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allow reregistration. For uses that do not meet these criteria, a
registrant desiring to reregister a use may negotiate changes such
as lower application rates or longer restricted entry intervals
(REIs) for field workers in agricultural production. USEPA will
sometimes consider these proposed changes in its exposure
assessment; i.e., exposure estimates may not reflect current prod-
uct labels. Exposure assessments prepared by USEPA consider a
range of conditions, and post-application exposures are estimated
from the day of application through as many days as needed to
get acceptable risk estimates. USEPA may recommend changes
in some or all REIs based on these risk estimates. Diverse require-
ments and approaches to exposure assessment, such as those de-
scribed in this paper, can result in differing exposure estimates for
the same AI.

Exposure and risk assessments for endosulfan were released for
public comment by USEPA in November 2007 (USEPA, 2007a) and
by CDPR in January 2008 (Beauvais, 2008; Silva, 2008). USEPA
(2007a) was a revised risk assessment that incorporated data sub-
mitted in response to requirements in the Reregistration Eligibility
Decision (RED) released in 2002 (USEPA, 2002). Differences be-
tween the two agencies in reviewing toxicity data and identifying
hazards associated with endosulfan exposure, including ‘‘no ob-
served effect levels” (NOELs), are addressed by Silva and Beauvais
(2009). With regard to exposure and risk estimates calculated by
CDPR and USEPA, Silva and Carr (2009) compare endosulfan die-
tary assessments, and Beauvais et al. (2009) compare exposures
and risks associated with mixing, loading, and applying endosul-
fan. This paper discusses key differences between CDPR and USEPA
in reentry exposure estimates and CDPR’s estimates of endosulfan
non-dietary exposure to the public.
2. Endosulfan use

Endosulfan is a chlorinated insecticide and miticide that is used
on more than 50 crops in California, and on additional crops in
other states. Endosulfan formulations registered in California in-
clude an emulsifiable concentrate (EC) containing 34% AI and a
wettable powder (WP) containing 50% AI; other EC formulations
containing 9–24% endosulfan are registered by USEPA but are not
registered in California.

California requires reporting of all agricultural applications of
pesticides, as well as other applications made by a licensed appli-
cator. These data are collected in CDPR’s Pesticide Use Report (PUR)
database. Fig. 1 summarizes endosulfan use (reported in thousands
of pounds) in California over the 15-year interval 1993–2007. Dur-
ing that time, use peaked in 1994 at 477,187 lb (219,903 kg) then
Fig. 1. Endosulfan use reported in California from 1993 to 2007 (thousands of pound
decreased by nearly an order of magnitude, to 52,403 lb
(23,820 kg) in 2007. The majority of endosulfan use in this interval
was on tomatoes, lettuce, alfalfa and cotton; together, these crops
accounted for 84% of pounds applied in 2007. While remaining
fairly consistent on alfalfa, lettuce, and tomatoes, endosulfan use
on cotton has decreased in recent years, as fewer acres of cotton
have been planted in California (CDPR, 2006). During the interval
1993–2007, acres of cotton harvested ranged from a high of 1.2
million acres (490,000 ha) in 1995 to a low of 450,000 acres
(180,000) in 2007 (USDA, 1996, 2008).

Nationally, USEPA (2002) estimated endosulfan use to be about
1.38 million pounds (626,000 kg) annually. The top crops treated
with endosulfan in the US are cotton, tomatoes, pome fruits includ-
ing apples and pears, and potatoes. USEPA (2007c) estimated that
258,900 lb (117,400 kg) is applied each year to cotton, with use
in Arizona and California accounting for 54% of that amount. A total
of 106,500 lb (48,300 kg) is used annually on tomatoes; 88% of that
total is in Florida and California. An annual average of 104,100 lb
(47,200 kg) is applied to apples and pears, 71% of that is in Oregon,
Washington, and Idaho. Potatoes receive an average of 84,500 lb
(38,300 kg) of endosulfan, with 89% of use occurring in the North-
ern Plains states of Colorado, Minnesota, North Dakota, and Wis-
consin (USEPA, 2007c).
3. Exposure scenarios

In quantitative risk assessments prepared by CDPR and USEPA,
numerical risk estimates are calculated for each exposure scenario
from estimates of toxicity and scenario-specific exposure esti-
mates. An exposure scenario is a situation in which exposure
may occur, defined by combinations of factors such as product for-
mulation, use site, and specific activities. USEPA (2004) notes that,
‘‘[a]n exposure scenario generally includes facts, data, assump-
tions, inferences, and sometimes professional judgment about
how the exposure takes place.”

