring and field trial/degradation data are
consi dered adequate but give conflicting results which cannot be
attributed to sone uncertainty in one of the data sets, the nore
conservative estimate of the anticipated residue is used.

When data necessary to determ ne anticipated residues are
required of the registrant, it is the registrants' responsibility to
devel op an acceptable protocol, although the type of data needed may
be specified by EPA. Registrants are encouraged to submt protocols
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to the Agency for review prior to the initiation of studies.
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Additionally, to help assure that the registrants' resources are not
wast ed on studies which will not be acceptable to the Agency, OPP has
drafted "Acceptance Criteria"™ for all types of residue studies.

These docunents were prepared as part of the Phase 3 Qui dance of

FI FRA 88. These criteria nust be nmet before the studies wll be
accepted (the studies nmay still be rejected for other reasons even

t hough they neet the m nimumrequirenments described in the
"Acceptance Criteria").

The approach to estimating the anticipated residue generally is
governed by the type of data available for a given pesticide/crop
conbi nation. The types of data utilized are illustrated in Figure 1
by a series of concentric circles in which the outer boundary
represents the highest perm ssible |egal residue, and the center
reflects the actual residue intake by the consuner. As one nears the
center of the circle, the anticipated residue nore realistically
estimates the actual residue intake. Residue field trial and
processing data are available for nost pesticides in the tol erance
petitions. Mnitoring data, cooking studies, and studies of the
change in residues during transport and anbi ent storage generally are
not available in tolerance petitions. Mnitoring data typically are
avai l abl e from FDA for pesticide chem cals which are capable of being
anal yzed by FDA nultiresidue or single-residue nethodol ogy. These
i ncl ude nost chl orinated hydrocarbons, N nethyl carbamates, phenolic,
or ganophosphat e and carboxylic aci d-containi ng pesticides.

Monitoring data sonetines are available from other sources including
the USDA, State agencies, and registrants. Monitoring data are
avai l able from PDP for requested crop/commodity conbi nations.

The choi ce of the appropriate data bases to use for estinmating
di etary exposure and the manner in which these data bases are treated
are issues which require considerable scientific judgnent and are
deci ded on a case-by-case basis. 1In general, the database sel ected
must have sufficient information to determ ne the desired anti ci pated
residue with reasonable reliability. This is discussed further in
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Sections VI.A (1) and (2).

A flow di agram depi cting sone of the ideas discussed is shown in
Figure 2. Also shown are generalized equations for determ ning
anticipated residues in plant and ani mal commoditi es.

1. Moni toring Studies

Monitoring data are the preferred source of data for
anticipated residue estimates, assumng sanpling is representative
and sufficiently extensive, because these studies neasure the residue
that actually is present in foods in the chain of conmerce. The
closer to the "dinner plate" the data are obtained, the nore likely
the data will reflect realistic residue consunption. WMny factors
must be consi dered and wei ghed when determ ning the useful ness of
avai l abl e nonitoring data, and in designing a nonitoring program
formul ati on of a "cookbook" process for these purposes, which
i ncludes all contingencies which m ght be encountered, is not
feasi ble. Below we discuss sone factors which nust be consi dered
when determ ni ng the adequacy of nonitoring data in determ ning
di etary exposure.

Descriptions of the FDA Surveillance and Conpliance Mnitoring
Progranms were provided in Section V.F. and are discussed in nore
detail in Appendix 4. As discussed, these prograns were designed for
pur poses other than dietary exposure assessnent. However, reliable
di etary exposure information can be obtained fromthese data in many
cases provided the limtations in the data base, which are discussed
bel ow, are consi der ed.

An inportant consideration in determ ning the useful ness of any
nmonitoring data in dietary exposure is the geographical
representativeness of the data. Determ nation of geographi cal
representativeness nust be nmade on a case-by-case basis since crops
grown and pesticides used vary with location. Since the location in
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Fiqure 1: Approach to Targeting Realistic Residues

to Use in Dietary Ri sk Assessnent
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Fiqure 2: Determ nation of Anticipated Residues for Quantitative

Carcinogeni ¢ Ri sk Assessnent
+3)))))))))))))))))))),
*Best Estimate from * % Crop Treated
*Field or Monitoring =
*St udy, Mean Residue /2)))))))))).,
* (X) *
SIMMDIOIIIIIIDE *

* % Crop Treated

*

LA

+333)333)))0000)0))1
+33333333)313233333333)-%333333))2)3)3))1)))» +33333))2)3))))»

