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(USEPA, 2000c). The Federal Insecticide, Fungicide, and Rodenticide
Act FIFRA, 1997a requires that USEPA consider the risks and benefits
of food use pesticides in forming regulatory decisions. The FIFRA
risk/benefit analysis process was modified by the Food Quality Pro
tection Act of 1996 (FQPA; USEPA, 1997a), which amended both FIF
RA and the Federal Food, Drug and Cosmetic Act (FFDCA).

Endosulfan was determined by CDPR to have low no observed
effect levels (NOELs) in a rabbit teratology, a rat reproduction and
a chronic dog study (Silva and Beauvais, 2009). Since risk assess
ment incorporates both exposure and toxicity, the low NOELs sig
naled the potential for unacceptable dietary risks that could
require mitigation or cancellation of some food uses.

In 2002, the USEPA Re registration Eligibility Decision (RED,
USEPA, 2002a) used a 10x Safety Factor (SF) required under the
FQPA (1996) due to database uncertainties for endosulfan. This re
sulted in an unacceptable dietary risk for Children 1 6 years. The
FQPA and the amended FFDCA and FIFRA required stricter stan
dards for human health and environmental protection for pesticide
use (USEPA, 2009). Specifically, additional protection for infants
and children was required by the use of additional safety factors
in setting an exposure standard. The USEPA updated their dietary
risk assessment in 2007 after the database uncertainties for devel
opmental neurotoxicity (DNT; Gilmore et al., 2006) and subchronic
neurobehavioral toxicity (Sheets et al., 2004) studies were satis
fied. In this paper, the CDPR and USEPA dietary exposure assess
ments for endosulfan are compared (Carr, 1998; Carr, 2006; Silva,
2008; USEPA, 2002a, 2007). Dietary risk characterizations, as per
formed by each agency, are also presented.
2. Methods

2.1. CDPR exposure

2.1.1. CDPR residue database and exposure analysis
An acute and chronic dietary exposure assessment were con

ducted for ‘‘total endosulfan” (a and b isomers) and the main
metabolite, endosulfan sulfate (USEPA, 1997b), since the relative
toxicity of the isomers and the sulfate metabolite are similar. The
majority of the raw agricultural commodity (RAC) residue data
used for the 1998 CDPR endosulfan dietary exposure analysis were
obtained from the following sources: a) registrant commodity field
residue studies (Hinstridge, 1968) b) CDPR residue monitoring data
(CDPR, 1994, 1995, 1997), and c) USDA 1996 Pesticide Data Pro
gram (PDP) monitoring (USDA, 1994c, 1995,1998a).

There were extensive findings of total endosulfan residues de
tected on USEPA registered RACs in the CDPR market basket sur
veillance program during 1993, 1994 or 1995 (CDPR, 1994, 1995,
1997). The USDA has a multi residue screen analytical program
and the results for total endosulfan are reported in the PDP. The
PDP program targets RACs that are likely to be significantly con
sumed by infants and children.

The acute and chronic analyses were conducted at CDPR with
the Exposure 4TM and Exposure 1TM programs, respectively, from
the Technical Assessment Systems, Inc. EXTM dietary exposure soft
ware (TAS, 1996a,b). The Exposure 4TM program estimates the dis
tribution of user day (consumer day) acute exposure for the US
population and specific sub groups (TAS, 1996a). A user day is
any day in which at least one food from the label approved com
modities is consumed. Potential acute dietary exposures were esti
mated using the highest measured residue values, the 95th
percentile of all values, or the minimum detection limit (MDL)
for each commodity (TAS, 1996a; USDA, 1989 92). For commodi
ties with no detected residues a value equal to the MDL is assigned
to each commodity. When the residue values were derived from
monitoring programs, CDPR assumed that the data represent
high end dietary residue levels. When processing data were avail
able, residue levels for the RACs and related food forms were re
duced to account for the loss of residues due to washing and
other processing methods.

The Exposure 1TM program estimates the chronic (annualized)
average exposure for all members of a designated population
sub group (TAS, 1996b). Potential chronic dietary exposures were
estimated using the average measured residues of all values for
each commodity. For commodities with no detected residues a va
lue equal to one half (50%) the MDL is assigned to each commod
ity. When the residue values are derived from monitoring
programs, the assumption is that data represent annual average le
vel in the diet. If percent of the crop treated (%CT) data are avail
able, the average residue was further adjusted by this factor.

