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I. SUMMARY
Introduction:

This report evaluates the potential for endosulfan exposure, and includes: 1) a review of the
available scientific evidence on a-endosulfan, -endosulfan, and endosulfan sulfate regarding their
physical properties, 2) and an occupational, bystander and dietary health risk assessment for technical
endosulfan as currently used in California.

Endosulfan (6, 7, 8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, 9-methano-2, 4,
3-benzodioxathiepin-3-oxide) is a pesticide, belonging to the chemical family of organochlorines, sub!|
class chlorinated cyclodienes, and containing only one double bond. It is used to control more than
100 different insect pests (aphids, leathoppers, borers, worms etc.) that infest a large number of crops
in California. It serves as a contact and stomach insecticide for more than 60 food and non-food crops
but has proven to be extremely toxic to fish and other aquatic organisms. In California, the food crops
are primarily grapes, melons, lettuce and tomatoes, as well as cotton, both a food (cotton seed oil) and
a non-food crop. Patented in 1956, it is usually included among pesticides of the “chlorinated
hydrocarbons of the cyclodiene group.” CAS classifies it as a “dioxathiepin.”

Environmental Fate:

Endosulfan hydrolysis increases with increased pH, binds tightly to some soils and is not
mobile in soil. Surface and well water have not been sampled since 1996, as endosulfan is not
considered to be a potential drinking water contaminant. Air monitoring shows that endosulfan can
volatilize from water, soil and plant surfaces for 1 to 11 days post application. Endosulfan is
translocated to roots after application to leaves and is metabolized within the plant. Bioaccumulation
occurs in both aquatic (mussels, fish, shrimp, algae) and terrestrial (mosquito, snail) wildlife.

Pharmacology:

The majority of endosulfan, regardless of exposure route, is excreted rapidly in feces, with
virtually no retention in tissues, despite the lipophilicity of endosulfan and its primary metabolite,
endosulfan sulfate. Enterohepatic circulation, conjugation and elimination in the urine, is not a major
route for endosulfan metabolism. At 120 hours, 88% of a-['*C]endosulfan and 87% of B—[MC]
endosulfan had been eliminated. The default policy for DPR is that if oral absorption is 80% or
greater, the absorption is assumed to be 100%. After endosulfan was dermally administered to rats,
within 5 days 47.3% of the dose was absorbed and 95% of the absorbed material was eliminated.
Fatty tissues had the highest endosulfan concentrations after dermal treatment. After oral treatment in
rats, liver and kidney were the sites of greatest endosulfan concentration. These organs are likely the
primary sites of biotransformation, since their weights increase after treatment, as do the
concentrations and activities of xenobiotic metabolizing enzymes such as P450s and glutathione-
transferases.
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Biotransformation:

Endosulfan modifies the antioxidant enzymes superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPX) and glutathione (GSH) in rat liver, lung and erythrocytes when
administered via aerosol, thereby potentially contributing to oxidative stress in some tissues.

Stereoselective endosulfan sulfate formation from human recombinant P450s showed that o[
endosulfan is mediated by CYP2B6, CYP3A4 and CYP3AS5 and B-isomer by CYP3A4 and CYP3AS.

Endosulfan affected glutathione (GSSG), glutathione peroxidase (GPX), reductase (GTR) and
S-transferase (GST) activities. GSSG and GPX were increased, and GTR and GST were decreased
after treatment.

Figure 1. Proposed Metabolic Pathway in Rat and Sheep for Endosulfan (Dorough, et al., 1978;
Gorbach et al., 1968; Bebe and Panemangatore, 2003; Lee et al., 2006) Phase I reactions on
endosulfan are performed with P450s: CYP2B6, CYP3A4 & CYP3AS; Phase II reaction is with GST;
Other enzymes involved with endosulfan metabolism are antioxidants: SOD, GPX and CAT
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Toxicology:

NEUROTOXICITY: The mode of action of endosulfan is to bind and inhibit y
-amino-butyric acid (GABA)-gated chloride channel receptor, thereby inhibiting GABA-induced
chloride flux across membranes (Casida and Lawrence, 1983; Abalis et al., 1986; Ffrench-Constant,
1993; Sutherland et al., 2004). Neurotoxicity is the primary effect observed both acutely and
chronically in both humans and animals (where clinical signs were recorded). Documented human
data have shown the central nervous system to be the major target of endosulfan action. Endosulfan is
a strong neurotoxin in animals (rats, dogs, mice, cows, cats, goats and sheep) as well as in humans.

ENDOCRINE DISRUPTION: Although endosulfan has effects in the male reproductive
system as has been described in this document, doses that would protect for neurotoxicity and other
systemic effects would also protect for endocrine disruption (observed only at higher doses). The
USEPA has revised their position on endosulfan as an endocrine disruptor and on the use of FQPA
safety factors such that the FQPA SF for endosulfan is currently equal to 1 (USEPA, 2007).
Additionally, while there were no inhalation studies performed where fetuses, pups or neonates were
exposed, all data from the acceptable rat inhalation study indicated that young adolescent/adults (age
7-9 week) show systemic toxicity in the absence of histopathological effects to any reproductive
organs in either sex. The No Observed Effect Level (NOEL) for inhalation (0.194 mg/kg/day) is
considered protective of all age groups and data do not warrant the use of additional uncertainty factors
at this time.

TARGET ORGANS: The nervous system, liver and kidney are primary target organs.
Endosulfan induces xenobiotic metabolizing enzymes.

In FIFRA Guideline acceptable animal studies, endosulfan did not result in developmental or
reproductive effects in adults, fetuses, neonates or young adults.

Hazard Identification:

For regulatory purposes under SB950 it is necessary for DPR to designate which studies are
acceptable according to FIFRA Guidelines. Studies that are not acceptable, but contain useful
information or are studies from the open literature are considered to be supplemental and will be so
designated in the toxicity section.

ACUTE TOXICITY:

a) Acute Oral NOEL

The adverse effects observed in laboratory animals following acute oral exposure to endosulfan
include clinical signs of neurotoxicity, deaths, neurobehavioral effects, reductions in body weight, and
increased gross and histopathological effects. The possible acute oral effects from endosulfan included
effects observed in the LDs¢/LCsg studies and in a rabbit developmental study. The effects observed in
the LDsoLCs studies included death, clinical signs, and liver, kidney, intestine, lung and adrenal
toxicity. Liver changes were a granular-appearance, degeneration of hepatocytes with foamy
cytoplasm and bile duct proliferation. Kidneys appeared congested and proximal convoluted tubules
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were necrotic and desquamated. Adrenal cortex showed swollen foamy cytoplasm, with eccentric
nuclei. Congested lungs containing hemorrhagic areas were observed, along with irritation of the
small and large intestine. Clinical signs were increased preening, salivation, excessive masticatory
movements, lacrimation, exophthalmia, hyperresponsiveness to sudden sound and tactile stimuli,
hyperexcitability, dyspnea, decreased respiration, ataxia, depression of righting reflex, discharge from
eyes, nasal discharge, sprawling of the limbs, decreased reflexes (placement, pain, corneal, pupillary
light, righting, startle, paw, cutaneous) and tremors, tonic and clonic convulsions and death.

The acute oral effects observed in a developmental toxicity study performed in the rabbit,
included maternal signs within the first day of treatment (in the absence of fetal effects). Various
clinical signs were observed in dams/does, including abortions, phonation, coughing, cyanosis,
convulsions/ thrashing, noisy/rapid breathing, hyperactivity, salivation, and nasal discharge and death
(Nye, 1981). Clinical signs began on gestation day 6 (day 1 of treatment) at 1.8 mg/kg/day. In
particular, hyperactivity was observed only at 1.8 mg/kg/day. The NOEL for this study was 0.7
mg/kg/day. Similar effects were observed in 2 rangefinding studies also performed in pregnant New
Zealand rabbits (Fung, 1981a, b). In these studies the LOELs were 1.0 mg/kg/day, based on
neurotoxicity and deaths beginning day 8 of gestation (treatment day 2). There were no major
deficiencies in this study and it provided the lowest acute oral NOEL for evaluating exposure and to
calculate the MOE for potential acute single-day (non-inhalation) human exposures to endosulfan.

b) Acute Dermal NOEL

There were no FIFRA Guideline acceptable studies nor were there acceptable studies available
in the open literature for determination of an acute dermal NOEL with endosulfan technical.
Therefore, the oral acute NOEL (0.7 mg/kg) was used for determinations of MOEs for acute dermal
occupational exposure and for swimmer exposure in surface water.

¢) Acute Inhalation NOEL

An acceptable acute inhalation LCsy exposure study was performed but did not achieve a
NOEL. However an acceptable subchronic rat inhalation study with a NOEL of 0.0010 mg/L (0.194
mg/kg/day) was used to calculate the potential for acute single-day inhalation exposure to workers, and
for exposure to endosulfan for bystanders (Hollander et al., 1984). In this study, endosulfan was
administered by aerosol (nose-only) for 21 days at 6 hours per day, followed by a 29-day recovery.
The NOEL of 0.194 mg/kg/day is lower than the oral NOEL of 0.7 mg/kg/day from the rabbit
developmental study and more importantly, it is route-specific. The study was therefore selected as the
definitive study for the critical inhalation NOEL of 0.0010 mg/L (0.194 mg/kg/day) and a LOEL of
0.0020 mg/L (0.3873 mg/kg/day). This NOEL was used to estimate the MOE (MOE) for acute
inhalation (occupational and (non-occupational) bystander exposure).

SUBCHRONIC TOXICITY:

a) Subchronic Oral NOEL

For the definitive subchronic oral NOEL a rat dietary reproduction study was selected. In this
study parental effects were observed after an exposure of 24 weeks throughout premating, mating,
gestation, lactation and weaning for 2 generations (Edwards et al., 1984). The oral, systemic NOEL
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was 1.18 mg/kg/day based on increased relative liver and kidney weights, decreased food
consumption, and decreased body weights. The NOEL was used to estimate the subchronic dietary

exposure to endosulfan.

b) Subchronic Dermal NOEL

There were no FIFRA Guideline acceptable studies nor were there acceptable studies available
in the open literature for determination of a subchronic dermal NOEL with endosulfan technical.
Therefore, the oral rat reproduction NOEL (1.18 mg/kg/day) was used for determinations of MOEs for
seasonal dermal occupational exposures and for exposures to swimmers in surface water.

¢) Subchronic Inhalation NOEL

The definitive study for subchronic inhalation exposure was a study performed in rat, where
endosulfan was administered by aerosol (nose-only) for 21 days at 6 hours per day, followed by a 29
day recovery (Hollander et al., 1984). The NOEL for inhalation was 0.0010 mg/L based on
emaciation, pale skin, squatting position and high-legged position, decreased bodyweight gain (not
statistically significant) and food consumption, increased water consumption occurring in one high-
dose male, and clinical chemistry parameters (reversed during recovery). This study was acceptable
according to FIFRA Guidelines and was the only study available for evaluation of endosulfan exposure
by inhalation. It was therefore selected as the definitive study for the critical inhalation NOEL of
0.0010 mg/L (0.194 mg/kg/day) to estimate the MOE for seasonal (non-occupational) bystander
exposure.

CHRONIC TOXICITY:

a) Chronic Oral NOEL

Chronic dietary endosulfan exposure to dogs showed that neurotoxicity was the most sensitive
endpoint for chronic oral endosulfan toxicity. The NOEL was 0.57 mg/kg/day for males and 0.65
mg/kg/day for females, based on clinical signs of violent contractions of the upper abdomen and
convulsive movements, extreme sensitivity to noise, frightened reactions to optical stimuli and jerky or
tonic contractions in facial muscles, chaps and extremities and impairment of the reflex excitability
and postural reactions (Brunk, 1989). It was necessary to sacrifice some of the dogs prematurely due
to the clinical signs of neurotoxicity. In addition, body weights and food consumption were
decreased. This study was acceptable according to FIFRA Guidelines and the NOEL of 0.57 was used
to determine MOE for both dietary and worker exposure.

b) Chronic Dermal NOEL

There were no FIFRA Guideline acceptable studies nor were there acceptable studies available
in the open literature for determination of an chronic dermal NOEL with endosulfan technical.
Therefore, the procedure is to use the chronic oral NOEL in dog (0.57 mg/kg/day) for determinations
of MOEs for chronic dermal occupational exposures and for exposures to swimmers in surface water.
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c) Chronic Inhalation NOEL

An acceptable chronic inhalation exposure study was not available either from the open
literature or from studies submitted by the registrants to obtain a chronic inhalation NOEL. Therefore,
an acceptable subchronic rat inhalation study with a NOEL of 0.0010 mg/L (0.194 mg/kg/day) was
used to calculate the potential for chronic inhalation exposure to workers, and for exposure to
endosulfan for bystanders (Hollander et al., 1984). In this study, endosulfan was administered by
aerosol (nose-only) for 21 days at 6 hours per day, followed by a 29-day recovery. The NOEL for
inhalation was based on emaciation, pale skin, squatting position and high-legged position, decreased
bodyweight gain and food consumption, increased water consumption, and clinical chemistry
parameters (reversed during recovery). A 10x uncertainty factor for extrapolation from subchronic to
chronic was added to the NOEL of 0.194 mg/kg/day to give a final critical Estimated No Effect Level
(ENEL) of 0.0194 mg/kg/day. This dose is lower than the chronic oral ENEL of 0.57 mg/kg/day from
the chronic dog dietary study and more importantly, it is route-specific. The study was therefore
selected as the definitive study for the critical NOEL with 0.0194 mg/kg/day. This NOEL will be used
to estimate the MOE for chronic occupational and (non-occupational) bystander exposure.

GENOTOXICITY, ONCOGENICITY: Hepatocyte gap junctional intercellular
communication was inhibited by endosulfan, as well as by the sulfate, lactone and ether metabolite.
Gap junctional intercellular communication was also inhibited by both a- and B - isomers in primary
Sprague-Dawley rat hepatocytes, as well as WB-F344 rat liver cell lines. While gap junctional
intercellular communication might be considered to be a tumor promotional event, all studies reporting
this effect were performed in vitro. In studies performed in vivo there has been no evidence to indicate
that endosulfan is a tumor promotor.

For genotoxicity, numerous studies have been performed in bacteria, yeast, mammalian cells in
culture and in vivo in laboratory animals. Both positive and negative results have been reported.
However, in order to identify a positive effect in vivo, animals were treated at doses that exceed the
maximally tolerated dose (MTD). Mortality would occur at the MTD thereby preventing tumor
development through early death.

When considering the results of all available in vivo studies performed in rats and mice, there is
insufficient evidence indicating endosulfan is oncogenic in the studies conducted to date. There were
acceptable studies with well designed, peer reviewed protocols performed in rat (104 week
chronic/oncogenicity) and in mouse (18 month) that resulted in no indication that endosulfan is
oncogenic. Endosulfan is categorized as “A4” (not classifiable as a human carcinogen) by the
American Conference of Governmental Industrial Hygienists (Substances and Physical Agents and
Biological Exposure Indices, Cincinnati, OH, 2005). USEPA states: "Cancer Determination: The
carcinogenicity issue has been considered by the Health Effects Division--Cancer Peer Review
Committee. The Committee agreed that 'there was no evidence of carcinogenicity' for endosulfan"
Endosulfan is placed in Group E: Evidence of non-carcinogenicity for humans (Revision of
Occupational and Residential Exposure/Risk Assessment for the Endosulfan Reregistration Eligibility
Decision Document (RED); Revised; Docket number: EPA - HQ- OPP- 2005 - 0459). The Canadian
Preliminary Risk and Values Assessment for Endosulfan states “Endosulfan was not carcinogenic in
mice or rats and was not genotoxic,” (PMRA, 2007).
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Exposure Assessment:

Assumptions for all exposure scenarios, unless otherwise indicated, were 47.3% dermal
absorption, based on a rat study (Craine, 1988), a 70 kg body weight (Thongsinthusak et al., 1993), and
inhalation absorption of 100% (USEPA, 2001b).

OCCUPATIONAL EXPOSURE ASSESSMENT:

e Acute, short-term exposures: For short-term exposures, DPR estimates the highest exposure an
individual may realistically experience during or following legal endosulfan uses. For this
“upper bound” of daily exposure the estimated population 95" percentile of daily exposure is
used. A higher percentile is not used because the higher the percentile the less reliably it can be
estimated and the more it tends to overestimate the population value (Chaisson et al., 1999).

e Scasonal (1 week to 1 year) and annual (1 year): To estimate seasonal and annual exposures, the
average daily exposure is of interest because over these periods of time, a worker is expected to
encounter a range of daily exposures (i.e., DPR assumes that with increased exposure duration,
repeated daily exposure at the upper-bound level is unlikely). To estimate the average, DPR
uses the arithmetic mean of daily exposure (Powell, 2003). In most instances, the mean daily
exposure of individuals over time is not known. However, the mean daily exposure of a group
of persons observed in a short-term study is believed to be the best available estimate of the
mean for an individual over a longer period.

e PHED Data (short-term, seasonal and annual): Although no acceptable studies were available in
which handler exposure to endosulfan was monitored, one acceptable study was submitted in
which dermal and inhalation exposure of airblast applicators to the surrogate compound,
carbaryl, was monitored (Smith, 2005). This study provided acceptable data for estimating
exposure of airblast applicators driving open-cab tractors. Carbaryl was applied in three orchard
crops (peaches, apples, and citrus) in three states (Georgia, Idaho, and Florida). With the
exception of airblast applicators and handlers dipping nursery stock, exposure estimates were
derived using the Pesticide Handler Exposure Database (PHED, 1995).

When using PHED data to estimate short-term exposure, DPR uses the 90% upper confidence
limit (UCL) on the 95" percentile. The UCL is used to account for some of the uncertainty inherent in
using surrogate data and to increase the confidence that the exposures are not underestimated.

When using PHED data to estimate seasonal or annual exposure, DPR uses the 90% UCL on the
arithmetic mean. The 90% UCL is used for the reasons listed in the previous paragraph. As with
short-term exposure estimates based on PHED subsets, a multiplier corresponding to the median
sample size over body regions is used. If the median sample size is greater than 15, the multiplier is 1
(Powell, 2002).

PHED data from the PUR also were used to estimate intervals for seasonal and annual
exposures. However, PUR data show that in many parts of the state and in many crops endosulfan use
does not occur throughout the year, and that at other times relatively few applications are made. It is
reasonable to assume that an individual handler is less likely to be exposed to endosulfan during these
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relatively low-use intervals. Thus, rather than assume that handlers are exposed throughout the year,
annual use patterns are plotted based on monthly PUR data from one or more counties with the highest
use. Annual exposure to endosulfan is assumed to be limited to the months when use is relatively high
(defined as 5% or more of annual use each month). The occupational exposure values reported below
are for total (dermal + inhalation), when applicable, for STADD, SADD and AADD.

USEPA (2002b) assumed that handler exposure durations would only be one day to one month.
The basis for this assumption was not explained.

AERIAL AND HIGH ACRE AERIAL APPLICATIONS (HAA): STADD for aerial and
high-acre aerial applications ranged from 0.185 mg/kg/day (aerial M/L-WP/WSP) to 5.40 mg/kg/day
(HAA M/L-WP). SADD exposure values ranged from 0.034 (aerial M/L-EC) to 1.32 mg/kg/day
(HAA M/L-WP). AADD values ranged from 0.01 mg/kg/day (aerial M/L-EC) to 0.298 mg/kg (HAA
M/L-WP). Mitigation measures proposed by USEPA (2002) would require all WP to be packaged in
WSP.

AIRBLAST, GROUNDBOOM (GB) AND HIGH-ACRE GROUNDBOOM (HAGB):
STADD for airblast, GB and HAGB applications ranged from 0.021 mg/kg/day (airblast M/L
WP/WSP) to 0.188 mg/kg/day. SADD exposure values ranged from 0.005 mg/kg/day GB applicator
to 0.088 mg/kg/day (GB M/L WP). AADD values ranged from 0.001 mg/kg/day (airblast M/L EC and
WP/WSP) to 0.037 mg/kg/day (GB M/L WP). There were no measurements for seasonal and annual
exposure estimates for HAGB.

HANDHELD EQUIPMENT: PHED data were used in exposure estimates for handlers
applying endosulfan with a backpack sprayer, and both high and low pressure handwands. High and
low-pressure handwands can be used to apply endosulfan to the same crops as backpack sprayers. Due
to infrequent use, seasonal and annual exposures to endosulfan are not anticipated to occur by nursery
stock dip, and only short-term exposures were estimated. STADD exposure estimates range from
0.00003 mg/kg/day (Dip, M/L-EC) to 41.4 mg/kg/day (Dip applicator). SADD exposures range from
0.003 mg/kg/day (LPHW M/L-EC) to 0.153 mg/kg/day (HPHW M/L/A) and AADD ranges were from
0.0005 mg/kg/day (LPHW M/L-EC) to 0.026 mg/kg/day (HPHW M/L/A).