*Commer ci al Processi ng=>Commerci al Storage * *Cal cul at e Feed*
* (Ps) /1 (S * * | ntake *
-)))))))))))))))))))))—-))))))))0))))2)))))— -)))))))0))))))—*
* Fresh *
* Mar ket *
+3)))))))))))))))),.* +3))))))2))))).,
*Food Preparation /- *Meat, MIk, =*
* (F) * *Poul try, Eggs*
-2)2))))))))))))))- I~

AR ops = Xe X %CT X S x P x F

ARcrops = XMX Pf x F

AR... = Feed intake (corrected for %T) x residue
transfer (obtained fromfeeding studies)

AR = Antici pated Resi due

Xe = Average residue fromfield trial or farngate
nmoni tori ng

X Aver age residue in nmonitoring studies, including

% T = Percent crop treated

non- quantifi abl e residues

S = Storage factor - corrects for change in residues
during storage
P; = Processing factor - corrects residue in raw

agricultural comodity
for concentration or
dilution of residues in processed
f oods/ f eeds

F = Food preparation factor - corrects for changes in
resi dues during food preparation
(e.g. cooking, trinmng, etc.)
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nmoni toring data, absolute assurance of geographical
representativeness is not possible. However, in nmany cases, the
Agency has concl uded that FDA data were likely to be reasonably
geographically representative of pesticide residues in a comodity.
These concl usi ons were nmade considering the FDA collection districts
and states fromwhich the sanples were obtained. First, the
collection districts nust represent those in which the commodities
are known to be grown and could be treated with the pesticide. |If
maj or growi ng areas are not included, the data would be used only if
pesticide usage data indicated that either the pesticide was not used
in those areas or that pesticide use in those areas was sim/lar
enough to use in other represented areas so that the residue
information could be translated to the non-represented area.
Secondly, a sufficient nunber of sanples fromeach collection
district nmust be available to assure the reliability of the
antici pated resi dues determ ned. Again, the nunber of sanples
requi red depends on the crop being considered, as well as on the
percent of that crop treated. The nunber of sanples needed also wll
depend on the toxicological effect of concern since the nunber of
sanples required for reliable assessnent of chronic exposure wll
differ fromthe nunber required for acute exposure. |In general, the
Agency requires analysis of a pesticide in at |east 100 sanples of a
particular coomodity in FDA nonitoring data before use of the data
will be considered. Thirdly, consideration nust be given to the
season or collection tines of sanples in each collection district.
| f sanples were collected only at tines when pesticide residues were
not likely to be found in a cormodity, the data would have limted
useful ness. Also, if a large nunber of sanples were obtained froma
specific local study, the data m ght not be representative of
resi dues throughout the collection district.

Anot her inportant consideration in determ ning the useful ness of
FDA or other nonitoring data in determning dietary exposure is the
anal yti cal nethodol ogy used. Two factors are inportant: the limt of
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quantitation (LOQ and the chem cal conponents which are neasured by
the method. The anal ytical nmethod LOQ nust be sufficiently lowto
al | ow unanbi guous determ nation that the risk is acceptable. In many
cases in which no quantifiable residues were found in a commodity,

ri sks estimated assum ng non-quantifiable residues at the LOQ or
even at 1/2 the LOQ would be of concern. Also, the nethod nust
measure all of the conponents of the total regulated residue. |If
only the parent conpound is determned, as is the case with sone
pesticides nonitored by FDA, a significant portion of the total

resi due may not be neasured and the data will have limted
usef ul ness.

| f FDA or other nonitoring data are determ ned to be adequate to
determ ne antici pated residues based on the considerations discussed
above, anticipated residues could be determ ned for raw commodi ti es,
processed commodities, animal products, or aninmal feeds. Anticipated
residues are determined directly fromthe nonitoring data for raw
commodities. For processed comodities or aninmal feeds, anticipated
resi dues can be determned directly if adequate nonitoring data for
the processed commodity or animal feed are avail able, or by
mul ti plying the anticipated residue for the raw commodity by the
concentration/reduction factor from processing studies available in
the tolerance petitions. For animl products, anticipated residues
can be determned directly if adequate nonitoring data are avail able
for these commodities or they can be determ ned by using anticipated
residues for aninmal feeds (determned fromnonitoring studies) in
conjunction with animal feeding studies (see Section V.E.).

Consi deration nust be given to possible different pesticide
treatnents of a comodity destined for the fresh market versus the
sanme commodity destined for processing.