Endosulfan is also used seasonally in California. The TAS pro
gram does not perform a subchronic dietary analysis; therefore,
potential subchronic dietary exposures were estimated using
chronic exposure data (average measured residue values of all val
ues for each commodity). Alternatively, both the acute and chronic
dietary exposures were used as a bounding range to represent sea
sonal exposure. There are so many food uses for endosulfan that
the ‘‘chronic” exposure levels for spring, summer and autumn sea
sons and all seasons are very similar (0.19, 0.19, 0.21, 0.19 lg/kg/
day, respectively, with %CT; Silva, 2008) and do not vary as one
might expect if endosulfan had limited uses. The overall exposure
for the subchronic scenario would probably be closer to chronic
than acute because it is unlikely that a commodity would be con
sumed at the highest detected residues for the entire season. For a
shorter duration (e.g., 1 4 weeks), exposure may likely be closer to
the acute rather than the chronic values.

2.1.2. CDPR drinking water data
Endosulfan has been monitored over several years in both sur

face and ground water in California (detailed in Beauvais et al.,
2009b). To detect endosulfan in ground water, between 1986 and
2003 a total of 2758 well water samples collected in 48 California
counties (out of 58 counties total) were tested for the presence of
endosulfan and endosulfan sulfate (Schuette et al., 2003). Endosul
fan was detected in 10 samples, at concentrations ranging from
0.01 to 34.7 lg/L. However, all 10 detections were classified as
‘‘unverified,” because follow up sampling failed to detect endosul
fan or endosulfan sulfate. The lack of confirmed detections, along
with reported non detection of endosulfan residues in monitoring
of drinking water systems (USDA, 2003, 2004, 2005), indicate that
drinking water systems in California drawing from ground water
are not likely to be a source of human exposure to endosulfan (Fell
ers et al., 2004; Fleck et al., 1991; Gonzalez et al., 1987; Ross et al.,
1996, 1999, 2000; Troiano et al., 2001). Therefore, CDPR did not
incorporate drinking water into the dietary risk assessment.

2.1.3. Tolerances in California
The California Food Safety Act (California Assembly Bill 2161,

1989) requires that each specific commodity tolerance be evalu
ated individually. Tolerance is the maximum legal residue concen
tration of a pesticide allowed on RACs and processed foods. They
are established by the USEPA at efficacious levels for application
rate and frequency but not expected to produce deleterious health
effects in humans from dietary exposure (Federal Food, Drug, and
Cosmetic Act; FFDCA, Sections 408 409; USEPA, 1997a). For a pes
ticide that is used on numerous commodities, tolerance assess
ments are conducted for selected fruits and vegetables. Generally,
commodities are selected based on the potential for high levels of
exposure. For endosulfan, the tolerances for the following 20 RACs
were evaluated: carrot, sweet corn, lettuce, milk fat, potato, straw
berry, beans, cauliflower, spinach, peas, peach, summer squash,
pear, pineapple, winter squash, broccoli, apple, melon, tomato
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and grape (Carr, 2006). These RACs were selected because of high
consumption rates or high tolerance values.

2.2. USEPA 2007 exposure

2.2.1. USEPA residue database and exposure analysis
The 2002 USEPA dietary exposure assessment used the Dietary

Exposure Evaluation Model (DEEMTM) software (USEPA, 2002b). In
2007, the USEPA updated their 2002 dietary assessment with new
acute and chronic dietary assessments (USEPA, 2007; Wilbur,
2007). The DEEM software with the Food Commodity Intake Data
base (DEEM FCIDTM, Version 2.03) which incorporates consumption
data from USDA’s Continuing Survey of Food Intake for Individu
als (CSFII) from 1994 to 1996 and 1998, was used (USDA, 1994
1998; Exponent, 2004a,b). The same input files (PDP monitoring
data, FDA data, %CT data, and drinking water exposure data) from
the 2002 dietary assessment were used in this new analysis, while
incorporating the FQPA SF change from 10x to 1x (USEPA, 2002c,
2007). A probabilistic refined (Tier 3 acute Monte Carlo) dietary
exposure assessment was used to estimate dietary risks as in the
2002 assessment (USEPA, 2000a,b). The 1994 96, 98 data are based
on the reported consumption of more than 20,000 individuals over
two non consecutive survey days (USDA, 1994 1998). Risks to pop
ulation sub groups from pesticide exposures are based on patterns
of that sub group’s food consumption and water intake. CSFII data
are analyzed and categorized by population sub groups based on
age, season of the year, ethnic group, and region of the country.