REENTRY EXPOSURE: Representative exposure scenarios for reentry workers were selected
as described in the document provided by the DPR Worker Health and Safety Branch (Beauvais,
2008). No exposure data were available for workers reentering crops treated with endosulfan.

Because of this, exposures of workers reentering crops treated with endosulfan were estimated from
dislodgeable foliar residue (DFR) values and from transfer coefficients (TCs) from studies with
surrogate chemicals (residue transfer assumed not chemical-specific) (Beauvais, 2008).

Most reentry activities are not expected to result in pesticide exposure throughout the year.
Annual exposure to endosulfan is assumed to be limited to the months when use is relatively high
(defined as 5% or more of annual use each month). It was assumed that scouting occurred after all
applications were completed.
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STADD for reentry exposures ranged from 0.009 mg/kg/day (almond, thinning and ornamental
plants, hand harvesting) to 0.533 (sweet corn, hand harvesting); SADD reentry exposures ranged from
0.004 mg/kg/day (potato, scouting; lettuce, scouting) to 0.141 mg/kg/day (grape, cane turning) and for
AADD, ranges went from 0.001 mg/kg/day (cucumber, hand harvesting) to 0.047 mg/kg/day (grape,
cane turning).

BYSTANDER EXPOSURES: Application site air monitoring detected endosulfan,
suggesting that the public may be exposed to endosulfan in air. Individuals might be exposed to
endosulfan if they are working adjacent to fields that are being treated or have recently been treated
(bystander exposure). Public exposure to airborne endosulfan was estimated based on monitoring
studies of endosulfan at application sites.

e Bystanders at application sites: STADD for bystanders was 0.0016 mg/kg/day for infants and
0.00076 mg/kg/day for adults. Seasonal ADD estimates for bystander exposures to endosulfan
were 0.00056 mg/kg/day for infants and 0.00027 mg/kg/day for adults. Annual ADD estimates
for bystanders were 0.000047 mg/kg/day for infants and 0.000022 mg/kg/day for adults.

Water

SURFACE WATER: Historically, endosulfan has been detected numerous times in
California surface waters. Endosulfan sulfate has been detected more frequently in surface water
samples than a- or B-endosulfan, and generally at higher concentrations. Endosulfan residues have
been detected in California surface waters in the Central Valley (Ross et al., 1996 and 2000) and in the
Sierra Nevada Mountains (Fellers et al., 2004). Movement of endosulfan into surface water via rainfall
runoff and irrigation drainage has been documented (Gonzalez et al., 1987; Fleck et al., 1991).

In surface water systems, endosulfan residues have also been detected in sediment (Gonzalez et
al., 1987; Fleck et al., 1991; Ganapathy et al., 1997; Weston et al., 2004); mussels (Singhasemanon,
1996; Ganapathy et al., 1997); amphibians (Sparling et al., 2001); and fish (Singhasemanon, 1995;
Brodberg and Pollock, 1999). Because endosulfan has been detected in surface water, sediment and
aquatic organisms, and in response to concerns about endosulfan’s toxicity, in 1991 DPR began
requiring permit conditions to prevent use of endosulfan where it might be allowed to reach surface
water (Okumura, 1992).

SWIMMER EXPOSURES: Exposures of adults and children swimming in surface waters
were estimated based on equations listed in USEPA (2003). Both STADD and SADD were calculated
from absorbed dose rate and potential dose rate by dividing by default body weights of 70 kg for an
adult (Thongsinthusak et al., 1993) and 24 kg for a 6 year-old child (USEPA, 1997¢).  Inhalation
exposure was assumed to be negligible, and was not included in swimmer exposure estimates. The
total exposure was calculated by summing dermal and non-dietary ingestion exposure estimates. Total
STADD was 0.00027 mg/kg/day for adults and 0.00156 mg/kg/day for children. Total SADD was
0.00000468 mg/kg/day for adults and 0.000048 mg/kg/day for children. Total AADD was 0.00000128
mg/kg/day for adults and 0.0000131 mg/kg/day for children.

Dietary Exposure:

DPR evaluates the risk of human exposure to an active ingredient in the diet using two
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processes: (1) use of residue levels detected in foods to evaluate the risk from total exposure, and (2)
use of tolerance levels to evaluate the risk from exposure to individual commodities. For evaluation of
risk to detected residue levels, the total exposure in the diet is determined for all label-approved raw
agricultural commodities, processed forms, and animal products (meat and milk) that have established
USEPA tolerances. The potential exposure from residues in the water and certain commodities
without tolerances are also assessed in some cases. Tolerances may be established for the parent
compound and associated metabolites. DPR considers these metabolites and other degradation
products that may be of toxicological concern in the dietary assessment.

The dietary exposure to endosulfan and its metabolites was assessed initially in 1998 by
Medical Toxicology Branch staff. The 1998 assessment used the TAS, Inc EX™ acute and chronic
dietary exposure software (TAS, 1996a, b). All of the acute and chronic dietary margins-of-exposure
(MOEs) exceeded 100 at the 95™ percentile. A revised DPR dietary exposure assessment was assessed
and it was concluded that the previous 1998 assessment was the more health protective (Carr, 2006).

ACUTE (and short term): The potential acute dietary exposure of endosulfan from all labeled
uses ranged from 1.37 ug/kg/day, males 13-19 years (females 13-19 years = 1.37) to 3.30 ug/kg/day,
children 1-6 years for the 95 percentile of user-days exposures. Male and female values (13-19
years), when rounded to two significant figures, were both 1.37 ug/kg/day. The complete acute dietary
exposure analysis includes all current USEPA label approved endosulfan uses.

The exposure to endosulfan through the diet was also considered for pesticide workers in
combination with occupational exposure. For acute dietary exposure, the value for Females (13+),
nursing, was used for adult acute occupational, adults in the general public for bystander air and for
adult swimmers in surface water. This population subgroup was selected, since it was a relatively high
exposure in a population that would be found amongst all exposure scenarios for adults. The potential
acute dietary exposure was estimated to be 2.06 ug/kg/day, based on the 95" percentile of user-day
exposure for females age 13+ years, nursing. The acute dietary exposure levels for infants (nonl
nursing, < 1 year) was selected to represent infants exposed to endosulfan as bystanders (95"
percentile, 3.18 ug/kg/day). Children exposed to endosulfan while swimming in surface water had the
acute dietary component of 3.30 ug/kg/day from the population subgroup of Children (1 - 6 years).

SUBCHRONIC (seasonal) AND CHRONIC (annual) EXPOSURE: The TAS program
does not perform a subchronic dietary analysis; therefore, potential subchronic dietary exposures were
estimated using the chronic exposure data (average measured residue values of all values for each
commodity). The subchronic NOEL, however, was different from the chronic. Therefore, subchronic
dietary exposure is likely different even when using chronic RAC residues. For commodities with
residues at "below detection limit," a value equal to one-half (50%) of the MDL was assigned to each
commodity. When the residue values are derived from monitoring programs, the assumption is that the
data represent annual average level in the diet (%CT). Therefore, for subchronic dietary exposure, the
chronic value for Females (13+), nursing, was used for adult subchronic occupational, adults in the
general public for bystander air and for adult swimmers in surface water. The potential subchronic
dietary exposure was estimated to be 0.17 ug/kg/day, based on the %CT annualized average for
females age 13+ years, nursing. The dietary subchronic exposure levels for infants (non-nursing, < 1
year) was selected to represent infants exposed to endosulfan in for bystander air (0.28 ug/kg/day).
Children exposed to endosulfan while swimming in surface water had the subchronic dietary
component of 0.41 ug/kg/day from the subgroup of Children (1 - 6 years). Chronic dietary exposure
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data were the same as those used for subchronic esposure estimations.

Agoregate (Occupational or Public + Dietary) Exposure

AGGREGATE EXPOSURE: For aggregate (occupational plus dietary) exposure in
occupational scenarios the STADD, SADD and AADD exposure components were derived from the
occupational exposure total of the dermal plus the inhalation values (Tables 16-21). In addition, for
this aggregate combination of occupational plus dietary, the oral NOELSs for acute, subchronic and
chronic studies were used in the STADD, SADD and AADD determinations for occupational and
swimmer in surface water scenarios. This is because for these particular “combined” exposures, the
dietary and dermal routes comprise the primary routes. An oral NOEL is used for dermal exposure
(no acceptable dermal study).

a) Occupational Aggregate (Dermal + Inhalation + Dietary) Exposure

The predominant factor for mitigating human exposure to endosulfan is the occupational
exposure. For example, in more than half of all aggregate occupational exposure scenarios (acute,
subchronic, chronic), the dietary component comprised less than 3% (49/104 = 61%) of the aggregate
exposure. The majority of the aggregate occupational exposures where diet comprised a higher
percentage (3% or greater) was observed for AADD (15/31; 48%), secondarily for STADD (20/43;
43%) and SADD had the fewest scenarios with a 3% or greater dietary contribution (6/31; 20%).

The highest percentages for dietary contribution of aggregate occupational exposure were for
handheld equipment (Dip; 98%), SADD for reentry workers was 17% (cotton, scouting) and AADD
for handheld equipment was 25% (LPHW, M/L/A EC).

b) Aggregate (Dietary + Inhalation) Exposure in Bystander Air

For adults and children with aggregate exposure to endosulfan as bystanders plus diet showed
that the dietary component for STADD, SADD and AADD is the major exposure. All of the non-
dietary exposure components for all air scenarios are very low and, therefore, that is why the dietary
contribution (while also quite low) appears to be so much greater. The dietary percentage of exposure
was lowest in SADD infant bystanders (33%; non-dietary exposure was 0.00046 mg/kg/day). The
dietary exposure was highest (and equal) for adult and infant bystanders (AADD, 86%), where the
non-dietary exposure was 0.000047 and 0.000022 mg/kg/day for adult and infant, respectively.
However, since all of the aggregate MOEs were less than 1000 endosulfan should be considered as a
toxic air contaminant.

c) Aggregate (Diet +( Dermal + Non-Diet Ingestion) Exposure to Swimmers in Surface Water

STADD for child non-diet ingestion (and total) had the lowest dietary component for aggregate
exposure (68%). The non-dietary exposure was 0.00156 mg/kg/day and was the highest exposure of
all scenarios. STADD for adult non-dietary ingestion (and total) was 0.00027 mg/kg/day and the
dietary comprised 88% of the aggregate exposure. For SADD for child non-dietary and total, there
was an 89% dietary contribution. For all other groups, the non-dietary exposure was so comparatively
low that the dietary comprised 97% to 100% of the aggregate exposure.

11
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Risk Characterization: Margins of Exposure

The risks for potential adverse human health effects with occupational, public (swimmers in
surface water, dermal and non-dietary ingested), bystander air and dietary exposure to endosulfan
were evaluated using margins of exposure (MOE) estimates. The MOEs for acute, subchronic and
chronic exposure were calculated using no-observed-effect levels (NOELSs) from the available
guideline and literature toxicity studies for endosulfan. Generally, an MOE greater than 100 is
considered sufficiently protective of human health when the NOEL for an adverse effect is derived
from an animal study. The MOE of 100 allows for humans being 10 times more sensitive than
animals and for a 10-fold variation in sensitivity between the lower distribution of the overall human
population and the sensitive subgroup.

Short Term Margins of Exposure (MOE):

OCCUPATIONAL SCENARIOS:

STADD: For dermal occupational scenarios (aerial, high-acre aerial, airblast, groundboom,
high-acre groundboom, handlers using handheld equipment) STADD had 26 of 28 (93%) exposures
with MOE:s less than 100 (Tables 37-38). Of those, 25% of the dermal MOEs (7/28) were less than or
equal to 1 (Aerial M/L-WP; applicator; HAA M/L WP; HAB M/L WP; HPHW M/L/A EC; dip
applicator). STADD dermal MOEs greater than 100 were for root dip M/L (ranging from 2333 (M/L
WP) to 23,333 (M/L EC)).

Inhalation scenarios that were less than or equal to 1 was aerial M/L-WP and HAA M/L WP.
Inhalation STADD MOEs that were greater than 100 were airblast (M/L-EC, and applicator),
groundboom (M/L-EC and applicator), backpack sprayer (M/L/A EC 1940), LPHW (M/L/A EC 1940),
and dip (M/L EC 194000 and M/L WP 2333) (Tables 37-38).

All STADD re-entry worker exposure scenarios had MOEs that were less than 100. Sweet
corn hand harvesting had an MOE of 1.

SADD: For dermal occupational scenarios (aerial, high-acre aerial, airblast, groundboom,
high-acre groundboom, handlers using handheld equipment) SADD had 14 of 21 (66%) exposures
with MOEs less than 100. SADD dermal MOEs were greater than 100 for airblast M/L-EC (197),
airblast M/L-WSP, all of groundboom scenarios except M/L-WP (15), HPHW (8) and LPHW (M/L/A
EC, 79).

For inhalation occupational scenarios (aerial, high-acre aerial, airblast, groundboom, handlers
using handheld equipment) SADD had 9 of 21 (42%) exposures with MOEs less than 100 (Tables 37
3877). SADD inhalation MOEs greater than 100 were aerial (M/L-EC, applicator, flagger), airblast
(M/L/-EC, M/L WSP and applicator) all groundboom but M/L. WP, backpack sprayer (M/L/A), and
LPHW (M/L/A EC and M//L/A WP).

The SADD re-entry worker exposure scenarios had 4 of 10 MOE:s of less than 100 (broccoli,

scouting--98; sweet corn, hand harvesting--16; grape, cane turning--8; and peach, thinning—42) and
the remainders were 131 or greater.

12
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AADD: For dermal occupational scenarios (aerial, high-acre aerial, airblast, groundboom,
handlers using handheld equipment) AADD had 13 of 21 (62%) exposures with MOEs less than 100.
The dermal MOESs remaining that were greater than 100 ranged from 143 (groundboom M/L-WSP) to
1140 (low pressure handwand M/L/A-EC).

For inhalation occupational scenarios (aerial, high-acre aerial, airblast, groundboom, handlers
using handheld equipment) AADD had 11 of 21 (52%) exposures with MOEs less than 100. AADD
MOEs were greater than 100 for the remaining scenarios and they ranged from 194 (airblast M/L[]
WSP, groundboom M/L-EC and applicator and low pressure handwand M/L/A-WP) to 6467 for both
backpack sprayer and low-pressure handwand M/L/A-EC.

The AADD re-entry worker exposure scenarios had 2 of 10 MOE:s of less than 100 (sweet
corn, hand harvesting--95; and grape, cane turning--12) and the remainder was 114 or greater.

NON-DIETARY BYSTANDER SCENARIOS:

STADD: Short term MOEs for non-dietary infant and adult bystander scenarios were greater
than 100, ranging from 121 to 255 for infant and adult, respectively. It must be noted that since the
bystander, infant scenario has an MOE of less than 1000 endosulfan may be listed as a potential toxic
air contaminent (California Food and Agricultural Code: 14021-14027).

SADD: Seasonal exposure MOEs for the infant and adult bystander air scenarios were greater
than 100 (346 and 719, respectively). Note that since the bystander scenarios have MOEs of less than
1000, endosulfan may be listed as a potential toxic air contaminent (California Food and Agricultural
Code: 14021-14027).

AADD: All annual exposure MOEs for the infant and adult bystander scenarios were less than
1000 (413 and 882, respectively).

NON-DIETARY INTAKE FOR SWIMMERS IN SURFACE WATER:

STADD: All short term non-dietary MOEs for swimmers in surface water were greater than
100 and ranged from 449 (child non-diet ingested and total) to 321,101 (adult dermal).

SADD: All seasonal MOEs for swimmers in surface water were greater than 100 and ranged
from 24,583 (child: non-diet ingested + dermal) to 31,216,931 (adult dermal).

AADD: All annual MOEs for swimmers in surface water were greater than 100 and ranged
from 43,511 (child: non-diet ingested and total) to 55,339,806 (adult dermal).

Dietary Exposure Estimates and Margins of Exposure (MOEs)

ACUTE and SHORT TERM DIETARY EXPOSURE: Acute dietary MOEs were
calculated for the various population subgroups using the NOEL for acute toxicity (0.7 mg/kg).
Estimates of exposure ranged from 1.37 ug/kg in Females (13- 19 years), not pregnant, not nursing
to 3.30 in Children (1-6 years). Females (13+ years, nursing) was selected for the acute dietary
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exposure group for adults (based on the 95™ percentile of user-day exposure). Acute dietary
exposure for infants (non-nursing, < 1 year) was 3.18 (based on the 95" percentile of user-day).

All population subgroups have MOEs (acute 95" percentile) greater than 100 and these dietary
MOEs are based on anticipated endosulfan residues on RAC. None of the MOEs for categories
involving acute dietary exposure of infants and children is greater than 1000 (all are greater than 100),
as recommended under the FQPA (1996), however all are greater than 1000 for chronic dietary
exposure.

The MOEs for acute dietary exposure ranged from 212 in children (1 -6 years) to 513 in
males (13-19). Acute MOE for Females (13+, nursing) was 340. For infants (non-nursing, < 1 year
old) it was 220 and for children (1-6 years) it was 212. All MOE:s in these population subgroups
were greater than 100.

SUBCHRONIC and CHRONIC DIETARY EXPOSURE: The chronic dietary
exposures ranged from 0.08 ug/kg/day in infants (nursing, < 1 year old) to 0.041 in children (1 - 6
years). Since there are no subchronic dietary data for endosulfan, chronic data were used for
subchronic calculations. Chronic dietary exposure for infants (non-nursing, < 1 year) was 0.28
ug/kg/day; 0.41 ug/kg/day was used for children (1 - 6 years) exposed to endosulfan (dermal and
non-dietary ingestion) by swimming in surface water and 0.17 ug/kg/day (Females (13+, nursing))
was used to represent adults, both occupational and in the general public. There were no percent
crop treated (%CT) adjustments used in these calculations.

MOEs for chronic dietary exposure were calculated from data for the various population
subgroups and the definitive NOEL from the chronic dog study (0.57 mg/kg/day). The MOEs ranged
from 1407 in children (1 - 6 years) to 7,421 in infants (nursing < 1 year of age). Percent crop treated
(%CT) adjustments were used in these calculations. The chronic dietary exposures were the same as
the subchronic subpopulations used for adults (Females (13+ years, nursing = 340), infants (infants
non-nursing, < 1 year = 220) and children (children 1 - 6 = 212).

Drinking water is not a likely source of uncertainty with regard to endosulfan dietary exposure.
Surface and well water samplings have been negative for endosulfan residues since 1996. In addition,
the PDP samples from 2001 to 2003 (PDP, 2003, 2004, 2005) have been negative for endosulfan in
drinking water.

Agoregate (non-dietary plus dietary) Exposure for Occupational, or Public (bystander air:
swimmers in surface water) Scenarios

a) Short Term and Acute Total Occupational Aggregate MOEs

Of total STADD occupational aggregate (MOEqt = 1 = (1/MOEgermar = 1/MOEinnaiation
1/MOEgictary)) and aggregate (MOEraydermal = NOELoradermal = (Occupational + dietary exposure))
scenarios 5% (2/43) had MOEs greater than 100 and those were for handlers using handheld
equipment (dip M/L-EC and dip M/L-WP).

Infant bystanders exposed to endosulfan via inhalation had an aggregate STADD MOE
(MOErtota1 = 1 + (1/MOEjphalation T 1/MOEgictary)) 0f less than 100 (78), while adult bystanders MOE
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was 146.

STADD aggregate (MOE ya1/dermal = NOELora + (occupational + dietary exposure)) aggregate
for swimmers in surface water (children and adults) had MOEs greater than 100.

b) Seasonal Aggregate MOEs

Of total SADD occupational aggregate (MOErq = 1 + (1/MOEgermal + I/MOEinnalation +
1/MOEgietary)) and aggregate (MOE,raydermal = NOELoradermal = (0Occupational + dietary exposure))
scenarios 2% (5/31) had MOE:s that were greater than 100, but the remainder ranged from <I (high
acre aerial, M/L WP) to 97 (reentry workers, broccoli scouting). All aerial and high-acre scenarios
(M/L, applicator and flagger) had MOEs of less than 100. Airblast (M/L-EC), groundboom (M/L EC,
applicator), backpack sprayer (M/L/A EC), LPHW (M/L/A WP and EC) and reentry workers (broccoli
hand-harvesting, cotton scouting, cucumber hand harvesting, lettuce scouting, potato scouting and
ornamentals and ornamentals, cut flowers hand harvesting) had MOEs greater than 100. The
remaining scenarios had MOEs less than 100 (broccoli scouting , sweet corn hand harvesting, grape
cane turning and peach thinning). MOEs that were more than 100 ranged from 103 (backpack sprayer
M/L/A EC) to 341 for low-pressure handwand M/L/A EC.