Only agricultural uses are allowed for endosulfan; in 2000,
USEPA canceled all residential uses at the request of the registrants
(USEPA, 2002). These cancellations are effective in California as
well, and risk assessments by CDPR and USEPA assume that all
exposures associated with endosulfan use occur during or follow-
ing agricultural applications.
3.1. Reentry scenarios

Following applications, field workers can potentially be exposed
to endosulfan when they enter fields or orchards that have been
s). Each point represents use reported throughout the state for a calendar year.
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(intermediate-term intervals, lasting from one week to one year),
annual, and lifetime exposures. Seasonal exposure is defined by
CDPR as a period of frequent exposure lasting more than a week
but substantially less than a year, whether the exposure is constant
or intermittent during the period. Annual exposure integrates all
exposure periods during the year (Beauvais, 2008). In addition to
short-term and seasonal exposures, CDPR estimated long-term
exposures (i.e., annual and lifetime) exposures, because no informa-
tion is available on exposure durations and over a year or multiple
years it is possible that reentry workers and bystanders can poten-
tially be repeatedly exposed. Although CDPR estimated the poten-
tial for lifetime exposures in its exposure assessment (Beauvais,
2008), as endosulfan is not a carcinogen the lifetime exposure esti-
mates were not used in the risk assessment (Silva, 2008).

Exposure durations considered by USEPA differed somewhat
from those considered by CDPR. USEPA defines short-term dura-
tions as 1–30 days, and intermediate-term durations as 1–
6 months. USEPA (2007a) estimated reentry exposures for both
short and intermediate-terms. Post-application (reentry) workers
were assumed by USEPA to be exposed continuously to endosulfan
for up to 6 months. CDPR assumed reentry exposure durations can
vary between crops in proportion to the length of the high-use
interval for each crop.
Fig. 2. Comparison of selected short-term reentry dermal risk estimates calculated
by USEPA and CDPR. Black bars represent ratios of Margins of Exposure calculated
by USEPA/CDPR. White bars represent ratios of dermal exposures calculated by
CDPR/USEPA. Gray bars represent the ratio of the ‘‘no observed effect level” or NOEL
(USEPA/CDPR).
5. Exposure and risk estimates for reentry scenarios

5.1. Timing of reentry

Table 2 lists days at which CDPR assumed reentry when esti-
mating short-term and seasonal exposures for each representative
scenario. In estimating short-term reentry exposures for its risk
assessments, CDPR assumes reentry at the expiration of the REI
for all activities except harvesting. The Worker Protection Standard
regulations prohibit work in fields during the REI that results in
contact with treated foliage, unless workers wear label-specified
protective equipment and clothing (Code of Federal Regulations,
Title 40, Section 170.112). Endosulfan product labels specify a
‘‘baseline” REI of 24 h, with extended REIs required on some labels
for specific crops such as sweet corn. However, California has a reg-
ulation that requires an REI of 2 days following endosulfan applica-
tions (California Code of Regulations, Title 3, Section 6772). For
crops with longer REIs specified on product labels, the longer REIs
must be observed.

Although harvesters are allowed to begin work at the expiration
of the REI, crops cannot be harvested until the pre-harvest interval
(PHI) has expired. The REI is based on worker safety, and is gener-
ally the time after which available residues on foliage are esti-
mated to be below levels that would result in unacceptable risk.
The PHI is based on pesticide residues in harvested crops, and is in-
tended to decrease risks from dietary exposure. Generally, the PHI
is longer than the REI, although in some crops treated with endo-
sulfan it is shorter or the same duration as the REI.