Descriptions of the USDA Pesticide Data Program (PDP) were
provided in Section V.F. The PDP was designed to provide objective
residue data that can be used for anticipated residue determ nations.
To date, PDP has tested 25 food commodities, 17 of which were fresh
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fruits and vegetabl es, six were processed commodities, and the
remaining two were mlk and wheat. Mst of the sanples are collected
at the termnal market or distribution center |ocations. Sanples are
prepared as if for human consunption, e.g., apples are washed and
cored. Pesticides determned are those of interest to EPA. Mre
detail is provided in Appendi x 4.

For a |imted nunber of pesticides, nonitoring data are
avai lable fromthe U S. Departnent of Agriculture (USDA) for ani mal
fat (or liver) and certain forns of eggs. |If a sufficient nunber of
sanpl es are avail able, these data can be used to determ ne
anticipated residues in animal commodities in a manner simlar to the
way FDA data are used to determ ne anticipated residues for raw and
processed agricultural commuodities.

Monitoring data from sources other than the FDA and USDA have
been used by EPA for dietary exposure assessnents. [|n sone cases,
data generated by the registrants have been used.

For nonitoring to reflect real-world exposure it is inportant
that significant market disruptions have not occurred (8,11). A case
where mar ket disruption occurred was Al ar® ( N-di net hyl am nosucci nam ¢
acid). Longer termmonitoring will be necessary in these situations,
and nonitoring should be continued until sone tinme after normal use
resunes, i.e., the market disruption is over, in order to obtain the
nost accurate estimate of the anticipated residue. It nay be
possi bl e, however, to correct the data for the effect of the narket
di sruption, if the percent of crop treated is accurately known both
before and after the market disruption.

The di scussi on presented above of the Agency's use of pesticide
monitoring data for dietary exposure assessnents provi des general
i nformati on and gui dance. However, it nust be enphasized that the
adequacy of the available data in dietary exposure assessnent nust be
determ ned on a case-by-case basis and requires considerabl e
scientific judgnent. The process of dietary exposure assessnment and
use of nonitoring data has evolved over the years and is continuing
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to evol ve as additional degradation, nonitoring, usage, and
consunption data becone avail able. Recent changes include the nove
towards determ ning anticipated residues rather than using tol erance
| evel s, and towards the devel opnent of nore statistically sound
approaches to use of these data. Statistical issues in the use of
exi sting nmonitoring data and in the design of nonitoring studies for
t he purpose of dietary exposure assessnent are presented in
Appendi ces 4 and 3 respectively.

2. Resi due Field Trial and Degradati on/ Reducti on Studies

As stated earlier, residue degradation/reduction
descri bes any change in the anount and/or conposition of the total
toxic residue fromharvest to consunption. Nunmerous factors mnust be
considered including field preparation, storage and transport (which
can occur at several points between harvest and consunption),
commerci al processing (bottling, canning, cooking, drying, shelling,
fractionation, extraction, deodorizing, and nmany ot her processes),
and hone preparation (peeling, washing, various types of cooking,
etc.). A comodity may follow any of several pathways between
harvest and consunpti on.

Resi due degradation/reduction, as defined here, has been
considered in a few instances in possible designs for a single study
to determ ne anticipated residues. Data for the separate conponents
(e.g. comrercial processing) are used frequently to determ ne
tol erances and anticipated residues. Descriptions of the major
resi due degradation/reduction processes used in determ ning
anti ci pated resi dues have been provided in Section V.D. (Comrerci al
Processing Studies), V.G (Residue Degradation/ Reduction Studies),
and VI.A (Anticipated Residue Determ nation: Sequence of Events in
Determ ning Dietary Exposure). Specific information regarding use of
these data, as well as a prelimnary discussion of the design of
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degradation studies, are presented bel ow.

The data the Agency uses nost frequently in determ ning
anticipated residues are field trial data, commercial processing
studi es, and feeding studies, as well as percent crop treated data.

The first step in anticipated residue determ nation by this
method is analysis of field trial data to determ ne an average or
residue (see Section IV) reflecting the regi stered use which woul d
| ead to the highest residues. These residue estinmates are determ ned
for each crop/comodity. Mre than one residue estimate my be
obtained for a particular crop if the crop is known to be treated in
different ways and if sufficient information is available to relate
the different pesticide use patterns and residues to different
resi due consunption by popul ati on subgroups. As discussed for
monitoring data, the analytical nmethod limt of quantitation (LOQ
can limt the useful ness of the residue data, particularly if all or
a large portion of the residues are not quantifiable. If the limt
of quantitation (LOQ is too high, estimated risks may be
unaccept abl e even assum ng non-quantifiable residues are at the LOQ
(or at 1/2 the LOQ.