SADD aggregate MOEs for bystanders exposed to endosulfan via inhalation (MOEgu = 1 +
(1/MOEisnatation T 1/MOEgictary) were greater than 100 (296 and 595 for infants and adults, respectively.

SADD aggregate (MOEaderma = NOELga + (occupational + dietary exposure)) MOEs for
swimmers in surface water (children and adults) were greater than 100 (range: child “total” 2634 to
6940 for dermal adult).

¢) Annual Aggregate MOEs

Of total AADD occupational aggregate (MOETou = 1 + (1/MOEgermal + 1/MOEinhaation +
1/MOEgictary)) and aggregate (MOE,raydermal = NOELoravdermal = (0Occupational + dietary exposure))
scenarios 42% (13/31) had MOEs that were greater than 100, but the remainder ranged from <1 (aerial,
M/L WP; high-acre aerial M/L WP) to 93 (LPHW M/L/A WP and groundboom M/L EC). All aerial
and high-acre aerial scenarios (M/L, applicator and flagger), airblast (M/L WP and M/L WP/WSP),
groundboom (all scenarios but applicator), HPHW (M/L/A EC), LPHW (M/L/A WP) and reentry
workers (sweet corn hand harvesting, grape cane turning) had MOEs of less than 100. MOEs that
were more than 100 ranged from 110 (reentry: broccoli scouting, peach thinning) to 757 (LPHW
M/L/A EC).

AADD aggregate MOEs for bystanders exposed to endosulfan via inhalation (MOEr = 1 +
(1/MOEisnatation T 1/MOEgietary)) were greater than 100 (343 and 702 for infants and adults,
respectively).

AADD aggregate (MOEa/germal = NOELora1 + (occupational + dietary exposure)) MOEs for
swimmers in surface water (children and adults) were greater than 100 (range: child “total” 1380 to
3353 for dermal adult) (Table 41).

The majority of occupational exposure scenarios (33/ 35, 94%) for STADD had MOEs that
were less than 100. Of those, 17% of the MOEs (6/35) were less than or equal to 1 (Aerial M/L-WP,
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inhalation and dermal; applicator dermal; HPHW M/L/A EC dermal; dip applicator, dermal; sweet
corn hand-harvesting). STADD MOEs were greater than 100 for root dip M/L (both EC and WP),
ranging from 233 (M/L WP) to 23,333 (M/L EC).

The predominant factor for mitigating human exposure to endosulfan is the occupational
exposure. In more than half of all aggregate occupational exposure scenarios (acute, subchronic,
chronic), the dietary component comprised less than 3% (49/89 = 55%) of the aggregate exposure. The
majority of the aggregate occupational exposures where diet comprised a higher percentage (> 3%)
was observed for STADD (18/35; 51%) and AADD (16/27; 59%). Aggregate STADD MOE:s of less
than or equal to 1 are Aerial (inhalation and dermal) M/L-WP; applicator; HPHW M/L/A EC; dip
applicator, dermal; sweet corn hand-harvesting). SADD total occupational aggregate exposures had a
dietary component of 22% (6/27) was (less than half the other scenarios). The highest percentages for
dietary contribution of aggregate occupational exposure were re-entry scenarios where STADD was
60% (9/15), SADD was 30% (3/10) and AADD was 80% (8/10).

AGGREGATE DIETARY AND EXPOSURE IN BYSTANDER AIR

For adults and children, aggregate exposure to endosulfan as bystanders plus diet showed that
the dietary component for STADD, SADD and AADD is the major exposure. However, all of the non-
dietary exposure components for all air scenarios are very low and that is why the dietary contribution
(while also quite low) appears to be so much greater. The dietary percentage of exposure was lowest
in SADD infant bystanders (38%; non-dietary exposure was 0.00046 mg/kg/day). The dietary
exposure was highest for both adults and infants (AADD, 86%), where the non-dietary exposure was
0.000047 and 0.000022 mg/kg/day, respectively.

AGGREGATE DIETARY AND EXPOSURE TO SWIMMERS IN SURFACE WATER

STADD for child non-diet ingestion (and total) had the lowest dietary component for aggregate
exposure (68%). The non-dietary exposure for this was 0.00156 mg/kg/day and was the highest
exposure of all scenarios. STADD for adult non-dietary ingestion (and total) was 0.00027 mg/kg/day
and the dietary comprised 88% of the aggregate exposure. The SADD for child non-dietary and total
had an 89% dietary contribution. For all other groups, the non-dietary exposure was so comparatively
low that the dietary comprised 97% to 100% of the aggregate exposure.

Tolerance Assessment

ACUTE: There are currently more than 72 human consumption commodities that have
endosulfan tolerances (CFR, 2006). A total of 20 commodities, including milk, were analyzed for
tolerance level acute dietary exposure. There were 15 commodities that had MOEs of less than 100 for
1 or more population subgroups when assessed using tolerance level values. The MOEs were based on
tolerance levels of endosulfan. RACs (apple, melon and tomato) acute 95™ pecentile MOEs ranged
from 5 for apples (nursing infants < 1 year) to greater than 100 for tomatoes (seniors 55+). All
commodities for all population subgroups listed had acute 95" percentile MOEs less than 100 for
apples, melons and tomatoes, except seniors (55+). Apples and melons are the only two commodities
with endosulfan tolerances that have all 20 of their analyzed populations with MOEs less than 100.
Tomatoes had 19 of the analyzed populations with MOE values of less than 100.
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CHRONIC TOLERANCE ASSESSMENT: A chronic exposure assessment using residues
equal to the established tolerances for individual or combinations of commodities has not been
conducted because it is highly improbable that an individual would chronically consume single or
multiple commodities with pesticide residues at the tolerance levels. This conclusion is supported by
data from both federal and DPR pesticide monitoring programs which indicate that less than one

percent of all sampled commodities have residue levels at or above the established tolerance (DPR,
1994,1995,1997).

TOLERANCE ASSESSMENT - 2006: In 1998 there were 72 commodities with human
consumption that had USEPA endosulfan tolerances (USEPA, 1999a) but since then 9 commodity
tolerances have either been canceled or proposed for cancellation by the registrants of technical
endosulfan. The USEPA draft endosulfan RED also decreased the maximum label application rates by
approximately 17-33%, depending on commodity, for a number of commodities that will still have
tolerances. These reductions in maximum annual application rates may be reflected in a corresponding
decrease in the magnitude of the residues detected on endosulfan treated commodities. In 2006, the
USEPA announced in the Federal Register (September 15, 2006 (Volume 71, Number 179)] the final
ruling on endosulfan tolerance actions that carried out the proposed tolerance changes that were
described in the RED for endosulfan (USEPA, 2002b).

Conclusions

OCCUPATIONAL & PUBLIC RISK MARGINS OF EXPOSURE (MOEs): In each
occupational (dermal, oral, inhalation) there were MOEs less than 100 (primarily for short term)
and in several cases the MOEs were less than 1. MOEs for bystander inhalation and for swimmer
in surface water were all greater 100 for all scenarios. Therefore, endosulfan represents a
potential health risk for those exposed occupationally.

DIETARY MOEs: The MOEs from anticipated endosulfan residues for acute toxicity
(95th percentile, UB) were all well above 100; however, the acute 95h percentile MOEs from
tolerance levels of endosulfan for apple, melon and tomato in selected population groups were all,
except for seniors 55+ years, less than 100. For dietary exposure, all population subgroups have
MOEs (acute 95" percentile and chronic) greater than 100 for acute and 1000 for chronic.

AGGREGATE (Combined Occupational plus Dietary) MOEs: There is a preponderance of
short-term seasonal and annual scenarios (both aggregate and route-specific) where the MOE:s fall well
below 100. However, there are also some MOEs that are close to or greater than 100.

PUBLIC RISK MARGINS OF EXPOSURE (MOEs): MOE:s for all route-specific and
aggregate scenarios (inhalation exposure to bystanders and to swimmers in surface water) were greater
than 100 (except for bystander infants, short term).

BYSTANDER AIR EXPOSURE: All MOEs for bystander exposure for infants and adults
are below 1000. Therefore, DPR recommends endosulfan for listing as a Toxic Air Contaminant.
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II. INTRODUCTION

This report evaluates the potential for endosulfan exposure, and includes: 1) a review of the
available scientific evidence on a-endosulfan, -endosulfan, and endosulfan sulfate regarding their
physical properties, 2) and an occupational, inhalation and dietary health risk assessment for technical
endosulfan as currently used in California.

The risk assessment for endosulfan was performed by the California Department of Pesticide
Regulation (DPR) because of the chemical's low No-Observed-Effect-Levels (NOELs) in a rabbit
teratology, in a combined (chronic toxicity/oncogenicity) study in the rat and in a chronic dog study.
These studies were submitted to DPR under the Birth Defect Prevention Act of 1984. An assessment
of dietary risk was also conducted (Bronzan and Jones, 1989) to determine risk for pesticides with food
crop uses. Therefore, the purpose of this document is to address the potential adverse health effects for
agricultural workers exposed to endosulfan and for the general public exposed to endosulfan through
potential dietary sources and bystander air at exposure sites under the Toxic Air Contamination Act
(California Food and Agricultural Code: 14021-14027). The State Water Resources Control Board
(SWRCB) requested that DPR place endosulfan into formal reevaluation for the purpose of mitigating
fish toxicity (DPR, 1994). Currently, endosulfan has been included on the U.S. Clean Water Act
Section 303(d) list for registered pesticides 2002 (finalized by SWRCB, February 2003,
Singhasemanon, 2003).

A. CHEMICAL IDENTIFICATION

Endosulfan (6, 7, 8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, 9-methano-2, 4,
3-benzodioxathiepin-3-oxide) is a pesticide, belonging to the chemical family of organochlorines, sub(
class chlorinated cyclodienes, and containing only one double bond. It is used to control more than
100 different insect pests (aphids, leathoppers, borers, worms etc.) that infest a large number of crops
in California. It serves as a contact and stomach insecticide for approximately 50 food and non-food
crops but has proven to be extremely toxic to fish and other aquatic organisms (USEPA, 2002). In
California, the food crops are primarily grapes, melons, lettuce and tomatoes, and cotton, both a food
(cotton seed oil) and a non-food crop (Carr, 2006).

Although endosulfan, patented in 1956 (Ware, 1994), is usually included among pesticides of
the “chlorinated hydrocarbons of the cyclodiene group,” or organochlorines, Maier-Bode (1968)
considered endosulfan, as a sulfite ester of a cyclic diol, to be sufficiently different from other
cyclodiene insecticides in its chemical properties, physiological effects and fate on the surface of living
plants, that it should not be included in this group. CAS classifies it as a “dioxathiepin.” Endosulfan
has not been separated from the group primarily because the acute effects it produces in laboratory
animals or in humans are indistinguishable from those caused by other cyclodiene compounds.

1. Mechanisms of Toxicity

The mode of action of endosulfan is to bind and inhibit y -amino-butyric acid (GABA)-gated
chloride channel receptor, thereby inhibiting GABA-induced chloride flux across membranes (Abalis
et al., 1986; Ffrench-Constant, 1993; Sutherland et al., 2004). A point mutation in a family of GABA
receptor subunits is associated with resistance to endosulfan in insects (Ffrench-Constant, 2000).
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Endosulfan neurotoxicity has been attributed to its action as a non-competitive GABA antagonist at the
chloride channel within the GABA receptor in mammalian brain synaptosomes (Abalis, et al., 1986;
Cole and Casida, 1986; Gant et al., 1987; Ozoe and Matsumura, 1986). Antagonism of GABAergic
neurons within the central nervous system causes generalized brain stimulation. When GABA binds to
its receptor (GABA ), the chloride-selective ion channels are opened, leading to an influx of chloride
into neurons through an electrochemical gradient. This process results in hyperpolarization of the
cellular membrane and inhibited neuron firing. Endosulfan may prevent chloride ions from entering
neurons, thus inhibiting GABA from binding to its GABA 4 receptor, resulting in uncontrolled
excitation.

Influx of chloride ion into rat brain microsacs (in the presence of both a- and - endosulfan) by
GABA was measured (Gant et al., 1987). The a-isomer (ICsp 0.19 +/- 0.07 uM) was significantly
more potent at inhibiting chloride influx than the B-isomer (ICsy 8.09 +/- 2.0 uM). Ablais et al. (1986)
also measured chloride influx across rat brain membranes and found that 1 uM a-endosulfan
completely inhibited influx, the same concentration of the B-isomer inhibited only 70%. Another study
showed that a-endosulfan blocked chloride uptake induced by GABA in primary cultures of cortical
neurons from fetal mice (15 days old) by interacting with the GABA antagonist t-butylbicyclophos-
phorothionate binding site (Pomes et al., 1994). The effects on the GABA-receptor complex are
similar to those of lindane, dieldrin and endrin (Lawrence and Casida, 1984; Casida and Lawrence,
1985; Cole and Casida, 1986).

2. Chemical Interactions

Animals exposed chronically to low doses of endosulfan respond more markedly to the
pharmacological actions of diazepam, chlorpromazine, pentobarbital and ethanol, when compared to
controls (Paul and Balasubramaniam, 1997). Changes in potency and duration of action may be due to
the enzyme-inducing action of endosulfan, since the drugs in question are biotransformed by mixed
function oxidases (MFO). There is a concern about hazards caused by the interaction of endosulfan and
therapeutic agents that act on the central nervous system, since endosulfan is a potent MFO inducer.

B. REGULATORY HISTORY

Farbwerke Hoeschst A.G. registered endosulfan in the United States, in 1954. The initial
trademark was “Thiodan” (Maier-Bode, 1968). It is currently registered by the United States
Environmental Protection Agency (USEPA, 2002) as a broad-spectrum insectide and acaricide.
Endosulfan is listed under the Comprehensive Environmental Response Compensation and Liability
Act (CERCLA, 1980) and Superfund Amendments and Reauthorization Act of 1986 (SARA) as a
hazardous substance (USEPA, 1996). A hazardous substance is defined as something that, upon
exposure, will result in adverse effects on health and safety of humans in an occupational setting
(USDOL, 1988). The statutory source for this designation for the a- and B-isomers is Section 307 of
the Clean Water Act (CWA). In addition, the designation for endosulfan is based on section 311(b)(4)
of the CWA and Section 3001 of the Resource Conservation and Recovery Act (RCRA)(USEPA,
1995). The USEPA Office of Pesticide Programs anticipates the submission of a subchronic rat
neurotoxicity study by the registrant for review (USEPA, 2002). All study requirements have been
met in California under The Birth Defects Prevention Act (1984). Endosulfan is not currently listed
under California’s Safe Drinking Water and Toxics Enforcement Act of 1986 that requires the
identification of chemicals “known to the state to cause cancer or reproductive toxicity,” (Proposition
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65, 1987). Endosulfan is under consideration for listing as a toxic air contaminant under the Toxic Air
Contamination Act (California Food and Agricultural Code: 14021-14027).

In 1991, the technical registrants amended labels to incorporate a 300-foot spray drift buffer
zone for aerial applications between treated areas and water bodies. This setback was adopted in order
to address concerns about contamination of water and risks to aquatic organisms. In 2000, the
registrants amended technical product labels to remove all residential use patterns (USEPA, 2002).

C. TECHNICAL AND PRODUCT FORMULATIONS

Technical endosulfan consists of two isomers, a- (64 - 67%) and B- (29 - 32%) forms, as well as
some impurities and degradation products (Maier-Bode, 1968; NRCC, 1975). One of the degradation
products, endosulfan sulfate, which has chemical properties similar to pure endosulfan, results from
photolysis (in solid or gas phase) or biotransformation (Callahan et al., 1979).

Endosulfan is a broad-spectrum foliar insecticide and miticide, with product trade names such
as: Thionate, Endochem and Thionil (more names can be found in the Crop Protection Handbook,
2006, Meister and Sine eds., page D169 and USEPA, 2002). As of April 2007, two formulations were
registered in California, an emulsifiable concentrate (EC) containing 34% Al (sold in two products),
and a wettable powder (WP) containing 50% Al (sold in three products). In addition to these five
products, a 95% Al technical endosulfan is registered solely for manufacturing use. The EC
formulation contains 3 Ibs Al/gallon (0.36 kg AI/L). Both EC and WP formulations are registered for
use on several crops, all of which are listed in Beauvais (2007; Appendix D). Endosulfan may be
applied by aerial or ground methods; application by any irrigation method is prohibited in California.

A proposed new product has been submitted for registration in California, an ear tag consisting
of impregnated material containing 30% endosulfan. This product is proposed for use on cattle, to
protect against the hornfly. Information is still being obtained for this product, and it is not considered
further in the Exposure Assessment Document (Beauvais, 2008).

D. USAGE

From 1997 to 1999, approximately 571,296 total pounds of endosulfan were used on more than
60 crops in California (DPR, 1999, 2001a, b). In 1999, 88.2% of endosulfan applied (179,584 lbs) was
used on cotton, grapes (table and raisin), lettuce, alfalfa, cantaloupe and tomatoes (processing) (DPR,
2001b). Currently there are 13 active products containing endosulfan registered with the USEPA
(compared with 50 in 1998). This reduction in product registrations has not significantly impacted the
amount of endosulfan used nationally. In 2000, registrants for technical endosulfan changed the
technical product labels to remove all residential use patterns (USEPA, 2002).

In California, there are 6 endosulfan products with active registrations (DPR, 2006). The total
amount of endosulfan used in California decreased between 1998 and 2004 (total in PUR 1999:
179,584 1bs. vs. 2004: 153,339 Ibs.). In addition to a decreased annual average endosulfan use in
California, the spectrum of highest use crops has changed. From 1993-1995, average annual use was
356,970 1bs and the highest use crops were cotton (192,000 1bs), grapes (47,000 Ibs), cantaloupe
(20,000 1bs) and head lettuce (20,000 Ibs). In 1999-2003, the average annual use was 152,445 1bs and
the highest use crops were cotton (38,085 Ibs), alfalfa (32,981 1bs), lettuce (25,265 1bs) and tomatoes
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(21,713 1bs) that together accounted for 75% of endosulfan use in 2003 (Beauvais, 2008).

E. REPORTED ILLNESSES (Complete report in Appendix E. [Volume II], Beauvais, 2008)
Illness report: refer to the Exposure Assessment Document (Volume II, Beauvais, 2008).

F. PHYSICAL AND CHEMICAL PROPERTIES (Budavari, 2001)*

C
| Endosulfan
C

]
Structure, common name and formula: CoHClcO3S
Chemical Names: 6,7,8,9,10,10-Hexachloro-1,5,50.",6,9,9 -a-hexahydro-6,9-methano-2,4,3-benz(o)-dioxathiepin
3-oxide; endosulfan technical; 5-norbornene-2,3-dimethanol -1,4,5, 6,7,7 -hexachlorocyclic sulfite

1

Other Names: Thiodan, Thionil, Thionate, etc. (see: Meister and Sine, 2006)

CAS Registry #: 115-29-7

Molecular Weight: 406.9

Color: Pure endosulfan is a colorless crystal. Technical grade endosulfan is brown in color.
Physical State: Crystalline solid

Melting Point: Endosulfan 106°C (pure); 70-100°C (technical)

Density: 20/4°C 1.735 g/ml (HSDB, 1999)

Specific Gravity Vapor: 14.0 (HCDB, 1986)

Odor: Terpene-like; Decomposition products and, similar to hexachlorocyclopentadiene, sometimes mixed with
sulfur dioxide in odor.