For acute dietary exposure assessments with DEEMTM, individual
one day food consumption data are used and the amounts con
sumed of each food item can either be multiplied by a residue point
estimate and summed to obtain a total daily pesticide exposure for a
deterministic exposure assessment, or ‘‘matched” in multiple ran
dom pairings with residue values and then summed in a probabilis
tic assessment. USEPA uses a ‘‘per capita” consumption estimate that
includes both consumers and non consumers, whereas CDPR uses
‘‘user day” consumption (active food consumption, including only
people who consume at least one of the commodities of interest).
When the active consumer percentage is high (relative to per capita
consumption), the variability of consumption is subsequently lower.
If variability is low, then the comparative survey commodity con
sumption rates are therefore more reliable. Per capita consumption
values can result in lower dietary exposure in individual commodi
ties when compared with active consumers (user days). The differ
ences between per capita and active consumer consumption
results become less relevant in frequently eaten, ubiquitous com
modities (i.e., corn and other grain products, milk, soybean, and re
fined sugar). Therefore, there is no difference between the intake
rate of per capita and active consumers (user days) when specific
consumption approaches 100% of the total person days.

For chronic exposure assessment with DEEMTM, consumption
data and residue data are averaged for the entire US population
as well as within population sub groups. An estimate of the residue
level is also averaged for each food (whole food, e.g., apple; food
form, e.g., apple juice) on the food commodity residue list and then
is multiplied by the average daily consumption estimate for a par
ticular food item that will give a residue intake estimate. This res
idue intake estimate is summed with the residue intake estimates
for all other RACs or food forms on the commodity residue list to
give the total average estimated exposure (USEPA, 2000a).

2.2.2. USEPA drinking water data
Drinking water residues were not directly incorporated into the

2002 dietary assessment (USEPA, 2002a). At that time, ‘‘drinking
water levels of comparison” (DWLOC) were compared to the ‘‘esti
mated environmental concentrations” (EEC). In 2007, a screening
level assessment of drinking water was performed for endosulfan
and residues were determined (Khan, 2002; Wilbur, 2007). The
Environmental Fate and Effects Division (EFED) conducted a re
vised Tier II assessment that calculated EECs in surface water for
total endosulfan (a and b isomers and endosulfan sulfate). Water
residues, added into DEEM FCIDTM program were categorized as
‘‘water, direct, all sources” and ‘‘water, indirect, all sources.”

2.2.3. Tolerances for USEPA
In 1996, the FQPA amended the overall regulation of pesticide

residues under FIFRA (USEPA, 1998, 2002c) and FFDCA (USEPA,
2009). Existing tolerances are required to be health based, explic
itly with respect to infants and children, using the same standards
to establish new tolerances for RACs and their processed forms.
Therefore, under FQPA, USEPA was required to reassess all existing
endosulfan tolerances using a tiered approach, for all active label
approved commodities (USEPA, 2000a).

2.3. Residue adjustments: percent of the crop treated (%CT)

Both CDPR and USEPA use %CT with chronic dietary exposure
analysis (CDPR, 2006a; USEPA, 2000a). %CT is an estimate of the
acreage under cultivation that is actually treated with a pesticide
at least once (e.g., %CT = percentage of total acreage for that crop).
The default assumption is that 100% of any crop is treated with a
given pesticide. When quality data are available indicating less
than 100% is treated, then the default need not be used. The actual
%CT varies annually. Using the existing %CT data, it is reasonable to
revise the 100% treated assumption downward using more realistic
pesticide treatment rates and use patterns. Commodities that used
residues data from field trial studies obtained from the registrants
(FMC, 1967; Gowan, 1967; Hinstridge, 1968) or state and federal
monitoring data in the chronic dietary exposure assessment were
considered for %CT adjustments (CDPR, 1994, 1995, 1996a,b,
1997; USDA, 1994a,b, 1996a,c, 1997).

2.4. Highest measured acute residue values: CDPR versus USEPA

With the acute dietary exposure analysis for endosulfan, CDPR
used the 95th percentile residue values. This was because CDPR
used a deterministic approach by selecting values (point estimates)
from the commodities with the highest residues or tolerances.
Since the highest residue values were selected on an individual
commodity basis, CDPR considered the 95th percentile to be health
protective (CDPR, 2009). USEPA sometimes chooses to use a deter
ministic approach at the 95th percentile for an unrefined (Tier 1 or
Tier 2) dietary assessment; however, they used a more refined (Tier
3) method.