For representative crops where PHI 6 REI, harvesting was the
only representative activity assessed by CDPR. For crops with
PHI > REI, CDPR also included a second activity (e.g., scouting) to en-
sure that the scenario having the earliest reentry is assessed, and the
scenario having the highest exposure was then included in the risk
assessment. The earliest reentry is often associated with the highest
exposure. For most crops, hand harvesting is the activity having the
greatest contact with treated foliage, and can result in the highest
exposure potential. However, if harvesting occurs several days after
treatment (as required by a longer PHI), then less foliar residue is
available for transfer, which results in a lower exposure.

For seasonal and annual exposure durations, reentry workers
are expected to encounter a range of daily exposures (i.e., CDPR as-
sumes that with increased exposure duration, repeated daily expo-
sure at the upper-bound level is unlikely). In calculating seasonal
and annual exposure estimates, CDPR assumes that workers would
enter fields at some average time after the expiration of the REI or
PHI, in part because of how frequently specific activities generally
occur in the crops of interest (Spencer et al., 2006; UCCE, 2007).
Additionally, because there are a limited number of endosulfan
applications during intervals when workers are active in crops, it
is considered unlikely that workers would consistently reenter
soon after an application has occurred. Seasonal and annual expo-
sures were estimated at an assumed average reentry of REI (or PHI,
if longer than REI) plus 7–10 days (Beauvais, 2008).

In contrast to CDPR’s approach, USEPA estimates exposure in
daily increments over several days, usually from the day of appli-
cation (Day 0) until acceptable risk estimates are achieved (assum-
ing that exposures decrease with time post-application, which is
generally the case). When estimating harvester exposures, USEPA
does not consider the PHI, whereas CDPR assumes that harvesters
do not enter before expiration of the PHI.
5.2. Risk estimates: Margin of Exposure

Risk estimates are calculated by both CDPR and USEPA as Mar-
gin of Exposure (MOE) values; the MOE divides the NOEL by the
exposure estimate. Table 2 summarizes MOEs estimated by CDPR
for short-term and intermediate-term (seasonal) exposures for
each representative reentry scenario, along with MOEs calculated
by USEPA for the same post-application day. In all but four of the
15 scenarios in Table 2, short-term MOEs calculated by CDPR were
higher than those calculated by USEPA. The exceptions were citrus
scouting, cotton scouting, lettuce scouting, and cut flower harvest-
ing, in which MOEs calculated by USEPA ranged 1.5- to 4.5-fold
higher than MOEs calculated by CDPR. Fig. 2 summarizes ratios
of MOEs, exposure, and NOELs for these four reentry scenarios.
For cut flower harvesting, USEPA’s MOE on Day 2 is 1.5-fold greater
than CDPR’s, although CDPR estimated a lower exposure (the expo-
sure ratio was 0.8). The critical short-term dermal NOEL selected
by USEPA was 1.7-fold higher than the one used by CDPR, which
was sufficient to give a higher MOE for cut flower harvesting.

Fig. 3 displays ratios of seasonal (intermediate-term) MOE and
exposure for four scenarios in which MOEs calculated by USEPA
were 1.8- to 5.4-fold higher than MOEs calculated by CDPR. Two
of the scenarios in Fig. 3 had short-term risks summarized in
Fig. 2, cotton scouting and lettuce scouting; CDPR did not estimate
risks for the other two scenarios in Fig. 2 because endosulfan use is
infrequently reported on sweet corn and cut flowers. Two scenar-
ios, hand harvesting broccoli and peach thinning, were substituted
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exposure estimates to be health-protective. In the future, CDPR and
USEPA might require additional mitigation measures for endosul-
fan in response to the risks identified by the two agencies.

Because of additional legal mandates in California, CDPR in-
cluded exposures from airborne endosulfan and swimmer expo-
sures in its risk assessment. CDPR determined that risks to
bystanders adjacent to endosulfan applications raise potential
health concerns, and CDPR has listed endosulfan as a TAC.
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