Solubility”: a) Water 25°C: 60 to 100 ug/L (ppb) (Sittig, 1980; Sarafin, 1979a)
20°C (pH 5.0): 0.33 mg/L (http://em/docs/pubs/chem/allchems_pestchem.pdf)
b) Organic Solvents at 20°C:

Insoluble Dichloromethane, ethanol, ethyl acetate, hexane
Moderately Soluble Methanol, acetone (at 20°C), kerosene, toluene
Very Soluble Benzene, carbon tetrachloride, chloroform, xylene

Partition Coefficients: K., =55,500 and 61,300; log K. 3.5 (Sarafin, 1979b)
Vapor Pressure: 20°C: 0.83 mPa (Sarafin, 1982)

Henry's Law Constant (24.8 °C): a-endosulfan=4.9x10 atm-m’-mol™'; B-endosulfan= 1.2x10 atm-m*-mol ¢
Mixture of isomers: 1x10™ atm m’/mmol (Suntio et al., 1988)
1.01x10™* atm m*/mol (Montgomery, 1993)
a ~ All references are for Budavari, 2001, unless otherwise referenced.
b - Coleman and Dolinger, 1982; HSDB, 1999; Maier-Bode, 1968
¢ - http://lwww.cdpr.ca.gov/docs/emon/pubs/tac/tacpdfs/endosulfan/ endosulfan_sum.pdf -
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G. ENVIRONMENTAL FATE

1. Summary

Endosulfan hydrolysis increases with increased pH. Half-life due to hydrolysis is decreased
from 150 days at pH 5.5 to 1 day at pH 8.0. Endosulfan is photolysed, with a half-life of
approximately seven days, giving Endosulfan diol as the main product. Endosulfan sulfate is relatively
stable to photolysis. Fungi and bacteria inhabiting the soil under aerobic conditions can degrade
endosulfan. Fungi produce primarily endosulfan sulfate while the bacteria produce primarily
endosulfan diol. Endosulfan metabolism under flooded (anaerobic) conditions yields primarily
endosulfan diol (2-18%), endosulfan sulfate (3-8%) and endosulfan hydroxyether. Surface and well
water have not been sampled since 1996, as endosulfan is not considered to be a potential drinking
water contaminant. Endosulfan binds tightly to some soils and is not mobile. Air monitoring shows
that endosulfan can volatilize from water, soil and plant surfaces for 1 to 11 days post application.
Endosulfan is translocated to roots after application to leaves. It is also metabolized within the plant,
so that the sulfate form is found in the roots. Translocation of endosulfan from leaves to roots is more
rapid under warmer greenhouse conditions as compared to ambient outside temperatures.
Bioaccumulation of the a- isomer, - isomer and sulfate metabolite occurs in both aquatic (mussels,
fish, shrimp, algae) and terrestrial (mosquito, snail) wildlife. However, it rapidly decreases to
undetectable levels after animals are transferred to clean water.

2. Hydrolysis

In laboratory experiments conducted by Peterson and Batley (1993), a-endosulfan consistently
degraded faster than B-endosulfan. Both isomers hydrolyzed faster in alkaline waters than in water
close to pH 7.0. Half-lives in water at pH 8.5 (20°C) were 3.6 days for a-endosulfan and 1.7 days for
B-endosulfan. As B-endosulfan is less water-soluble than a-endosulfan, it is also more likely to
partition to sediment.

Endosulfan stability in aqueous solutions is dependent upon pH conditions (at 22°C: pH = 5.5
and 8.0, half-lives = 150 and 1 day, respectively) (Singh, et al., 1984, 1991). Endosulfan hydrolysis
increased as pH increased (at 30°C distilled water: pH = 4.5, 7.0 and 9.5, half-lives = 87.7, 23.5 and 1
hour, respectively). Hydrolysis rates in seawater are similar to those in fresh water (20°C in seawater:
pH 8.0, half-life of a- isomer = 2.2 and - isomer = 4.9 days) and under most conditions the a- isomer
hydrolyzes almost twice as fast as the - isomer (Guerin and Kennedy, 1992). The hydrolysis product
in surface and groundwater is endosulfan diol.

Losses of endosulfan, at 0.5 mg/L, from natural lake water and tap water were 89 and 69%,
respectively (Ferrando et al., 1992). Natural lake water is more alkaline than the tap water and the
half-life of endosulfan in tap water was 68 hours.

3. Photolysis

In general, chemical photolytic breakdown occurs only when there’s an absorbing group (e.g.

acetone in experimental conditions or humic acid in soil) stimulated by natural or artificial light. The
UV-absorption spectra of the endosulfan isomers show significant adsorption only below 290 nm. As
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wavelengths below 290 nm were filtered out, endosulfan was photolytically stable (Stumph ,1987). In
aqueous conditions, endosulfan was stable to photolytic breakdown (even with sensitizer) since
endosulfan has low water solubility (0.3 mg/L). Results showed that photolytic half-lives (in distilled
water) varied with the isomer. At 25°C and pH 5 (distilled water vehicle), the photolytic half-life for
the a-isomer was 382 days and for the - isomer was 443 day. In sandy loam soil, under laboratory
conditions, endosulfan achieved a half-life of 238 days (Gildemeister and Jordan, 1983).

Under environmental conditions, the photolytic halt-life is approximately 7 days for
endosulfan and the primary photolysis product is endosulfan diol (subsequently degraded to
a-hydroxyether). Endosulfan sulfate is stable to direct photolysis at wavelengths of less than 300 nm;
however, it reacts with hydroxy radicals to give an estimated half-life of 1.23 hours (Stumph, 1987,
HSDB, 1999). A study by Dureja & Mukerjee (1982) showed that when the a- and - isomers are in
polar solvents or on plant leaves and receive irradiation or are exposed to sunlight, the a- form
isomerizes to the more stable - isomer.

4. Microbial Degradation
a) Aerobic

An endosulfan soil degradation study, performed in silt loam and loamy sand, showed that after
60 days the primary metabolite was endosulfan sulfate (Gildemeister and Jordan, 1984). In studies
performed by Martens (1976 and 1977) soil fungi, bacteria and actinomycetes were incubated in vitro
with ["*C]-endosulfan. Results showed that 16 of 28 soil fungi, 15 of 49 soil bacteria and 3 of 10
actinomycetes tested metabolized more than 30% of the applied endosulfan. Fungi produced primarily
endosulfan sulfate while the bacteria produced primarily endosulfan diol (Martens, 1976; Martens,
1977). Both a- and B- isomers are slowly oxidized in air and in microbial systems (White-Stevens,
1971). Endosulfan technical and emulsifiable concentrate (40%) at 10 ug/g soil decreased soil bacteria
and fungal populations initially, but after 3 weeks the levels were restored to normal (Tu, 1991).

Two strains of bacteria were co-cultured aerobically and were able to efficiently degrade
endosulfan; however, the degradation of the soil-bound endosulfan was slower by 4-fold than was
measured in culture media (50% of 50 ppm in soil degraded in 4 weeks) (Awasthi et al., 1997). In a
field study, 6.7 kg/hectare of endosulfan incorporated into sandy loam soil was transformed to
endosulfan sulfate (Stewart and Cairns, 1974). Half-lives for the a- and - isomers were reported to be
60 and 800 days, respectively. Pseudomonas microbes have been reported to isomerize and
biodegrade endosulfan alcohol and endosulfan ether (Menzie, 1978). In a laboratory setting,
Pseudomonas degraded endosulfan under aerobic conditions (pH 7, 20°C) with a half-life of 1 week
(Greve and Wit, 1971).

Miles and Moy (1979) indicated that under certain soil conditions, an alkaline pH (induced by
microorganisms) produced a different endosulfate metabolite profile. Endosulfan incubated in a mixed
culture of microorganisms from a sandy loam soil or in sterile soil, was degraded at a significantly
greater rate in the soil containing microorganisms (with the diol being the primary metabolite).
Microbes increased the soil pH from 6.5 to 7.6 and, therefore, some degradation was probably due to
non-specific hydrolysis. The microbes did not degrade endosulfan sulfate, formed in acidic organic
soil (Miles and Harris, 1978).
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Cotham and Bidleman (1989) found the a- and 3 - endosulfan half-lives in seawater
microcosms (pH 8) to be 5 and 2 days, respectively. When sterile seawater (pH 8) was used, the half-
life for the a- isomer was 2 to 3 days and for the B- isomer was 1 to 2 days. When a seawater/sediment
microcosm was tested, the half-lives were 22 and 8.3 days for a- and B - endosulfan, respectively,
possibly due to the lower pH of this system (pH 7.3 - 7.7). Endosulfan diol was the primary metabolite
identified in seawater only, as well as seawater/sediment microcosms.

In the study by Gildemeister and Jordan (1984), aerobic endosulfan degradation occurred with
a half-life of 256 days (pH 6.4) in silty loam soil and 375 days (pH 4.7) in sandy loam soil.

b) Anaerobic

Endosulfan metabolism under flooded (anaerobic) conditions yields primarily endosulfan diol
(2-18%), endosulfan sulfate (3-8%) and endosulfan hydroxyether (2-4%) (Martens, 1977). A mixed
culture of microorganisms, isolated from sandy loam soil, was incubated in an aqueous nutrient
medium at 20°C. Endosulfan was metabolized to endosulfan diol with half-lives of 1.1 to 2.2 weeks
for the a- and B- isomers, respectively (Miles and Moy, 1979).

In the study by Gildemeister et al. (1988), anaerobic endosulfan degradation occurred with a
half-life of 143 days (pH 7.2) in sandy loam soil and 152 days (pH 6.4) in silty loam soil.

5. Mobility (water, soil, air, plants)
a) Water Monitoring

In laboratory experiments conducted by Peterson and Batley (1993), consistently -endosulfan
degraded faster than a-endosulfan; both isomers hydrolyzed faster in alkaline waters than in water
close to pH 7. Half-lives in pH 8.5 (water at 20°C) were 3.6 days for a-endosulfan and 1.7 days for B[
endosulfan. As B-endosulfan is less water-soluble than a-endosulfan, it is more likely to partition to
sediment as well.

Endosulfan has been monitored in both surface and ground water in California, and in tissues of
fish and aquatic invertebrates. The monitoring data relevant to human exposure to endosulfan include
surface waters where swimming or wading may occur (e.g., rivers or farm ponds), as well as surface
and ground water sources of drinking water in California. Endosulfan residues occurring in drinking
water could potentially result in exposure through swimming or bathing.

1. Surface Water

Historically, endosulfan has been detected numerous times in California surface waters. Guo
and Spurlock (2000) summarized historical monitoring data, reported by nine different agencies
between 1990 and July 2000, for pesticides in surface water in California. Monitoring for o
endosulfan, B-endosulfan, and endosulfan sulfate was conducted between August 1990 and July 1996
(DPR, 2004). Table 1 summarizes these data and shows that endosulfan sulfate has been detected
more frequently in surface water samples than a- or B-endosulfan, and generally at higher
concentrations.
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Table 1. Summary of Historical Surface Water Sampling Data for Endosulfan in California
Between August 1990 and July 1996 *

Concentration (pg/L)° Percentiles

Chemical # Analyses | # Detections | Detection Frequency (%) 500 75 95"

a-Endosulfan 764 40 5.2 0.024 0.049 0.105
B-Endosulfan 764 41 5.4 0.023 0.038 0.066
Endosulfan Sulfate | 661 114 17.2 0.025 0.066 0.141

a - Adapted from Guo and Spurlock (2000), which summarizes water sampling through July 2000. No monitoring for
endosulfan has been reported since July 1996 (DPR, 2004), nor does the database differentiate between surface water
systems that are sources of drinking water and those that are not (F. Spurlock, personal communication, June 7, 2005).

The limits of quantitation ranged from 0.00005 - 0.10 pg/L.
b - Values are to the closest percentile possible (as determined by Guo & Spurlock, 2000), and for detected
concentrations only (non-detects omitted).

The highest total endosulfan concentrations reported in one sample were collected from the
Alamo River in Imperial County on June 21, 1993. The concentrations reported to DPR were as
follows: a-endosulfan, 0.22 pg/L; B-endosulfan, 0.17 pg/L; and endosulfan sulfate, 0.58 pg/L (DPR,
2004). The total endosulfan concentration, 0.97 pug/L, was used in estimating short-term swimmer
exposure. For long-term exposures, the median total endosulfan concentration of 0.072 png/L was
calculated from the 50" percentile concentrations summarized in Table 1.

Endosulfan residues were detected in California surface waters in the Central Valley in 1991
through 1993, at concentrations up to 0.039 pg/L (Ross et al., 1996; Ross et al., 1999; Ross et al.,
2000); these detections are included in data summarized in Table 1. Water samples collected from two
lakes in 1997 in the Sierra Nevada Mountains contained a-endosulfan at concentrations ranging from
0.00030 - 0.0010 pg/L; B-endosulfan at concentrations ranging from 0.00017 - 0.0018 pg/L; and
endosulfan sulfate at concentrations ranging from 0.00033 - 0.0029 pg/L (Fellers et al., 2004).
Movement of endosulfan into surface water via rainfall runoff and irrigation drainage was documented
in studies completed in the 1980s (Gonzalez et al., 1987; Fleck et al., 1991). Sampling of rainfall
runoff from three treated fields in 1988 detected endosulfan in samples from all three fields, at
concentrations ranging from 2.2 to 13 pg/L (Fleck et al., 1991). Irrigation drainage samples collected
in October 1985 contained endosulfan at one of three sites (detection limit: 0.01 pg/L); the mean +
standard deviation concentration at that site was 0.014 + 0.005 ug/L (Gonzalez et al., 1987).

In surface water systems, endosulfan residues have also been detected in sediment (Gonzalez et
al., 1987; Fleck et al., 1991; Ganapathy et al., 1997; Weston et al., 2004); mussels (Singhasemanon,
1996; Ganapathy et al., 1997); amphibians (Sparling et al., 2001); and fish (Singhasemanon, 1995;
Brodberg and Pollock, 1999).

The detection of endosulfan residues in surface water, sediment, and aquatic organisms, and
concerns about endosulfan’s toxicity, led DPR, in 1991, to begin requiring permit conditions to prevent
use of endosulfan where it might be allowed to reach surface water (Okumura, 1992). California
drinking water data (3 years) from between 2001-2003 were examined by the USDA-PDP (USDA,
2003, 2004, 2005). A total of 424 California water samples were analyzed with a limit of detection of
0.1 ppb or better. No endosulfan or endosulfan degradates were detected. The number of samples by
year were: 2001, 144; 2002, 140; and 2003, 140. The samples were collected from municipal water
processing facilities post-processing and ready to drink. These results suggest that drinking water
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systems in California are not likely to be a source of human exposure to endosulfan.
i1. Ground Water

DPR has a well monitoring program that samples numerous wells each year to determine the
presence and geographical distribution of agriculturally applied pesticides in groundwater. Troiano et
al. (2001) describes the program that includes the criteria for selection of wells and sampling and
analytical methods. Between 1986 and 2003, a total of 2,758 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). Endosulfan was detected in ten samples, at concentrations ranging from
0.01 - 34.7 ng/L. All ten detections were classified as “unverified,” because follow-up sampling failed
to detect endosulfan or endosulfan sulfate. These results, along with reported non-detection of
endosulfan residues in monitoring of drinking water systems (USDA, 2003; 2004; 2005), suggest that
drinking water systems in California drawing from ground water are not likely to be a source of human
exposure to endosulfan.

b) Soil

Numerous laboratory and greenhouse studies have shown that both a- and -endosulfan
strongly adsorb to soil. Glass-column elution tests showed that both isomers adsorbed tightly to loamy
sand, sandy loam, sandy clay loam and sandy clay soils (El Beit et al., 1981; Bowman et al., 1965).
Model soil evaporation beds designed to test the feasibility of treating pesticide wastes showed that
endosulfan did not move in loamy sand soil in tests for up to 54 weeks (Hodapp and Winterlin, 1989).

In California, the Environmental Monitoring and Pest Management Branch of DPR (EM &
PM, 1991) estimated a K, value of 2000 for endosulfan, suggesting that soil mobility is expected to be
slight. K, values for a- and B-endosulfan in marine sediment were approximately 3,981 and 19,953,
respectively (Peterson and Batley, 1993). Adsorption of the isomers to soil particulates is predicted
based on the relation between octanol/water partition coefficient (Kqyw) and K, and have been
estimated to be 2,887 and 1,958, respectively (USEPA, 2000a). Others demonstrated, in
adsorption/desorption studies of a- and - isomers, that strong adsorption onto organic matter in soils,
with no differences between the isomers, occurred (Rao and Murty, 1980; Gorlitz, 1987; Byers et al.,
1965; Richardson and Epstein, 1971).

In California, the Environmental Montitoring and Pest Management Branch of DPR (EM &
PM, 1991) determined soil adsorption coefficients for endosulfan to range for the a- isomer, (pH 5.4)
from 63 in silty loam soil to 678 (pH 5.8) in loamy sand. For the B-isomer, the range was 74 (pH 5.4)
in silty loam soil to 445 (pH 5.8) in loamy sand.

In an agricultural area near Oxnard, CA, endosulfan was detected in concentrations of 20 - 30
ppm in 2 creek bed and drainage ditch sites at Point Mugu watershed (an agricultural area) (Leung et
al., 1998). Other sites sampled from the same study had much lower concentrations.

Thiodan 3EC was applied on tomatoes or bareground in 5 weekly applications at 5 Ib. a.i./acre
total (Hacker, 1989). Soil sampling for a- and -, endosulfan diol and sulfate was performed before,
immediately after and at designated intervals until 540 days after the last application. The half-life in
soil of the a- isomer was 46.1 days and for the - isomer was 90.8 days. Endosulfan sulfate residues in
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soil decreased by a factor of 4 by day 539, from its peak concentration at 180 days post-treatment and
diol residues were non-detectable 180 days after peak concentration. Data were similar whether
Thiodan 3EC was applied on tomatoes or to bareground. Endosulfan and metabolites did not leach
below 5 cm of soil under actual use conditions.

c) Air

In California, endosulfan has been monitored and detected in 34/39 or 23/39 samples by 8
hours after application for the a- and B-isomers, respectively (See Appendix A, Table 15 for a
summary of endosulfan concentrations and locations of monitoring stations; Beauvais, 2008).
Endosulfan can drift after aerial application and can be transported long distances before being
removed by wet or dry deposition (NRCC, 1975). A model for environmental distribution of organic
chemicals in air was characterized, in terms of persistence and spatial range, by Scheringer (1997).
This model shows that endosulfan has a limited spatial range (15% of the earth’s perimeter) and a
persistence of less than 10 days. The spatial range will increase with increased sorption of the
compound to particulate matter, a condition hypothesized to preclude a fast reaction of semivolatile
compounds with OH radicals. This suggests that bystander populations (non-occupational) could
potentially be exposed to endosulfan as bystanders. Therefore, endosulfan is under consideration for
listing as a toxic air contaminant (California Food and Agricultural Code: 14021-14027).

The endosulfan air/water distribution also determines the fate of the material in the atmosphere.
The air/water distribution of endosulfan was determined using a wetted wall column (Rice et al.
1997a). Pure a- endosulfan equilibrated in the column and the ratio of a- to B-endosulfan in the gas
phase became 8 to 92 at 20°C, showing that the a- isomer converts to the - isomer (Rice et al.,
1997b). Endosulfan can be volatilized from surface water, with a half-life for volatilization from
surface waters of approximately 11 days to more than a year (Callahan et al., 1979). This low
volatilization is also predicted by the vapor pressure and Henry’s Law Constant values for endosulfan
(see F. PHYSICAL AND CHEMICAL PROPERTIES, page 5). However, Cotham and Bidleman
(1989) reported substantial volatilization losses from aqueous surfaces in seawater/sediment
microcosm tests.

Endosulfan is quickly volatilized from plant surfaces (Archer, 1973; Ware, 1967). Willis et al.
(1987) showed that the limited loss of endosulfan in soybean field runoff was attributed to
volatilization/degradation of the compound from plant surfaces. Air samples taken in a wind tunnel
under defined conditions (20°C, 1 m/sec air velocity; relative humidity 40 - 60%) showed 60% of
endosulfan was volatilized from French bean surfaces and 12% volatilized from a silty sand soil after
24 hours (Rudel, 1997).

d) Plants

Endosulfan mobility in plants under laboratory and greenhouse conditions, showed endosulfan
(both a- and B- isomers) and metabolites (diol, ether and sulfate) penetrated plant surfaces and were
translocated from leaves to roots in bean and sugar beet plants (Beard and Ware, 1969). Under
controlled laboratory conditions, the majority of residues were from extracts of the plant surface
(clipped at soil level). The next higher endosulfan concentrations were found in extracts of the entire
macerated plant and the lowest amounts were in roots. After 16 days, most of the residues were in the
sulfate form, located on the plant surfaces. Under greenhouse conditions, a different pattern occurred.
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Translocation of a- and B- isomers occurred to a far greater extent, facilitated by the higher greenhouse
temperatures. By post-treatment day 4 the majority of the residues (primarily endosulfan sulfate) were
found in roots of both beans and sugar beets.