USEPA estimates consumption by use of DEEM FCIDTM software
where pesticide residue values are randomly paired with the CSFII
consumption data. The 99.9th percentile of exposure represents
the joining of each individual’s consumption data set with ran
domly selected residue values from the residue data set as esti
mated by probabilistic (e.g., Monte Carlo) analysis (USEPA,
2000b). Due to the randomness of the probabilistic methodology,
use of the highest (99.9th) percentile is considered health protec
tive, because unlike in the deterministic estimate you are sampling
from the full range of values. CDPR sometimes uses a probabilistic
approach (e.g., Monte Carlo) at the 99.9th percentile for a refined
dietary assessment. This approach, however, was not selected by
CDPR for endosulfan since dietary exposure estimates were accept
able without further refinement.

2.5. Risk characterization methods for CDPR

In the assessment of single route of exposure, the risk for
non oncogenic effect was characterized in terms of a margin of
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acute, subchronic and chronic studies (Silva and Beauvais, 2009;
USEPA, 2007) selected by each agency were used to calculate the
risk characterization values. An MOE (MOE = NOEL - Exposure)
of 100 or greater, based on UFs (10x interspecies x 10x 
intraspecies = 100) is generally accepted by CDPR to be health
protective. USEPA characterizes risk by use of the %PAD
(%PAD = [Exposure - PAD] x 100); PAD = RfD [NOEL - UF 10x 
interspecies, 10x intraspecies] - FQPA SF). The %PAD must be
less than 100% of the PAD in order to be health protective,
according to USEPA. For CDPR, the acute calculations were done
with a NOEL of 0.7 mg/kg/day and for USEPA the NOAEL was
1.5 mg/kg/day (Silva and Beauvais, 2009). Although the acute
NOELs were different, the USEPA added drinking water in addi
tion to food exposures, and USEPA used the 99.9th percentile
for residue values (USEPA, 2000b; compared with 95th percen
tile for CDPR; CDPR, 2009), the acute MOEs and the %aPADs
were within health protective benchmarks for all population
sub groups examined by each agency (Tables 1 and 2). For the
calculation of MOEs, CDPR has selected the 95th percentile of
the user day exposure levels for each population sub group as
the default upper bound of exposures. USEPA assessment is gen
erally based on per capita, rather than user days as practiced by
CDPR.

Despite there not being a significant variation in seasonal expo
sure to endosulfan, subchronic MOEs were calculated due to its use
on a seasonal basis in California. All of the subchronic MOEs, calcu
lated with a NOEL of 1.18 mg/kg/day and the chronic dietary resi
due data (Silva and Beauvais, 2009), were greater than 100 and,
therefore, in a health protective range (Table 1).

CDPR and USEPA had chronic NOELs that were similar (CDPR
NOEL = 0.57 mg/kg/day; USEPA NOAEL = 0.6 mg/kg/day; Silva and
Beauvais, 2009). MOEs (>100) and %cPAD (<100% cPAD) were with
in health protective levels (Table 2).

USEPA calculated %PAD for drinking water and, while drinking
water exposure residues were higher than dietary, the risk associ
ated with the combination of dietary plus drinking water residues
did not exceed the level of concern. As a result of the combined
exposure, the risk did not exceed the USEPA level of concern
(<100% of the PAD) for all acute and chronic subpopulations.
6. Conclusions

CDPR and USEPA initially performed dietary exposure assess
ments for endosulfan in 1998 and 2002, respectively. Results of
the USEPA dietary assessment showed a dietary exposure to be
150% of the aPAD (FQPA SF = 10x due to database uncertainty)
for the population sub group ‘‘Children 1 6 years” and was above
the LOC (USEPA, 2002a). USEPA thus required the registrants to
satisfy the database uncertainties by performing a subchronic
neurotoxicity study (Sheets et al., 2004) and a DNT study (Gilmore
et al., 2006). After receipt of the required studies, CDPR re evalu
ated their dietary risk assessment performed in 1998 and the
USEPA performed a new dietary risk assessment for endosulfan
(using different software: DEEM FCIDTM and adding drinking water
and food + drinking water residues). The MOEs generated by CDPR
were all greater than 100 and the USEPA %PAD values for all pop
ulation sub groups were less than 100% LOC. Therefore, at the die
tary exposure levels analyzed for each agency, endosulfan dietary
risk was characterized as within the health protective benchmark
goals.
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