The second step in this process is the incorporation of percent
crop treated data (for chronic risks only). The average residue
determined fromthe field trial data generally is multiplied by the
percent crop treated for each combdity to obtain a residue estinate
whi ch reflects an aggregate popul ati on exposure. Using percent crop
treated in a dietary exposure assessnent artificially "spreads" the
exposure over the entire U S. popul ation. Hi gher consunption of
treated commoditi es by sonme popul ati on subgroups is addressed
separately in the Dietary R sk Eval uation System (DRES), if adequate
data are avail able to nmake these evaluations. Chronic dietary
exposure anal yses generally are done using percent crop treated data
for two reasons. First, adequate pesticide usage data and
consunption data rarely are avail abl e which would all ow determ nation
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of dietary exposure to highly exposed subgroups. Secondly, since the
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regi stered uses leading to the highest residues are used to determ ne
aver age residues, conservatismalready is incorporated into the
antici pated residue determ nation. Conpounding the conservative
assunptions already incorporated into the toxicological reference

val ues and residues with the additional conservative assunption of
100% crop treated would lead to risk estimates which exaggerate the
aggregate U. S. population risk and would also |ikely exaggerate the
risks to many of the nore highly exposed popul ati on subgroups.

Percent crop treated data are used for raw and processed agri cul tural
coommodities as well as for animal feeds (prior to determ ning the
dietary burden for the animal). Two dietary burdens frequently are
calculated for dairy cattle reflecting animal consunption of (1) feed
itens which contain high residues but are fed only in limted

geogr aphical areas ("local mlk shed" diet), and (2) major feed itens
consuned in many parts of the country ("typical national diet"). Two
sets of average residues in mlk are cal cul ated which show average
resi dues which mght be found in particular localities as a result of
feedi ng hi gh-residue, locally-grown ani mal feeds which have limted

i nportance on a national basis, and national average residues |likely
to be found in aninmal commodities resulting fromfeeding cattle major
national feed itens. This approach is inportant for fresh mlk since
m |k generally is shipped short distances prior to consunption.

When a range of percent crop treated estimates is provided, the
hi ghest estimate (nbst conservative) is used.

The use of field trial/percent crop treated data does not
account for exposures frominported comodities. However, nonitoring
data are available from FDA and PDP for many conmodity/ pesticide
conbi nations. The issue of anticipated residue determ nation for
i nported commodities requires further discussion.

Storage stability data (frozen storage) are required in
tol erance petitions in order to assure that the pesticide residues in
crop sanples fromresidue field trials are stable for the | ength of
time that the sanples are stored prior to analysis. Sonme change in
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the quantity or conposition of the pesticide residue frequently is
seen during frozen storage. These data are used to correct the
results of the residue field trials for any possible degradation
during frozen storage.

Commerci al processing studies also are required in tol erance
petitions if residues could concentrate in processed fractions (see
Section V.D.). The average concentration/reduction factors are used.
The average factor is multiplied by the average of field trial
residues to estimate an antici pated residue for chronic risks.

O her types of studies have been used in determ ning anticipated
residues. The effects of washing, peeling, and trinm ng have been
i ncorporated into sonme dietary exposure assessnents. The effects of
fresh market processing (e.g., wax dips) have been considered. 1In
sonme cases, conversion of residues during cooking has been an issue
as in the cases of alar (UDWH) and EBDCs (ETU). Wen the degradation
product is nore toxic than the parent conpound, the Agency has used
100% conversion as the first approximtion of residues of the
degradation product on cooking. Reduction of residues on cooking has
al so been considered for sone comodities for which processing
studi es were avail abl e such as appl es and t onat oes.

Part of the difficulty in arriving at an accurate dietary
exposure estinmate for pesticide residues at the tine of consunption
is the variety of nmethods that may be used in food preparation and
the fact that very few cormmodities are eaten individually. For
exanpl e, soup and cake consist of a m xture of commodities.
Neverthel ess, information on the effect of trinmng, peeling,
washi ng, cooking (boiling, baking, frying) nmay be used in arriving at
anticipated residues. The information is nost useful if the studies
correspond to the appropriate DRES food forns.

For additional guidance regarding field trial, residue
degradation/ reduction, and processing studi es see OPPTS Test
Qui del i nes, Series 860 (EPA 712-C-96-169) and Appendi ces 4 and 5.
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