6. Plant Residues/Metabolites

Endosulfan residues can be found on tobacco and in tobacco products (a-, B-, sulfate and other
metabolites) in the range of 0.12 - 0.83 mg/kg (Chopra, et al., 1978; USEPA, 1980b). Alpha-
endosulfan comprised 13%, and - endosulfan was 78%, where the sulfate was 29% of the total residue
(Dorough, et al., 1978).

Endosulfan (Thiodan EC, 0.25 Ib/acre) was applied to apples and alfalfa in 3 or 1 sprayings,
respectively (Worthing, 1991; Maier-Bode, 1968). Results showed 50% of the a- and B- residues were
lost within 3-7 days. The primary metabolite was endosulfan sulfate, which in both cases was less than
0.2 ppm after 15 days. Similar results were obtained when various formulations of endosulfan (WP,
Dust, EC) were used in California on pears, peaches, cherries, strawberries, grapes and watermelon
(0.5 - 4 Ib/acre, 1-3 sprayings) (Maier-Bode, 1968; Menzie, 1969). Vegetables and grasses treated
with 0.21 Ib/acre (1-9 applications of EC, WP or dust) showed 5-50% endosulfan residue after 3-7
days.

7. Bioaccumulation (aquatic, terrestrial)

Bioaccumulation of endosulfan is reported in marine animals (e.g. mussels) and in freshwater
animals (e.g. crayfish) and terrestrial animals (Naqvi and Vaishnavi, 1993). In fresh water ecosystems,
residues in fish peak within 7-14 days of continuous exposure. Maximum bioconcentration factors
(BCFs) are less than 3,000 and residues are eliminated within 2 weeks after transfer to clean water. A
peak BCF of 600 for a-endosulfan occurred in mussel tissue after exposure in saltwater to 0.14-2.05
ug/l for 50 hours (Ernst, 1977; Reisch, et al., 1979). A similar study by Roberts (1972) showed that
mussels (Mytilus edulis) exposed to endosulfan (isomers not specified) at 100, 500 or 1000 ug/1 for 14,
42,70 or 112 days obtained peak bioconcentration at 70 days (BCF = 22.5). Tissue concentrations fell
rapidly after transfer of animals to fresh seawater (depuration half-life = 34 hours) (Ernst, 1977).
Bioaccumulation of a-, B- and endosulfan sulfate was higher in the edible and whole-body of striped
mullet (max BCF = 2,755) after a 28-day exposure to endosulfan in seawater, according to Schimmel,
etal. (1977). These residues decreased to undetectable levels in 48 hours after transfer of the animals
to uncontaminated seawater. A similar observation was made in treated zebra fish (Toledo and
Jonsson, 1992).

In fresh water studies, mosquito fish, catfish, and freshwater eels were exposed to endosulfan in
static tests (USEPA, 2000b). Maximum tissue concentrations in mosquito fish (933 ug/kg: a- isomer)
were found in fish exposed to 16 ug/L technical endosulfan for 24 hours. The maximum tissue
concentrations in fish exposed to 2 ug/L for 7 days was 143 ug a- isomer/kg. Mean endosulfan
residues in catfish were 61.3 ug/kg (a- isomer) following 7 days exposure to 0.7 ug/L technical
endosulfan. After 43 hours exposure to 1 ug/L technical endosulfan, mean residues in freshwater eels
were 0.145 ug/kg for the a- isomer, 0.138 ug/kg for the B-isomer and 0.117 ug/kg for endosulfan
sulfate (Novak and Ahmad, 1989).
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Endosulfan is also bioconcentrated in 2 strains of fish (Labeo rohita & Channa punctata) that
were treated with a- and f-endosulfan at 0, 0.1414 and 0.2274 ug/1 for one month (Ramaneswari and
Rao, 2000). Tissue analyses showed that the isomers of endosulfan persisted in the fish. Both the a-
and B-isomers were persistent in both strains of fish, with a- occurring at higher concentration. In L.
rohita, the a- form was bioconcentrated 5.2 times and had a bioconcentration factor (relative uptake of
endosulfan from it’s medium by the organisms) of 37.5. The B-form was bioconcentrated 7.7, with a
bioconcentration factor of 55.4. In C. punctata, the a- form bioconcentration was 1.8 times and had a
bioconcentration factor of 13.2 and the B-form bioconcentration was 11.8, with a bioconcentration
factor of 13.4. Endosulfan sulfate was found as a metabolite in L. rohita only (bioconcentration =
0.54; no bioconcentration factors were reported).

Bioaccumulation is different among terrestrial and aquatic organisms for the a-, - and sulfate
compounds (Suntio et al., 1988). The a-/B-/sulfate BCF ratios were 999/3863/1654 (algae),
5763/39457/29430 (snail), 831/1508/763 (mosquito) and 304/388/1741 (fish - species not stated).

A review of bioaccumulative potential and toxicity of endosulfan was published in 1993 (Naqvi
and Vaishnavi, 1999.
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III. TOXICOLOGY PROFILE

Overview: The toxicology profile is designed to provide data on the biological fate
(pharmacokinetics) and general toxicity of endosulfan. The pharmokinetics section (A.) considers
absorption through oral and dermal routes, distribution, biotransformation (metabolic fate) and
excretion, as well as the half-life in the body. The toxicity section (B. through I.) is comprised of acute
toxicity (B.) in humans or animals (single dose, technical and formulations), subchronic toxicity (C.) in
animals (repetitive doses up to 90 days with or without a recovery period) and (D.) chronic toxicity in
animals (up to 2 years). Subchronic and chronic studies provide data on intermediate and long-term
effects of endosulfan on hematology, clinical chemistry, macro- and micropathological effects.

Genetic toxicity (E.) examines the potential for endosulfan to cause direct gene mutations,
chromosomal damage or other effects. Endosulfan effects for 2 generations in rats was an in-depth
examination of reproductive toxicity (F.) and developmental toxicity (G.) examines effects of
endosulfan on fetuses exposed during organogenesis. Neurotoxicity (H.) examines both the potential
for endosulfan to induce nerve pathological effects, as well as the potential to induce behavioral
effects. The last section (I.) consists of supplemental studies that are related to the potential toxicity of
endosulfan. For regulatory purposes under SB950 it is necessary for DPR to designate which studies
are acceptable according to Federal Insecticide, Fungicide and Rodenticide Act Guidelines (FIFRA,
USEPA, 1997a, 1998a,b). Studies that are not acceptable, but contain useful information or are studies
from the open literature are considered to be supplemental and will be so designated in the toxicity
section.

A. PHARMACOKINETICS

Summary: The majority of endosulfan, regardless of exposure route, is excreted rapidly in feces, with
virtually no retention in tissues, despite the lipophilicity of endosulfan and its primary metabolite,
endosulfan sulfate. After a single endosulfan administration in the rat by oral gavage, elimination of
both a- and B-isomers is 75% in feces and 13% in urine by 120 hours. When the bile duct was
cannulated, elimination of both isomers in feces was decreased by about two-thirds at 48 hours.
Elimination in urine after bile duct cannulation however remained relatively unchanged. If the
enterohepatic recirculation was a major path, then elimination in the urine would have increased and
feces would have remained relatively unchanged. Therefore, enterohepatic circulation, conjugation
and elimination in the urine was not a major route for endosulfan metabolism. At 48 hours, oral
absorption (urine + bile) was approximately 59.7% for the a- isomer and 39.3% for the f-isomer. It is
not known how much radioactivity in the feces represented metabolites. It appears that as much as
13% of the a- isomer radioactivity and 10.8% of the B-isomers radioactivity in feces represented
metabolites. At 120 hours, 88% of a- ['*C]-endosulfan and 87% of B- ['*C]-endosulfan had been
eliminated. The majority of the radioactivity eliminated in feces was unmetabolized endosulfan. The
default policy for DPR is that if oral absorption is 80% and greater, the absorption is assumed to be
100%. After female rats were treated dermally with endosulfan, 47.3% of administered dose was
absorbed; however, the process took approximately 5 days. By this time, however, 95% of the
absorbed material had been eliminated. The highest tissue concentrations after gavage administration
in male rats were: kidney, seminal vesicle, epididymis and liver and in females, kidney, liver and
visceral fat. After dermal administration, fatty tissues had the highest concentrations. Endosulfan also
was located in the brain, a lipophilic tissue; however, this was a site of low concentrations. After oral
treatment in rats, endosulfan metabolites rapidly accumulated in liver and kidney, suggesting these
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organs are the primary sites of biotransformation. These organs show increased weights after
endosulfan treatment along with increases in xenobiotic metabolizing enzymes such as P450s and
glutathione-transferases.

1. Absorption
a) Oral

Specific studies to quantify the oral absorption of endosulfan in animals have been performed
and there is sufficient evidence to indicate that endosulfan is absorbed through the gastrointestinal tract
in both humans and animals (Nath and Dikshith, 1979; WHO, 1984; Chugh et al., 1998). a- and [
endosulfan, as well as the sulfate metabolite, have been detected in human autopsy samples (liver and
kidney) following acute ingestion in an attempted suicide (Demeter et al., 1977; Demeter and
Hendrickx, 1978). The isomers were primarily found in the stomach, small intestine (due to large
ingested volume), liver and kidney and appeared at a ratio similar to the formulation. Endosulfan has
also been located in the visceral fat, urine, brain, respired CO; and blood stream (indicating systemic
absorption has occurred; Deema et al., 1966).

Balb/c mice were fed a single oral dose of 0 to 0.30 mg of endosulfan in 300 mg of diet
(Deema et al., 1966). Results showed that 65% of the ['*C]-endosulfan was recovered after 24 hours
and the greatest concentration of endosulfan radioactivity in males was in feces. Below feces in
decending order of endosulfan radioactivity in males was visceral fat, urine, liver, small intestine,
kidney, brain, respiratory CO; and blood. In females the descending order of endosulfan radioactivity
concentration was feces, small intestine, urine, visceral fat, liver, kidney, respired CO; and blood. The
primary metabolite recovered from both sexes was endosulfan sulfate.

Male and female rats were gavaged with a single dose of ['*C] o- and p-endosulfan at 2 mg/kg
(Dorough, 1978). In addition, a group of males had the bile duct cannulated. After 48 hours, the
percentage of administered dose recovered in females was 61.6% in feces and 11.1% in urine for the a-
isomer and 55.1% in feces and 16.0% in urine for the B-isomer. Percentages of administered
radioactivity recovered in cannulated males were 21.9% in feces, 47.2% in bile and 12.5% in urine for
the a-isomer and 15.2% in feces, 28.9% in bile and 10.4% in urine for the B-isomer by 48 hours. At 48
hours, oral absorption (urine + bile) was approximately 59.7% for the a-isomer and 39.3% for the B[
isomer. This was the only time frame tested by bile cannulation for entrance of endosulfan metabolites
into the enterohepatic cycle. The enterohepatic circulation delays the elimination of xenobiotics. This
occurs via continuous recycling of a compound from the bile duct into the intestinal lumen, which is
then reabsorbed from the intestine and delivered to the liver via the portal blood. Enterohepatic
recirculation facilitates further metabolism and conjugation until a compound is eliminated in the
urine. It is not known how much radioactivity in the feces represented metabolites. It appears that as
much as 13% of the a-isomer radioactivity and 10.8% of the B-isomer radioactivity in feces
represented metabolites. These data also indicate that the biliary endosulfan metabolites do not enter
the enterohepatic cycle, since urinary elimination of radioactivity was not affected by bile cannulation.

Endosulfan does not form the metabolites that usually favor the enterohepatic cycle, such as
glucuronide, sulfate or glutathione conjugates. With conjugated metabolites, an enterohepatic cycle
can result where biliary secretion and intestinal reabsorption continue until renal excretion eliminates
the compound from the body. At 120 hours, 88% of a- ['*C]-endosulfan had been eliminated and 87%
of B-["*Clendosulfan had been eliminated in the urine and feces (bile). It appears, that the majority of
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the radioactivity in the feces was unmetabolized endosulfan. The default policy for DPR is that if oral
absorption is 80% or greater, the absorption is assumed to be 100%. Unlike most other chlorinated
hydrocarbons, there were no detectable residues in fat after 7 days.

In the same study by Dorough (1978), female rats fed 0.5 mg/kg/day of a- or B-endosulfan for
14 days showed that the kidney had the greatest radioactivity, followed by liver, visceral fat and
subcutaneous fat in descending order of concentration. Recovery of radioactivity after the 14 day
treatment was similar to that observed for a single dose, regardless of the isomer. After 14 days of
feeding, elimination was 61-65% of the consumed radioactivity. An additional 8% was eliminated
during a 14-day period following treatment. The half time for residues in tissues was 7 days after
treatment was discontinued and was 3 days in liver. There was no appreciable difference in percent
recovered in rats, either as a function of the isomer administered or the quantity consumed.

A later study by Chan et al., (2005) used '*C-Endosulfan (5 mg/kg; >95% radiopurity) in a
single dose by gavage to male Sprague-Dawley rats in 3 assays: 1) Blood time course and distribution:
18 treated males were sacrificed at 30 minutes and at 1, 2, 4 and 8 hours following treatment. 2)
Excretion: The urine and feces of 3 treated rats were collected in metabolism cages at 24 and 96 hours.
3) Blood time course and distribution following up to 3 doses of 5 mg/kg "*C-Endosulfan: 5 groups
(3/group): Group I: 1 animal terminated 1 hour; Group II: 1 treatment, sacrifice at 3 hours; Group III:
2 endosulfan treatments (3 h between doses), sacrificed 2 h after last dose; Group IV: 3 treatments (3 h
intervals), sacrificed 2 h after last dose; Group V: 3 treatments a 3 h intervals, sacrifice at 25 h after
last dose. Necropsies were performed after assay #1 and liver, kidney, fat, GI tract, muscle, brain,
heart, lung, spleen, testis and thyroid gland were examined for '*C activity at 1, 2, 4 and 8 hours post-
dose. For the assay #3, blood was collected at 2, 3, 5, 8 and 25 hours post-dose. Results showed that
the 3 rats in assay #2 had radioactivity detected in all tissues at each time point. In assay 2, 106.8% +/-
26.2% of *C was collected at 96 hours, with fecal (94%) being the major route of elimination and
urine (12.4%) the lesser. In assay #1 the greatest amount of '*C was in the GI tract (20 mg “endosulfan
equivalent”/L) and the least amount was in muscle (0.18 mg/L). '*C-endosulfan-derived radioactivity
in blood had a distribution half- life of 31 minutes and a terminal elimination half-life of 193 hours.
Blood concentration reached its maximum (Cmax) of 0.36 mg/L at 2 hours after dosing. Endosulfan
was rapidly absorbed from the GI tract in rats, with an absorption rate constant (ka) of 3.07/hour. The
absorption of endosulfan was considered to be 100% as was observed in the study by Dorough, 1978.

b) Dermal

Absorption, distribution and elimination were estimated in male rats (4/dose/timepoint) treated
with a single dermal dose of ['“C]-endosulfan in a water vehicle at 0.10, 0.83 or 10.13 mg/kg (Craine,
1986). Animals were sacrificed at 0.5, 1, 2, 4, 10 or 24 hours. Approximately 80% at each dose was
bound to the skin and the bound amount was in proportion to the amount applied. Binding to skin
occurred within 0.5 hour of application and did not increase with time of exposure up to 24 hours. The
remaining 20% of chemical was washed off with soapy water. At 10 hours, 72% of the applied dose
was bound to the skin and not absorbed, while 8% was systemically absorbed. By 24 hours, 25% of
the bound endosulfan (20% of applied dose) was absorbed. Rates of absorption at 0.5 hour were: 2.8,
21.7 and 453.9 ug/cm’ of skin/hour at the low, mid and high dose, respectively. At 24 hours,
absorption rates were 0.1, 0.7 and 6.3 ug/cm” of skin/hour at the low, mid and high dose, respectively.
Total dermal absorption was approximately 25% of bound material or 20% of total administered dose
by 24 hours and by 48 hours. Distribution to blood and tissues was observed at 0.5 hours and
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increased with time of exposure and dose. At 24 hours, endosulfan levels (ng/g of tissue) in kidney
were 3 times higher than the comparable levels observed in liver and fat. Blood levels were 2-3 times
higher than the brain concentrations. After 10 hours, approximately 10% of material bound to skin
was excreted in feces at about 3 times the rate of excretion in urine. Excretion was rapid once
endosulfan was absorbed.

A similar study was performed with female CD rats (4/dose/timepoint, Craine, 1988) with
dermal administration of (**C)-endosulfan 3-EC in a water vehicle at 0.1, 1.0 and 10 mg/kg, or
approximately 0.037, 0.37 and 3.7 mg/cm®. The site of application was washed at 10 hours post-
dosing. Animals were sacrificed at 24, 48, 72 and 168 hours post-dosing. Absorption was measured
by adding radioactivity in skin (after washing), feces, urine and carcass. After exposure,
approximately 80% of the dose (across all doses) remained bound to the skin. At 24 hours, 41.1% of
the applied dose was still bound to the skin but decreased to 23.8 and 7.0% at 48 and 72 hours,
respectively. At 24 hours, total penetration (% of dose) was 22.1, 16.1 and 3.8% at 0.1, 1.0 and 10
mg/kg, respectively and concentrations peaked at 48 hours. At 168 hours (5 days) 95% of the
absorbed dose had been excreted at all doses and at 168 hours the last portion of endosulfan remaining
on skin was also absorbed. Elimination was rapid, once endosulfan was absorbed. A total of 47.3%
(mean of the 2 lowest doses) of the applied dose was absorbed, and absorption approached saturation
at 1.0 mg/kg. The half-life at 0.1 and 1.0 mg/kg was approximately 72 hours. The Worker Health and
Safety Branch used 47.3% as the dermal absorption value in their occupational exposure assessment
for endosulfan (see Beauvais, 2008 for complete explanation of the rationale).

2. Distribution

a) Oral

Distribution studies were performed on male rats gavaged for 15 days at 5 or 10 mg/kg/day
endosulfan in an a- to - ratio of 2 tol (Gupta, 1978). At day 16, the isomers in the cerebrum,
cerebellum and brain stem showed a- to - ratio of 63 tol, with the - isomer undetected in the
cerebellum. Plasma levels had a 5 to 1 ratio for a- to f-isomers and only the sulfate metabolite was
detected in plasma. At 15 days post-treatment, plasma concentrations had declined more rapidly than
brain concentrations. The pattern of distribution followed the same trend at both treatment levels.

Wistar rats, gavaged for 30 days with endosulfan at 0.75, 2.5, 5.0 mg/kg/day for males or 0.25,
0.75, 1.5 mg/kg/day for females showed endosulfan levels in fatty tissues to be twice as high as those
found in the liver and the kidney (Dikshith et al., 1984). However, when ITRC strain male rats were
gavaged for 30 days at the much higher dose of 11 mg/kg/day endosulfan, the kidney had the highest
endosulfan concentration (Nath and Dikshith, 1979).

Endosulfan distribution in male ITRC rat reproductive tissues was examined after exposure to
a- and B- endosulfan by gavage at a ratio of 2 tol at 2.5 or 7.5 mg/kg/day for 60 days (Ansari et al.,
1984). Distribution patterns for the a-isomer were, in descending order, kidney, epididymis, ventral
prostate/spleen, testes, brain, and liver. Distribution for the B-isomer was, in descending order, seminal
vesicle, epididymis, heart, ventral prostate, spleen, and liver. For the a- and B-isomers combined, the
distribution pattern for residues, in descending order was, kidney, seminal vesicle, epididymis, and
liver. Female albino rats, fed 0.25 mg/kg/day of a- or B- isomers for 14 days, showed a residue
distribution pattern of kidney, liver, visceral fat and subcutaneous fat, in descending order of
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concentration (Dorough et al., 1978).
b) Dermal

Endosulfan was dermally applied daily to rats for 30 days at 18.8, 37.5, or 62.5 mg/kg/day
(males) and 9.8, 19.7 or 32.0 mg/kg/day (females) (Dikshith et al., 1988). Residue analyses at 30 days
showed that the greatest concentrations in males were in fatty tissue, followed by kidney, blood, liver,
and brain in descending order. In females the greatest concentrations of endosulfan residues were also
found in fatty tissues, followed by liver, blood, kidney and brain in descending order. Females,
however, had higher concentrations of endosulfan in fatty tissue than males.

When endosulfan was applied at highly toxic doses (263 mg/kg; 24 hours) to skin of rabbits,
only slight erythema was observed (Industria Prodotti Chimici, 1975).

Crossbred calves (5 total) weighing 60 to 170 kg and ranging from 4 to 11 months were
exposed to a 4% endosulfan dust formulation (Thiodan 4 Dust, Rigo Company) in an attempt to
remove lice (Nicholson and Cooper, 1977). The actual dose was not specified in the report.
Approximately 15 hours later, 1 calf was dead and the remaining 4 showed muscle tremors, twitching
of the ears, snapping of the eyelids and violent body jerks that caused the calf to fall as if shot.
Frenzied activity included running backward, somersaulting and aimless jumping as if to avoid
imaginary objects. The calves were covered with mud and the ground in the small pasture where they
were housed was crisscrossed with deep tracks and indications of violent convulsive activity.
Subsequently a second calf died and 1 was in lateral recumbency with clonic-tonic convulsions and
opisthotonos. The latter calf, a 4-month old Holstein-Friesian heifer weighing 70 kg, died moments
later and was necropsied. There were no gross lesions and laboratory analyses showed endosulfan
concentrations of 0.73 ppm in brain, 3.78 ppm in liver, and 0.10 ppm in rumen contents. The
remaining 2 calves appeared normal, however, when sprayed with a water hose, 1 calf, the oldest and
largest, became hyperexcitable and developed twitching of the ears, blepharospasm, muscle tremors,
violent clonic-tonic convulsions and ataxia. The signs disappeared within 10 minutes after spraying
was discontinued and the calf again appeared normal. Later in the day, however, this calf died. The
remaining 60 kg, 4-month old female Hereford recovered without complications.

¢) Intravenous

Cats received a single i.v. injection of 3 mg/kg endosulfan through a cannula in the femoral
vein and were sacrificed at 15 min., 30 min., 1, 2, 4 or 6 hours (Khanna, et al., 1979). Two patterns of
endosulfan distribution in the CNS occurred, depending on the lipid concentrations of the specific area.
Uptake and release peaked within 15 min. in areas with low percentage of lipid, such as cerebral
cortex and cerebellum. Lower uptake and slower release occurred in areas of higher lipid percentage,
such as spinal cord and brain stem. The concentration of endosulfan in plasma and liver also peaked at
15 min. Endosulfan sulfate formation reached a peak in 30 min.
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3. Biotransformation
a) In Vivo Studies

1. Oral

Endosulfan is readily metabolized in rats, mice and sheep following oral exposure (Deema et
al., 1966; Dorough et al., 1978; Gorbach et al., 1968). Endosulfan in its two stable isomeric forms can
be biotransformed into endosulfan sulfate and endosulfan diol (WHO, 1984). These compounds can
be further metabolized to endosulfan lactone, hydroxyether and ether. Figure 1 shows the pathway for
the biotransformation of endosulfan in rat and sheep based on Dorough et al. (1978) and Gorbach et al.
(1968). The study by Dorough et al. (1978) showed the major portion of residues in the excreta and/or
tissues of rats were unidentified polar metabolites that could not be extracted from the substrate,
whereas the nonpolar metabolites, including sulfate, diol, a-hydroxyether, lactone and ether derivatives
of endosulfan, were found in minor amounts. Metabolites in feces, including sulfates and glutathione
conjugates, do not appear to enter the enterohepatic cycle and are voided in the feces (Dorough et al.,
1978).

When mice were treated with a single dose of '*C-endosulfan, high concentrations of
endosulfan sulfate were found primarily in liver, intestine and visceral fat after 24 hours (Deema et al.,
1966). Five days after a single oral administration of *C-endosulfan to rats, the diol, sulfate, lactone
and ether metabolites were detected in feces (Dorough et al., 1978). In sheep, endosulfan sulfate was
detected in feces and endosulfan alcohol and a-hydroxyether were detected in urine (Gorbach et al.,
1979). All studies showed a large quantity of the parent compound in the tissues and excreta. Gupta
and Ehrnebo (1979) observed that half the parent endosulfan was excreted unchanged in rabbits after
intravenous injection. The metabolites (sulfate, diol) were detected in tissues and excreta following
longer exposures to endosulfan (Deema et al., 1966; Dorough et al., 1978). Since endosulfan sulfate
appears rapidly in the liver following intravenous administration of endosulfan in cats, it may be
concluded that the liver is a site of high metabolic conversion of endosulfan isomers to endosulfan
sulfate (Khanna et al., 1979).

Male rats fed 34 or 68 mg/kg/day endosulfan for 30 days showed endosulfan accumulation and
storage in the kidney (Hoechst, 1987). Histological examination of the kidney showed granular,
yellowish pigmentation and an increase in the number and size of lysosomes in the proximal
convoluted tubules that diminished during the 30-day recovery period. The lysosomal changes may
have been due to intracellular storage of endosulfan. The changes decreased significantly after a
subsequent 30-day recovery period, suggesting that endosulfan is metabolized in the kidneys (Hoechst,
1987).

1i. Inhalation

Endosulfan (65% - and 30% ~-isomers; 99.9% pure) was administered as an aerosol (whole

body) to adult male (225-250 g) Sprague-Dawley rats (6 males/dose) at 0, 2, 4, 8, 16 and 24 mg/kg
body weight for 3 hours per day, 5 days per week for 30 days (Bebe and Panemangalore, 2003). At the
end of treatment, rats were terminated and livers, lungs and erythrocytes were assayed for superoxide
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dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX) and concentrations of glutathione
(GSH). Endosulfan decreased erythrocyte SOD (21% in all groups), liver SOD (12-20%), and lung
SOD (21% and 51% at 16 and 24 mg/kg, respectively). Erythrocyte GPX was increased at the lower
doses but was decreased at 16 and 24 mg/kg (26 and 19%, respectively). Liver GPX was increased at
24 mg/kg and lung GPX was decreased (20-38%) across all groups. GSH in liver and lung was
decreased by 30% at the lower doses and by 41-70% at the high doses. Endosulfan exposure can
modify antioxidant enzymes such that it contributes to oxidative stress in some tissues. The NOEL for
this study was 2.0 mg/kg/day based on enzyme induction or decrease in the lung and liver (5x higher
than the 0.194 mg/kg/day selected as the critical inhalation NOEL, see IV. A., page 90).

b) In Vitro Studies

An in vitro study by Dehn et al. (2005) showed that HepG2 cells (human hepatocytes) treated
with endosulfan (95% pure; both - and ~-isomers) at 10 mM had an increase in cytochrome P450

(CYP) 1A (n=18) and CYP2B (n=56) and a decrease in reduced glutathione (GSH; n=29) after a 24[]
hour exposure.

Endosulfan was used on Saccharomyces cerevisiae and human cell lines (HepG2 and HeLa) in
order to determine the toxic mechanism (Sohn, et al., 2004). Results showed that the ICs, for
cytotoxicity was 49 uM and 86 uM for HepG2 and HeLa cells, respectively. Treatment of S.
cerevisiae resulted in oxidative damage as shown by thiobarbituric acid-reactive substance (TBARS)
production, in a dose-dependent manner and the growth inhibition was recovered by treatment with
lipid-soluble antioxidants (c-tocopherol; -carotene) suggesting that endosulfan toxicity may be
induced by reactive oxygen species (ROS) generation. Inhibiton of cellular respiration by endosulfan
and recovery of respiration activity by antioxidants confirmed (according to the authors) that
endosulfan treatment resulted in oxidative stress and inhibits respiration via ROS generation.

Both a- and ~-endosulfan (HPLC grade), each added to “single donor”” human liver

microsomes (HLM) plus an NADPH-generating system, resulted in the formation of the primary
metabolite (considered to be the toxic metabolite) endosulfan sulfate (Lee et al., 2006). Production of
the sulfate metabolite (Vi.x pmol/min/pmol P450) for the a-isomer was 1.48 versus 4.40 for the B[
isomer. This resulted in an intrinsic clearance (Cl;,; ul/min/pmol P450) of 3.5 times higher for the B[]

isomer (to sulfate metabolite) than for the a-isomer, indicating that the ~-isomer is cleared more

rapidly than the a-isomer. The correlation between P450s involved with endosulfan metabolism and
formation of endosulfan sulfate showed that the a- metabolism was correlated with CYP2B6 and
CYP3A and B-endosulfan metabolism was correlated with CYP3A activity. Stereoselective
endosulfan sulfate formation from human recombinant P450s (CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19,
2D6, 2E1, 3A4 and 3A5) showed that a-endosulfan is mediated by CYP2B6, CYP3A4 and CYP3AS

and ~-isomer was mediated by CYP3A4 and CYP3AS.

Technical endosulfan (a- and B-isomers) was used on Chinese Hamster Ovary (CHO-K1) cells
at 0 (DMSO), 6.25, 12.5 and 25 ug/ml (50 ug/ml used for cytotoxicity assay only) to assay for
glutathione (GSSG), glutathione peroxidase (GPX), reductase (GTR) and S-transferase (GST)
activities (Bayoumi et al., 2001). GSSG and GPX were statistically significantly increased at all doses,
GTR was decreased at 25 ug/ml and GST was decreased at all doses. Lactate dehydrogenase (LDH)
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was increased by endosulfan (indicating increased membrane permeability), but only at very high
doses (100 ug/ml and greater).

4. Excretion

Endosulfan excretion in human urine was assessed after an agriculture worker was exposed
under greenhouse conditions (Arrebola, et al., 1999). In Almeria, Spain, a 34-year old man, wearing a
Tivek Pro-Tech protective overall, gloves and a breathing mask sprayed 300 liters of endosulfan (0.7
g/1) on cucumbers and peppers within a 1000-m” flat roof experimental greenhouse of polyethylene. A
semi-stationary high volume two-stroke sprayer (flow rate = 3.7 1/min) was used for spraying from
ground level upwards to a height of 2 m for 25 min. Ten urine samples were taken over 3 days post-
exposure (control = urine from a non-occupationally exposed man). Urine samples were extracted to
obtain a- and - endosulfan and metabolites, which were then analyzed by Gas Chromatography-
Tandem Mass Spectrometry (GC-MS/MS). The highest concentration of endosulfan in urine (5368
pg/ml) was reached at approximately 0.2 days after application. A decline in a- and - endosulfan
concentration occurred for 1.5 days until a constant value (2239-2535 pg/ml), similar to the non-
occupationally exposed man (2416 pg/ml), was reached. Metabolites were not found above detection
limits. The a-isomer was excreted faster than the B-isomer by first order kinetics, with half-lives of
0.738 d! (a-) and 0.60 d”' (B-), or approximately 1.35 and 1.67 days, respectively.

Figure 1. Proposed Metabolic Pathway in Rat and Sheep for Endosulfan (Dorough, et al., 1978;
Gorbach et al., 1968; Bebe and Panemangatore, 2003; Lee et al., 2006) Phase I reactions on
endosulfan are performed with P450s: CYP2B6, CYP3A4 & CYP3AS; Phase II reaction is with GST;
Other enzymes involved with endosulfan metabolism are antioxidants: SOD, GPX and CAT
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Limited information on excretion of endosulfan and metabolites by exposed workers was
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obtained from urinary samples analyzed by gas chromatography-tandem mass spectrometry (Vidal et
al., 1998). To validate the analytical method, urine samples were collected from nine pest control
operators (PCOs) in Spain. Four of the PCOs had applied pesticides the previous day, and 5 the
previous week, with all applications lasting 2-5 hours. Self-reported working conditions indicated lack
of protective overalls, breathing masks, or gloves. Endosulfan and metabolites (endosulfan ether and
endosulfan lactone) were detected in urine from all four PCOs who applied pesticides the previous day.
In these 4 samples, a-endosulfan concentrations ranged 787-894 pg/ml, and B-endosulfan
concentrations ranged 801-896 pg/ml. Endosulfan and metabolites (endosulfan lactone and endosulfan
sulfate) were detected in urine from 4 of the 5 PCOs who applied pesticides the previous week.
Concentrations were lower than in workers applying pesticides the previous day; a-endosulfan
concentrations ranged 84 -123 pg/ml, and B-endosulfan concentrations ranged from below the
detection limit of 18 pg/ml -169 pg/ml. No information was provided about endosulfan formulations
or amounts applied, thus, no relationships can be determined between these results and exposures.
Additionally, the intermediate metabolic products, endosulfan diol and a-hydroxy ether, were not
included in the assay (From Beauvais, 2001).

Lactating sheep were administered a single oral dose of ['*C]-endosulfan (65% a- and 35% B[
endosulfan) at 0, 0.30 or 0.26 mg/kg (Gorbach et al., 1968). Twenty-two days after dosing,
elimination was 50% in feces and 40% in urine. Peak levels of elimination were reached at 2-3 days
and comprised 73-74% of the total dose administered. This is similar to the elimination levels
achieved in the rat after 14 days of treatment in diet. A total of 0.9-1.8% of radioactivity was
eliminated in the milk after 17 days, with peak elimination at 1-2 days. The diol and a-hydroxyether
metabolites were detected in urine, and endosulfan sulfate was detected in milk. No major metabolites
were retained in the fat or in the organs at 40 days.

Goats fed endosulfan for 28 days showed rapid elimination (Indraningsih et al., 1993).
Elimination half-lives were between 1.1 and 3.1 days for endosulfan residues in organs and tissues.

Endosulfan was administered in a single i.v. dose to rabbits at 2 mg/kg in a 7 to 3 ratio of a- to
B-, showing lower plasma clearance for the a- isomer (Gupta and Ehrnebe, 1979). At 5 days
post-dosing, 37% and 11% appeared in urine and 2.7% and 0.4% appeared in feces as the
unmetabolized a- and B-isomers, respectively.

5. Other Studies

a) Protein Intake and Endosulfan Distribution

Female Wistar rats were fed endosulfan in low (5%) or high (24%) protein diets at 0.05 or 10
mg/kg/day (Das and Garg, 1981). Rats were treated for 9 and 18 weeks on the 5% diet, and for 18
weeks on the 24% diet. Results showed a dose-related increase in a-, -, and sulfate residues in
perirenal adipose from the 5% protein diet after 9 and 18 weeks. -, B-, and sulfate residues were
lower in perirenal fat of rats on the 24% protein diet compared to the 5% protein diet.

b) Enzyme Induction

Endosulfan was administered by gavage to male Wistar rats at 7.5 or 10 mg/kg/day for 15 or 30
days to assess induction of kidney enzymes (Singh and Pandey, 1989a). Microsomal and cytosolic
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proteins in kidney were increased after 30 days and induction of alcohol dehydrogenase and cytosolic
GST occurred. P450 was inhibited and non-enzymatic lipid peroxidation occurred resulting in
microsomal membrane damage. Kidney microsomal and cytosolic proteins were increased by 36%
and 20%, respectively, after 30 days. There was a decrease in reduced GST and an increase in
NAD/NADH, potentially leading to overall renal toxicity. Using the same protocol, Singh and Pandey
(1989c) assessed the effects of endosulfan on selected liver enzymes. P450, alcohol dehydrogenase,
glutathione S-transferase, NADPH cytochrome c-reductase, and NADH oxidase activities were
significantly increased while cytochrome b5 and NADH cytochrome b5 reductase were decreased. At
30 days, testosterone, androstenedione, aromatase and 3- and 17B-hydroxysteroid dehydrogenase
were significantly decreased at 30 days, while dihydrotestosterone and androstanediol were increased.

Both Wistar Utrecht and SPF Wistar male rats showed significant induction of liver
microsomal enzymes (24% above control), aniline hydroxylase (23% above control) and aminopyrine
demethylase (91% above control) at 20 mg/kg/day for 2 weeks (Den Tonkelaar and Van Esch, 1974).
There were no effects at 5 mg/kg/day.

Liver microsomal P-450 was induced in both sexes of rat after single and multiple
administrations of endosulfan (Fabacher, et al., 1980; Siddiqui et al., 1987; Tyagi et al., 1984).
Aminopyrine-N-demethylase, aniline hydroxylase and glutathione S-transferase activities were
induced in hepatic and extrahepatic tissues in the rat (Agarwal et al., 1978; Narayan, et al., 1984,
1990a and 1990b; Den Tonkelaar, et al., 1974; Robacker, et al., 1981; Singh and Pandey, 1989c¢).

¢) Tumor Promotion

The a- and B-endosulfan isomers were each tested for their ability to promote tumors in the
two-stage altered hepatic foci bioassay in male rats (Fransson-Steen et al., 1992). The stronger was ol
endosulfan. Since the phenobarbital and methylcholanthrene-inducible forms of hepatic microsomal
P-450s were only marginally induced by technical, a- and f-endosulfan, it was concluded that the
induction of microsomal P-450 as the agent of tumor promotion was unlikely. Instead, the authors
suggested that endosulfan functions by inducing clonal expansion of initiated cells.

Fransson-Steen and Warngard (1992) showed that one possible mechanism of tumor promotion
by endosulfan is the inhibition of gap junctional intercellular communication in vitro. In primary rat
hepatocytes, f-endosulfan is a more potent inhibitor of intercellular communication than a-endosulfan.

However, the two isomers had similar inhibitory potency in WB-Fischer 344 rat liver epithelial cells.
Although the mechanism of inhibition of intercellular communication by endosulfan is not known,
results from studies in IAR 20 rat liver epithelial cells have suggested an effect on connexin 43, the
main gap junction protein in this cell line (Kenne et al., 1994). Phosphorylation of connexins is one
post-translational alteration involved in regulation of gap junctional communication (Musil et al.,
1990). In the TAR20 cell line, endosulfan was found to increase phosphorylation of connexin 43
initially. Longer exposures, however, led to hypophosphorylation. The biological significance of gap
junctional intercellular communication in tumor promotion in in vivo studies is not known. Endosulfan
has not been associated with tumor promotion in any study performed in vivo.

Flodstrom, et al. (1988) used endosulfan and the metabolites sulfate, alcohol, ether and lactone,

in vivo and in vitro to assess carcinogenic potency (ability to enhance enzyme altered foci (EAF) in rat
liver), tumor promoting ability and inhibition of intercellular communication. EAF were not induced
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in vivo, but in vitro tests indicated endosulfan might be a promotor.

d) Effects In Vitro on Cellular Respiration

Human T-cell leukemic line (Jurkat cells) was used in vitro to assess the cytotoxic and
apoptogenic potential of endosulfan and to provide evidence of the involvement of mitochondria in
endosulfan-mediated apoptosis (Kannan, et al., 2000). Endosulfan technical (70:30 a- and B- isomers)
at 10 - 200 uM was used on Jurkat cells for O - 48 hours that were subsequently analyzed for
biochemical and molecular characteristics of T-cell apoptosis. Endosulfan decreased cell viability and
inhibited cell growth in a concentration and time-dependent manner. Apoptosis was statistically
significantly increased at 10-200 uM (90% at 48 hr, 50 mM). Mitochondrial transmembrane potential
in treated cells was significantly decreased in a concentration and time-dependent manner (within 30
min) and was correlated with other parameters of apoptosis. The mechanism for T-cell apoptosis was
proposed to be: uncoupling of oxidative phosphorylation, leading to excess R-OH, leading to GSH
depletion, leading to oxidative stress, the disruption of mitochondrial trans-membrane potential, then
release of cytochrome C and other apoptosis-related proteins to cytosol and finally to apoptosis. This
study shows endosulfan may contribute to T-cell and thymocyte loss and have a possible role of
mitochondrial dysfunction and oxidative stress in endosulfan toxicity.

Increased oxygen consumption, induced by endosulfan, was demonstrated in vitro in T- and B-
lymphocytes from male albino rats (Kannan, et al., 1982; abstract). Thymocytes, splenocytes and bone
marrow cells treated at 10 to 10”M endosulfan showed several-fold-stimulation of cellular
respiration, which was dose-dependent. Bone marrow cells were not affected by endosulfan treatment.

Rat liver mitochondria were treated with endosulfan at 5, 10, 25, 33, 50 & 100 ug/ml, with
endosulfan sulfate at 10, 25 and 50 ug/ml, with endosulfan diol at 10, 25 and 50 ug/ml and with
endosulfan lactone at 10, 25, 50 and 100 ug/ml. This in vitro study was performed to test the effects
on respiration and mitochondrial enzyme activities (Dubey, et al., 1984). Results showed that
endosulfan stimulated state-4 respiration (f -hydroxybutyrate + ADP) at lower concentrations (25 & 33
ug/ml) but inhibited it at higher ones. The sulfate and diol metabolites had similar effects but at 50
ug/ml. State-3 respiration (no ADP added) was inhibited at all the concentrations of endosulfan and
metabolites used (5-100 ug/ml). The lactone metabolite showed no effects. Endosulfan activated
Mg ?-ATPase 25 fold at 33 ug/ml, while the sulfate and diol activations were not quite doubled at each
dose. The lactone metabolite had no effect. Activities of the respiratory chain-linked enzymes
(succinate dehydrogenase, succinate-cytochrome c-reductase, NADH-dehydrogenase, cytochrome c-
oxidases, Mg “-ATPase, monoamine oxidase) were inhibited in a dose-related manner by endosulfan
(but not metabolites). Both the respiratory control ratio and the ADP:oxygen ratio decreased sharply at
endosulfan concentrations above 10 ug/ml. This study indicates that endosulfan and metabolites both
uncouple oxidative phosphorylation and inhibit the electron transport chain in mitochondria. Thus, the
in vivo cytotoxic/insecticidal properties attributed to endosulfan and metabolites might be due to
impairment of mitochondrial bioenergetics.

e) In Vitro Cellular Communication (liver)

Hepatocyte gap junctional intercellular communication was inhibited in vitro by endosulfan, as
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well as by the sulfate, lactone and ether metabolites (Ruch et al., 1990). Gap junctional intercellular
communication was also inhibited by both a- and - isomers in primary Sprague-Dawley rat
hepatocytes, as well as WB-F344 rat liver cell lines (Fransson-Steen & Warngard, 1992).

B. ACUTE TOXICITY
1. Summary:

a) Technical Material

There were no acceptable oral LDsg studies for endosulfan; however, the lowest LDs, was 7.38
mg/kg in the male mouse (Gupta et al., 1981) and 9.58 in the female rat (Scholz and Weigand, 1971b),
with clinical signs of neurotoxicity. The dermal LDsy ranged from 74 mg/kg in female rats to 1000
mg/kg in guinea pigs. An LCsy was obtained from an acceptable acute inhalation study in the rat. The
LCs for females was 0.0126 mg/L (2.1 mg/kg) and for males was 0.0345 mg/L (5.8 mg/kg) and there
were clinical signs of irregular respiration, passivity, disequilibrium, trembling, tremors, tono-clonic
convulsions and reduced excitability. A No Observed Effect Level (NOEL) for this study was not
achieved. Ocular irritation in rabbits was slight and dermal irritation tests showed mild erythema in
rabbits after a single 24-hour exposure. Endosulfan was not a dermal irritant in the guinea pig.

b) Endosulfan Formulations

Values for each test type ranged broadly depending upon the formulation, species and gender;
however, all rat oral LDs values were higher than those observed for technical material. The clinical
signs, however, were similar. The largest contrast between genders was 194.4 versus 18.8 mg/kg for
males and females, respectively, with Thiodan 2 CO/EC. On the other hand, Thionex LDsy was 125
mg/kg for males and females. The dermal LDs in the rat with Thionex 35EC was 3.5 times higher
than that for the technical material and in rabbit, the values were 1.4 to 14 times higher. Rabbit dermal
LDsy was 2000 mg/kg with 50% WP and 1076 and 930 mg/kg for males and females, respectively for
Thiodan 2 CO/EC. For the rat the dermal LD50 was 256 mg/kg for both genders for Thionex 35 EC.
Although there was great variation among formulations and technical LCsy’s, they were all within the
same range except Thiodan 2 CO/EC (4 times greater). Ocular and dermal irritation values were
similar between technical and formula, and Thiodan 2 CO/EC was not sensitizing. All studies with
formulated products were performed according to FIFRA Guidelines.

2. Studies Performed with Technical Material

a) Rat
1. Gavage

Endosulfan was administered by gavage in a single dose to Sherman rats (5/sex/dose) at 0
(ground-nut oil), 31.6, 46.4, 68.1, 100, 147 and 215 mg/kg (males) and at 0, 6.3, 8.0, 10 and 12.5
mg/kg in females (Scholz and Weigand, 1971a & b). Beginning at 1 hour post-dosing, males showed
depression, lacrimation, exophthalmia, labored respiration and ataxia. Several animals (number not
specified) also showed salivation, tremors, clonic- and tonic convulsions and depressed righting,
placement and pain reflexes. Males at 147 and 215 mg/kg showed salivation, rapid and labored
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respiration and depressed or absent righting, placement and pain reflexes. Death was preceded by
bloody discharge from the eyes, gasping, tonic and clonic convulsions and coma. Surviving animals at
100 mg/kg and below showed ataxia and diarrhea, rapid and/or labored respiration and depression for
24 hours post dosing. They were essentially normal by 48 hours. Males that died showed hyperemic
or hemorrhagic lungs, irritation of the pyloric portion of the stomach and the small intestine and
congested kidneys and adrenals. Males that survived to autopsy showed congested areas of
consolidation in the lungs and congestion in the adrenals. The LDs, for males was 48 mg/kg
bodyweight. The results of the study performed in females were presented only as a summary (Scholz
and Weigand, 1971a, b). Females dying within 2 to 24 hours showed disequilibrium, muscular tremors
and extension spasms. Macroscopic post-mortem examinations showed reddening of shorter portions
of the small intestine. The LDs, for females was 10 mg/kg. Supplemental.

Male albino Wistar rats were gavaged with endosulfan at 30 mg/kg (single dose, 4 rats) or at 0
(corn oil), 10 and 15 mg/kg/day (5 days, 6 rats per dose) in order to examine oxidant stress-inducing
effects in liver and cerebral tissues (Hincal, et al., 1995). Glutathione redox ratios ([GSSG/(GSH +
GSSG)] x 100), a measure of lipid peroxidation, were increased in a dose-related manner in brain and
liver after both single and multiple-dose treatments. Selenium, as a measure of selenium-containing
glutathione peroxidase (repairs oxidative damage), was decreased by 11% in liver and brain tissue at
15 mg/kg (only dose tested). Oxidant stress was more pronounced in cerebral tissue, where endosulfan
serves as a GABA-antagonist. Supplemental.

Endosulfan technical was administered by gavage to male albino rats (5/dose) at 10, 21.5, 46.4,
100, 215, and 464 mg/kg (Elsea, 1957). The acute LDsy was 110 mg/kg, with confidence limits from
55 to 220 mg/kg. At 10 and 21.5 mg/kg, animals showed signs of depression, while at 46.4 mg/kg and
greater, there was increased preening, salivation, excessive masticatory movements, lacrimation,
exophthalmia, and rapid, labored respiration. Prior to death, bloody nasal discharge, ataxia, sprawling
of the limbs, tremors, depressed or absent righting, placement and pain reflexes and Straub-like tails
were noted. The severe clinical signs of phonation, tonic and clonic convulsions, gasping and coma,
immediately preceded death. The surviving animals at 10 and 21.5 mg/kg appeared normal within 24
hours. Survivors at 46.4 and 100 mg/kg showed slight depression, nasal discharge and labored
respiration through the 48-hour period following dosing. Subsequently, these animals exhibited
normal behavior. The 1 survivor at 215 mg/kg was depressed and showed bloody nasal discharge and
rapid and labored respiration through 48 hours following dosing and nasal discharge during the
remainder of the observation period. Gross autopsies on animals that died showed hyperemic or
hemorrhagic lungs, irritation of the small intestine and congested kidneys and adrenals. Other
surviving animals showed no gross pathological findings. There were no data presented, beyond the
number of deaths. Supplemental.

i1. Dietary

Boyd and Dobos (1969) tested the effects of a protein-deficient diet on endosulfan tolerance in
albino rats. Results would have application to the choice of endosulfan as a pesticide in countries
where the diet is low in protein. Weanling albino rats were fed for 28 days with diets of laboratory
chow, 3.5% casein (low protein) or 26% casein (normal protein prepared diet). After 4 weeks on these
diets, rats were treated with endosulfan at 0, 50, 75, 100, 125, 140, 150, 160, 175, 200 and 225
mg/kg/day (laboratory chow); 0, 10, 20, 25, 30, 50 and 60 mg/kg (low protein) or 0, 50, 75, 90, 110,
120, 125, 140 and 160 mg/kg (normal protein). There were 15-16 rats per dose per group. Rats fed a
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protein-deficient diet were more susceptible to the acute toxicity of endosulfan. The LDs, for
laboratory chow was 121 +/- 16 mg/kg, normal protein diet was 102 +/- 16 mg/kg and low protein diet
showed 24 +/- 10 mg/kg. At the LDs, for all diet groups, rats showed initial stimulation, then CNS
depression, epistaxis, soft stools, oligodipsia, decreased body weight, hypothermia, diuresis, glycosuria
and local GI inflammation. Effects were observed at all doses within each group; however, they
disappeared by 2 - 4 weeks in surviving rats. Other studies were performed with the same results
(Boyd, 1972; Boyd et al., 1970). Supplemental.

1i1. Inhalation

An acute, nose-only, inhalation study was performed with endosulfan (97.2% pure) in Wistar
rats (5/sex/dose) at 0 (polyethylene glycol + ethanol), 0.0036, 0.0123, 0.0288, 0.0401 and 0.0658 mg/L
(approximately equivalent to 0.61-F only; 2.08, 4.87 & 11.13 mg/kg) in aerosol form for 4 hours
(Hollander and Weigand, 1983). Observation time periods were at 11, 149, 179, 240, 314 and 434
minutes and 1, 7 and 14 days post-dosing. The LCs, values were calculated by a method described in
the report. The LCs, for males was 0.0345mg/L air (5.84 mg/kg) and for females was 0.0126 mg/L air
(2.13 mg/kg). Clinical observations were made for all dose groups; however, they increased in
incidence and severity in a dose-related and time (post dosing) related manner. At 0.0036 ug/L, there
was dyspnea, trembling, passivity and disturbed equilibrium that stopped at 449 min, with all animals
surviving, and no pathological effects. At 0.0123, 0.0288 and 0.0401 ug/L, there were tremors, tonic-
clonic convulsions, decreased corneal reflex, decreased pupillary light reflex, decreased righting reflex,
decreased startle reflex, decreased paw reflex and decreased cutaneous reflex. These effects increased
with time and dose. At 0.0123 ug/L there was no pathological effects and no deaths. At 0.0288 ug/L,
4/5 animals died on study, with 2/4 showing little dark-red spots in the lung. At 0.0401 ug/L, all
animals died, with 2/3 showing pathological findings (little dark-red spots in the lung). At the high
dose of 0.0658 mg/L animals showed dyspnea, disturbed equilibrium, trembling, tremors, tonic-clonic
and convulsions, before all animals died (Table 2). There was a concentration-related reduction of
bodyweight gains observed in males until 3 days after the exposures and in females until 14 days after
the exposure. A NOEL was not achieved (LOEL = 0.61 mg/kg). This study was acceptable.
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Table 2. Clinical Signs of Neurotoxicity Observed in a Rat LCsy Study (Hollander & Weigand, 1983)

# Affected at Each Dose of Endosulfan—mg/kg (Time of onset)
Effects Observed 0.61 [2.08 [4.87 |g6.7g8 [11.13
Males (5/dose treated)
# Died (over time span) -- 0 0 5(101-243”) | --
Dyspnea -- 5(28”) 5(117) 5(6”) --
Passivity -- 5(240™) 0 0 --
Disturbed equilibrium -- 5(240™) 5179 541 --
Trembling -- 0 5 (149”) 5(617) --
Tremors -- 0 0 5(817) --
Tonic/clonic convulsions -- 0 5(1797) 5(917) --
Corneal reflex decreased -- 0 5(240™) 2/2 (240™) --
Pupillary light reflex decreased -- 0 5 (240”) 2/2 (240™) --
Righting reflex decreased -- 0 5 (240”) 2/2 (240”) --
Startle reflex decreased -- 0 5(240™) 2/2 (240) --
Paw reflex decreased -- 0 5 (240™) 2/2 (240™) --
Cutaneous reflex decreased -- 0 5 (240™) 2/2 (240™) --
Females (5/dose treated)
# Died (over time span) 0 3 (218-323”) 4 (224-314”) | 5(89-161") 5 (64-120™)
Dyspnea 5334 528 5117 5(6”) 5(5”)
Trembling 501647 |5(67) 5059 5367 535
Disturbed equilibrium 5(219”) | 5(123”) 5(130”) 5(317) 5(20”)
Tremors 0 5(123”) 0 5(41”) 5 (40”)
Tonic/clonic convulsions 0 4 (240”) 5(130”) 5(517) 5(50”)
Corneal reflex decreased 0 4 (240”) 4 (224”) 0 0
Pupillary light reflex decreased 0 4 (240”) 4 (224”) 0 0
Righting reflex decreased 0 4 (240”) 4 (224”) 0 0
Startle reflex decreased 0 4 (240”) 4 (224”) 0 0
Paw reflex decreased 0 4 (240”) 4 (224”) 0 0
Cutaneous reflex decreased 0 4 (240”) 4 (224”) 0 0
-- = Males or females not dosed at these concentrations; “ = minutes postdosing for effect to start (14d post-dosing observation period).

1v. Dermal

A single endosulfan treatment was administered dermally, without occlusion, to Sherman rats

(60 males and 70 females) at unspecified dose levels (Gaines, 1969). Results provided LDsg values of
130 mg/kg for males and 74 mg/kg for females. Dermal effects were erythema and slight
desquamation. The study lacked body weights, actual doses tested and clinical effects. Supplemental.

b) Dog - Oral

A single oral dose of endosulfan in a gelatin capsule was administered at 0, 34, 39.5, 50, 65,
84.5, 109.8, 142.7 or 185.5 mg/kg to 5 mixed breed dogs per sex per dose (Nogami, 1970). Dogs that
died had clonic and tonic convulsions, followed by respiratory paralysis. Necropsy of these dogs
showed congestion of the blood in lungs and livers as well as congested blood in the stomach and
small intestines. The LDsy was 76.7 mg/kg. There were no deaths at 34 and 39.5 mg/kg; however,

44



ENDOSULFAN RCD - 2/08

clinical observations were not described in the study unless death occurred. It is not known if the
surviving animals had signs of toxicity at 34 or 39.5 mg/kg. There was no differentiation between
effects in males versus females. This was only a summary and is supplemental.

c) Rabbit, Guinea Pig - Dermal Irritation

In a summary of a study by Industria Prodotti Chimici (1975), results showed slight erythema
after a single 24-hour exposure of the skin of rabbits to 263 mg/kg endosulfan technical. A study
performed in guinea pigs showed no skin irritation at 48 hours after a 6-hour exposure to 40%
endosulfan technical in polyethylene glycol (Jung and Weigand, 1983). The study did not specify the
actual amount of endosulfan administered. This study was supplemental.

d) Rabbit
1. Dermal

Endosulfan technical, dissolved in chloroform, was painted on the skin of female albino rabbits
(4/dose) at 125 to 225 mg/kg (Gupta and Chandra, 1975). The use of an occlusive bandage was not
indicated. Animals were observed for 7 days and subsequent post-mortem and histopathological
exams were performed. Only data for animals at 225 mg/kg were included in the report. The onset of
effects appeared at 0-3 hours, with 3/4 showing hyperresponsiveness to sudden sound and tactile
stimuli and 1/4 showing moderate tremors. In addition, unspecified numbers of animals at 225 mg/kg
were stated to have exhibited hyperexcitability, dyspnea, decreased respiration, and discharge from
eyes. At 225 mg/kg, these effects progressed to tonic and clonic convulsions and subsequent death in
all animals by 24 hours. Liver, kidney and adrenal toxicity was observed at all doses, however the
extent and incidence at each dose was not stated. Liver changes were degeneration of hepatocytes with
foamy cytoplasm and bile duct proliferation. Proximal convoluted tubules in kidneys were necrotic
and desquamated and adrenal cortex showed swollen foamy cytoplasm, with eccentric nuclei.
Supplemental.

Endosulfan was administered dermally to albino rabbits (4/dose, unspecified gender) at 0
(cotton seed oil), 46.4, 100, 215, 464 and 1000 mg/kg (Elsea, 1957). The treated area of closely
clipped skin was occluded under a rubber dental dam and wrapped with gauze for the entire 24-hour
exposure period. Gross necropsies were performed on all animals and daily observations were
performed for dermal irritation and systemic toxicity for 7 days. Clinical signs were not described. A
slight erythema, observed in all treated animals, disappeared within 1 to 4 days. It was stated that the
treated skin of surviving animals at the higher doses (doses not specified) showed slight atonia and/or
slight desquamation during the final 3 to 4 days of observation. Gross necropsies performed on
animals that died on study showed congested lungs containing hemorrhagic areas, granular-appearing
livers, irritation of the large intestine and congested kidneys. Surviving animals necropsied at
termination appeared normal. There were only data for time of death provided in this study. The LDsg
for dermal exposure was 359 mg/kg. Supplemental.

1i. Ocular Irritation

In a study by Gupta and Chandra (1975), endosulfan technical was administered to Industrial
Toxicology Research Centre bred female albino rabbits (6/dose). Aqueous suspensions were 5, 10 and
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20% with an unspecified amount of endosulfan per concentration. At the highest dose, there was no
irritation or congestion. Authors speculated that this lack of effect is possibly due to rapid removal of
instilled suspension by lacrimal fluid. Supplemental.

Albino rabbits (3 total) were treated with a single application of 3.0 mg in the conjunctival sac
of the left eye of each rabbit (Elsea, 1957). The treated eye was held closed for 30 seconds, after
which an immediate reading was made. Observations for gross signs of eye irritation were continued
at 1, 4 and 24 hours post dosing and daily thereafter for 6 days. Immediately following application, the
eyes showed a very mild irritation, characterized by a very slight erythema and vascularization of the
sclera and nictitating membrane (accompanied by lacrimation). Subsequently, the signs of eye
irritation gradually subsided and at 24 hours post dosing and daily thereafter; the eyes of each rabbit
appeared grossly normal. Throughout the observation period of 7 days, each animal exhibited normal
appearance and behavior, including a normal increase in body weight. This report was an abstract
only. No data were included. Supplemental.

e) Mice -- Oral

Endosulfan was administered by gavage to mice at 13 mg/kg/day for 5 days to investigate the
effect on kidney pathology and on biochemistry (G6PD, CAT, SOD, GSH and MDA) in the
supernatant of kidney homogenate (Caglar, et al., 2003). Mitochondrial degeneration in the cytoplasm,
lipofuscin granules and membranous structures were observed in proximal convoluted tubule cells. In
some glomeruli, there were ultrastructural changes such as fusion in the pedicels (foot-like process)
and focal thickening at the glomerular basal membrane. Cytoplasmic bulges were also ovserved in
some of the distal convoluted tubule cells. All enzymes were affected in kidney tissue supernatant.
The kidney degeneration, observed mainly in the proximal convoluted tubule cells, was hypothesized
to be responsible for membrane alterations leading to kidney pathology. Supplemental.

3. Studies Performed With Endosulfan Formulations
a) Rat
1. Gavage

Studies with formulations in rats showed that LDs, for endosulfan 50 WP (50% endosulfan)
was 82 mg/kg for males and 30 mg/kg for females. For Thionex 35 EC (32.42% endosulfan), the LDs
was 25 mg/kg for both genders and for Thiodan 2 CO/EC (23.1% endosulfan) the LDsy was 194.4
mg/kg for males and 18.8 mg/kg for females (Intox Labs, 1985a; Freeman, 1989a; Lightowler, 1978).
Clinical signs were generally similar among formulations: convulsions, tremors, decreased motor
activity, piloerection and hunching. Deaths occurred generally between 30 minutes and 6 hours of
dosing. The shortest interval (30 min.) was for Thiodex 35 EC, where the intervals for the other
formulations were similar. Necropsy revealed that endosulfan 50 WP induced meningeal hemorrhage,
reddening of the small intestines and brain and raised white nodules in the lung with hepatic and
pulmonary congestion. Thionex 35 EC treatment was associated with meningeal hemorrhage, hepatic
and pulmonary congestion and clear oral discharge. There were no lesions observed at necropsy with
Thiodan 2 CO/EC. Acceptable study.

Endosulfan 33.7% EC was administered by oral gavage to Wistar rats (5/sex/dose) at 0, 35, 53
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and 80 mg/kg (Senshaiah, 1997a). Mortality: 35 (M:0/5, F: 3/5), 53 (M:2/5, F:5/5), 80 (M:3/5, F:5/5).
Clinical Signs (lethargy, tremors, tonic clonic convulsions, exophthalmos, and piloerection) were
observed. Necropsy revealed that the animals dying on study had congestion of the lungs, mild pallor
of the kidney (one animal) and focal hemorrhage of the thymus (one animal). The survivors showed
no treatment-related lesions at termination. The LDs, for both sexes was 44.6 mg/kg (Toxicity
Category I). This study was acceptable.

1. Dermal

Thionex 35 EC was applied dermally to Charles River CD rats at 0, 0.457, 0.64, 0.897, 1.254 or
1.754 ml/kg for 24 hours with occlusion (Lightowler and Gardner, 1978). Clinical observations
showed vocalization, decreased motor activity, snout pigmentation, skin exfoliation and tremors at 0.9
ml/kg. Death occurred at all dosages within 28 hours of testing. Necropsies revealed pulmonary
congestion with clear or bloody areas. The LDsy was 25 mg/kg of formulated product (13B49 mg/kg,
Category II), estimated by probit analysis). This study was acceptable.

1i1. Inhalation

Endosulfan (37% EC) was administered to Wistar rats (5/sex/dose) in air at 0.16, 0.5 and 5.6
mg/L (nominal concentrations of 0.3, 2.5 and 15.9 mg/L for a 4 hour exposure; Seshaiah, 1997).
Mortalities in males (0/5, 3/5, 5/5) and in females (0/5, 5/5, 5/5) were observed along with clinical
signs of chromorhinorrhea, sluggishness, and ataxia. At necropsy, lungs (congestion and emphysema)
and livers (mottled in females) were affected. The LCs in both sexes was greater than 0.16 mg/L but
less than 0.5 mg/L (Category II). This study was acceptable.

Sprague-Dawley rats were exposed for 4 hours to Endosulfan 50 WP in air at 0, 0.3, 2.5 or 15.9
mg/L (Rosenfeld, 1985). The actual concentrations in the breathing zone (measured gravimetrically)
were 0.16, 0.5 and 5.6 (maximum attainable concentration) mg/L, respectively. Clinical signs were
chromorhinorrhea, sluggishness, ataxia, oral discharge and perineal staining. Target organs were lungs
(congestion and emphysema) and livers (mottled in females), as above. The NOEL was 0.3 mg/L
(0.16 mg/L measured). This study was acceptable.

Wistar rats were exposed to Thionex 35 EC in air for 4 hours at 0, 0.027, 0.052, 0.124, 0.262 or
0.393 mg/L (Buch and Gardner, 1983). Clinical signs were decreased motor activity, hunched posture,
muscle spasticity and tremor, piloerection and pigmented staining of the snout (observed at all doses).
A NOEL was not established in this study. There were no deaths in males at 0.124 mg/L and below
and no deaths in females at 0.027 mg/L. This study was acceptable.

Sprague-Dawley rats were exposed to Thiodan 2 CO/EC in air for 4 hours at 0, 1.02, 1.48 or
1.96 mg/L (males) and 0.28, 0.39 or 1.96 mg/L (females) (Freeman, 1989c¢). Clinical signs of
neurotoxicity were observed at all doses in both sexes. There were no deaths in males at 1.02 mg/L
and no deaths in females at 0.28 mg/L. This study was acceptable.
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b) Rabbit
1. Dermal

New Zealand rabbits were treated dermally with Thiodan 2 CO/EC at 0, 500, 1000 or 2000
mg/kg for 24 hours with occlusion and exhibited clonic convulsions, loss of muscle control, tremors,
hypersensitivity to touch, oral discharge and grinding of the teeth (Freeman, 1989b). The NOEL was
500 mg/kg (both sexes). This study was acceptable.

Endosulfan 50 WP was applied dermally on New Zealand rabbits at 0 or 2000 mg/kg for 24
hours with occlusion (Intox Labs, 1985b). Clinical observations showed soft stools, diarrhea and nasal
discharge. Necropsy showed no gross lesions in surviving animals. There were no deaths in males
and 1/5 females died. This study was acceptable.

Endosulfan (33.7% EC) was administered to the skin of New Zealand White rabbits
(5/sex/dose) at 0, 100, 320 or 400 mg/kg for 24 hours under an occlusive wrap (Bakili, 1997a).
Mortality at 100 (M: 2/5, F: 1/5), 320 (M/F: 4/5) and 400 (M/F: 5/5) mg/kg was observed. Clinical
signs of hyperactivity, gasping, tremors, paralysis of the hind limbs and erythema at the site of
application were observed. Necropsy revealed lung congestion in conjunction with emphysema, dark
red patches on the surface of the kidney, congestion of the kidney and liver, focal hemorrhages on the
thymus, frothy exudate and hemorrhagic streaks in the trachea, paleness and atrophy of the spleen.
The LDsg (95% confidence limits) was 131 (55 to 311) mg/kg in males, and 178 (107 to 295) mg/kg in
females (Toxicity Category I). This study was acceptable.

il. Primary Eye Irritation

Endosulfan 50 WP was administered to New Zealand White rabbits (6) at 0.45 mg/eye (weight
equivalent of 0.1 ml of the test article)/eye (Intox, 1985c). Results showed corneal opacity grade 1
(1/6 at 48 hrs after exposure, clearing by day 6), conjunctival irritation (grade 2 in 1/6, grade 1 in 2/6 at
24 hrs after exposure, persisting in 1/6 (grade 1) at day 6, clearing at day 17). There was no iritis
(Category III). This study was acceptable.

Thiodan 2 CO/EC was administered to New Zealand White rabbits (9) at 0.1 ml/eye (Freeman,
1989d). Three animals had their eyes washed with tap water 20 to 30 seconds post-dose and 6 rabbit
eyes were unwashed post-dose. No animals died. At day 1, grade 1 corneal opacity (2/9) and grade 1
B 2 conjunctival irritation (5/9) occurred and at day 2 there was corneal opacity (2/9). By day 3 there
was no eye irritation (Toxicity Category III). This study was acceptable.

A primary eye irritation study was performed with endosulfan (33.7% EC; 0.1 ml/eye) on New
Zealand rabbits (6 females) by ocular instillation with 0.1 ml/eye (Bakili, 1997b). Four of the animals
exhibited hindlimb paralysis (3 Bday 3, 1 Bday 8) and 1 died on day 6. Corneal opacity was evident in
5 animals at 48 hours (4/6 = grade 1; 1/6 = grade 2). Opacity cleared by day 7 in 3 animals, however
the 4™ died and the 5" had grade 3 opacity throughout the 21-day observation period. No iritis was
evident. Conjunctival redness, grades 3 (1/6), 2 (4/6) and 1 (1/6), was noted at 24 hours. By 7 days,
grade 1 was evident in one animal only. Chemosis, grades 3 (1/6) and 2 (5/6), was apparent at 24
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hours, diminishing to grades 2 (1/5) and 1 (1/5) at 7 days and clearing by day 21. Discharge, grades 2
(5/6) and 1 (1/6) and grades 2 (1/5) and 1 (2/5) were noted at 24 hours and 7 days, respectively,
clearing by day 21 (Toxicity Category I). This study was acceptable.

iii. Dermal Irritation

Studies performed on New Zealand White rabbits (6) with Endosulfan 33.7% EC at 0.5 ml/site,
one site/animal for 4 hours under a semi-occlusive wrap (Bakili, 1997¢). Two of the animals died
within 48 hours of dosing. Three of the remaining 4 animals suffered hindlimb paralysis. Erythema
grade 1 (5/5) at 1 hour post-exposure, grade 1 (3/4) at 24 hours, grade 1 (4/4) at 48 hours and grade 1
(2/4) at 72 hours was observed (cleared by day 7). Edema, not evident at 1 hour post-exposure
occurred at grade 1 (1/4) at 24 hours through day 7 (clear by day 14) (Toxicity Category IV). This
study was acceptable.

Older studies performed with Endosulfan 50 WP (Intox, 1985c) and Thiodan 50 WP (FMC,
1983) used New Zealand White rabbits (6/study) to test for dermal irritation at 0.5 g/site with
occlusion for 4 hours. Thiodan 50 WP was used on both abraded and unabraded skin. There was no
irritation in either study (Toxicity Category IV). This study was acceptable.

Thiodan 2 CO/EC was used on New Zealand White rabbits (6) to test for dermal irritation at
0.5 ml/site for 4 hours with occlusion (Freeman, 1989¢). At 4.5 hours post dose, grade 1 erythema
2/6), at day 1 grade 1 erythema (1/6), at day 2 grade 1 B 3 erythema (6/6), however by day 14 post-
dose, desquamation occurred (4/6). In another study Thionex 35 EC was used on New Zealand white
rabbits (4) at 0.5 ml/site for 4 hours with occlusion (Crown, 1982). Results showed that a mild to
moderate erythema was induced at 24 and 48 hours. Both studies were Toxicity Category III and were
acceptable according to FIFRA Guidelines.

¢) Guinea Pig -- Dermal Sensitization

Hartley guinea pigs were tested with Drexel Endosulfan 3EC (33.7% EC; 10/sex/dose),
Thiodan 2 CO/EC (25% w/v solution in tap water; 10/sex/dose) and Endosulfan 50 WP (5% w/v; 10
females treated, 5 control) at 0 (physiological saline) or 0.1 ml for 4 hours in a dermal sensitization
assay (Sundar, 1997, Freeman, 19891, and Intox, 1985e). Positive controls were used with Thiodan 2
CO/EC (1-chloro-2, 4-dinitrobenzene, DNCB) and Drexel Endosulfan 3EC (mercaptobenzothiazole)
and they functioned as expected. Thiodan 2 CO/EC and Endosulfan 50 WP were non-sensitizing. For
Drexel Endosulfan 3EC challenge (24 hours post-exposure) one animal each exhibited a grade 2 and a
grade 1 erythema response. At 48 and 72 hours, the score for both these animals was grade 1. The test
material is a moderate dermal sensitizer in this assay based upon the 10% response rate. All studies
were acceptable.

d) Calf - Dermal
Calves dusted with a 4% dust formulation of endosulfan showed neurological signs (tremors,

twitching, convulsions) and death within 24 hours of exposure (Nicholson and Cooper, 1977). The
actual exposure dose and length of treatment were not stated in the report. Supplemental.
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4. Comparisons of Effects and LDs¢s in Technical versus Formulations

Endosulfan technical and formulated products, in general, had higher LDs values for males
than for females. Oral exposure had comparable male and female LDs, values for both technical and
formulated products. Dermal LDs, values were comparable for both sexes; however, formulated
product values were approximately 2 - 20 times higher than those of technical material. Inhalation
exposure showed comparable LDs, values between technical and formulations; however, male values
were approximately 3 times higher than those of females. In general, oral toxicity was highest and
dermal was the lowest for both technical and formulated endosulfan.

C. SUBCHRONIC TOXICITY

Summary: There were several studies that were acceptable according to FIFRA Guidelines and
many others in the open literature with useful information (supplemental). Rats were the major species
studied and effects occurred, in general, at greater than 1.0 mg/kg/day in both dietary and gavage
studies. The primary effects were observed in the hematology and liver metabolism assays. A
decrease in plasma (serum, 31%) and RBC (12%) ChE was observed in female rats (subchronic,
dietary), but only at toxic doses (27.17 mg/kg/day). In addition, kidney and liver pathological effects
were observed. Gavage studies, as well as dermal, inhalation and intraperitoneal rat studies, showed
tonic/clonic convulsions and behavioral (memory) effects in addition to some of the effects also
observed in the dietary studies. In the rat dietary studies, NOELs ranged from 1.0 to 5.0 mg/kg/day (1
mouse study = 2.3 mg/kg/day), gavage studies ranged from 0.625 to 3.0 mg/kg/day (1 mouse study =
3.0 mg/kg/day), dermal studies ranged from 1.0 to 54 mg/kg/day, inhalation was 1.0 ug/L (0.194
mg/kg/day) and intraperitoneal were 0.5 - 3.0 mg/kg/day. There was some variation between sexes,
with each sex being more and less sensitive even within study types. In many of the open literature
studies, primary effects were neurotoxicity and testicular toxicity; however, effects to the immune
system were also denoted by a decrease in cell-mediated immunity in rats at 2.0 mg/kg/day or greater.

1. Rat
a) Dietary

The most sensitive indicator of subchronic toxic effects occurred in a rat subchronic dietary
study, which included a 4-week, post-treatment recovery. CD rats (25/sex/dose treated, 5/sex/dose
recovery) were fed endosulfan in the diet for 13 weeks at 0, 10, 30, 60, or 360 ppm (Barnard, et al.,
1985). Achieved doses in males were 0, 0.64, 1.92, 3.85 or 23.41 mg/kg/day and in females were 0.75,
2.26,4.59 or 27.17 mg/kg/day. Results showed an increased incidence in clinical signs (hair loss in
dorsal/scapular/cervical regions in early part of the study) among females at 4.59 mg/kg/day and
greater and in males there were enlarged kidneys at 3.85 mg/kg/day and greater (these effects in M/F
were reversed during recovery). Microscopically, livers showed granular brown pigment in males and
centrilobular enlargement of hepatocytes at 23.41 mg/kg/day for males and 27.17 mg/kg/day for
females. In kidneys, discoloration (pigmentation) was increased primarily at 3.85 mg/kg/day and
greater in males and for females, 4.59 mg/kg/day and greater but it was reduced to trace amounts or
was completely reversed after the 4-week recovery. Granular/clumped pigment remained in males
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after recovery. Both the discoloration and the granular/clumped pigments continued after treatement,
but did not seem to have any toxicological effect. Packed cell volume was statistically significantly
decreased in males throughout treatment and recovery at 23.41 mg/kg/day. RBCs were statistically
significantly decreased in males (> 1.92 mg/kg/day, week 6; > 3.85 mg/kg/day, week 13 and at 23.41
mg/kg/day week 17 recovery). In females RBCs were statistically significantly decreased (> 4.59
mg/kg/day, week 6; 27.17 mg/kg/day, week 13, reversed at week 17 recovery). In males hemoglobin
(Hb) was statistically significantly decreased (> 1.92 mg/kg/day week 6; 23.41 mg/kg/day week 13; >
3.85 mg/kg/day at recovery). In females Hb was decreased (> 4.59 mg/kg/day, week 6; > 0.75
mg/kg/day—not dose related, week 13; reversed at recovery). Mean corpuscular hemoglobin
concentration was decreased at 23.41 mg/kg/day in males and 27.17 mg/kg/day in females, throughout
treatment and recovery. Mean cell volume was increased in males early in treatment and after
recovery at 23.41 mg/kg/day and at 4.59 mg/kg/day and greater, throughout treatment and recovery in
females. Females at 27.17 mg/kg/day had lower plasma cholinesterase (ChE, 59% of control) and
RBC ChE (88% of control) activities and dark urine with increased ketones. Brain ChE, on the other
hand, was increased at 4.59 mg/kg/day (119% of control) and at 27.17 mg/kg/day (120% of control) in
females at termination. At 0.75 mg/kg/day, brain ChE was increased 104% of control and at 2.26
mg/kg/day it was increased 115% of control. This effect was likely incidental because it was not
observed in males and the standard deviations in all dosed groups were almost twice that of control. In
addition, the effects were not dose-related and were not observed in any other subchronic or chronic
study reviewed by DPR. Increased absolute liver weights were reported in both sexes at 23.41
mg/kg/day (males) and 27.17 mg/kg/day. Males had significantly increased epididymal weights at
23.41 mg/kg/day, which were 9% greater than control. Absolute kidney weights were statistically
significantly increased at 3.85 mg/kg/day and greater in males (9% and 24%, respectively) and in
females at 27.17 mg/kg/day (9%), compared to control. Water consumption and the water-to-food
intake was statistically significantly decreased in males at week 5 at 1.92 mg/kg/day or greater, but was
reversed by week 12. Females had decreased water consumption week 5 (also later reversed) at 27.17
mg/kg/day.) The NOEL was established at 30 ppm (1.92 mg/kg/day (M) and 2.26 mg/kg/day (F)),
based on the occurrence of kidney pathological effects, hematology effects, decreased plasma and
RBC cholinesterase, decreased water consumption and increased absolute kidney and liver weights.
These NOELSs will be used to calculate the margin of exposure for potential subchronic, seasonal
human exposures to endosulfan. This study is acceptable. See Tables 3 and 4 for the major effects.
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Table 3. Endosulfan Effects in a 13-Week Rat Subchronic Diet Study and 4 Week Recovery (Barnard et al. 1985)

Endosulfan Dose (mg/kg/day)--Males Endosulfan Dose (mg/kg/day)--Females
Effects (Mean values) vt Lo Tass Toar 1o 05 a2 aso 2T
Food Intake g/rat, wk 1-2* | 342 353 352 349 339 260 261 258 250 2209%*
Body Wt Gain (g) Wk 1-2 | 106 107 112 109 103 50 51 49 46 34%*
Water to Food Ratio 1.5 1.4 1.3%* 1.3% 1.3% 1.6 1.6 1.6 1.6 1.5
Water Consumed (g) Wk 5 | 272 256 247*% | 241%* | 245%* | 216 215 214 216 190*
HEMATOLOGY
Packed Cell Vol (%) wk 6 | 51 52 51 51 49%* 48 49 49 48 48
Week 13 52 53 52 51 49%* 48 49 49 50 48
Week 17 52 52 53 52 49%* 49 49 49 44 47
Hemoglobin (g/dl) wk 6 | 14.6 14.9 14.1* 13.8%* | 13.4*%* | 13.7 13.9 13.4 12.8%* | 12.4%*
Week 13 16.1 16.5 16.1 15.9 15%* 15 14.5*% | 14.4* 14.5% 14.3%*
Week 17 16.6 16 16 15.7% 15%* 14.8 15.2 15.9 13.7 14.5
RBC (X106/cmm) wk 6 7.9 7.9 7.5% 7.2%% TH* 6.8 6.9 6.7 6.4* 6.1%**
Week 13 9.4 9.4 9.2 8.8* 8.6%* 7.9 7.5 7.7 7.7 7.3%*
Week 17 8.8 8.4 8.4 8.2 7.8%* 7.1 7.4 7.6 6.6 7.0
MCHC® (%) Week 6 28.8 28.9 27.7%*% | 27.3%*% | 27.3%*% | 28.6 28.6 27.3% 26.9%* | 26.2%**
Week 13 30.9 314 30.7 31 30.6 31 30.4 29.8%* | 29.2%* | 20 8**
Week 17 31.9 30.6* | 30.2** | 30.3** | 30.3** | 30.3 30.9 32.4% 30.8% 30.9*%
Mean Cell Vol (fly wk 6 | 65 66 68%* 70%* 70%* 71 70 73 74%* 78%*
Week 13 56 56 57 58 57 61 64 63 65%* 66**
Week 17 59 63 63 63 64* 69 66* 64* 68* 67*

CHOLINESTEREASE ACTIVITY

Plasma (umol/ml/min) Wk 5 | 0.42 | 0.43 | 0.44 0.42 0.42 1.21 1.20 1.11 1.13 0.79%*
Week 12 0.47 | 0.46 | 0.50 0.45 0.47 1.61 1.55 1.57 1.70 0.95%*
Week 16 -- -- -- -- -- 1.42 1.63 1.39 1.42 1.44
RBC ChE-mol/ml/min Wk 5 | 1.68 | 1.63 | 1.51 1.63 1.57 1.65 1.66 1.57 1.57 1.64
Week 12 1.75 | 1.87 | 1.71 1.87 1.78 1.89 1.65 1.79 1.77 1.66*
Week 16 -- -- -- -- -- 2.41 2.21 2.07 2.23 2.28
Br ChE (umol/g/min) Term 7.06 | 7.66 | 5.88 6.32 7.0 5.31 5.51 6.08 6.30* 6.35%
Week 16 -- -- -- -- -- 4.92 4.84 5.04 4.54 4.74
Plasma ChE -%cont Wk 5 -- 102 105 100 100 -- 99 91 93 65%*
Week 12 -- 98 106 97 100 -- 96 96 106 59%**
Week 16 -- -- -- -- -- -- 115 98 100 101
RBC ChE -% cont-Wk 5 -- 97 89 97 93 -- 100 95 95 99
Week 12 -- 107 | 98 107 102 -- 87 95 94 88*
Week 16 -- -- -- -- -- -- 92 86 93 95
Brain ChE -% cont Termin - 109 83 90 99 -- 104 115 119* 120
Week 16 -- -- -- -- -- -- 98 102 92 96

a - Selected weeks were time periods where parameters showed statistical significance in at least 1 sex.

b - MCHC = Mean Corpuscular Hemoglobin Concentration

*, *#* _ Significant at p < 0.05 & 0.01, respectively.

NOTE: Blood tests were on 10/sex/dose. Body weights, food consumption, water consumption and organ weights were
for 20/sex/dose at termination and 5/sex/dose at recovery. ChE assays were on 10/sex/dose.
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Table 4. Pathological Effects in a 13-Week Rat Endosulfan Diet Study, With 4-Week Recovery
(Barnard et al., 1985)

Effects Observed (mean Endosulfan Dose (mg/kg/d)--Males Endosulfan Dose (mg/kg/d)--Females
values) 0 o064 |1.92 |38 [2341 [0 [075 [2.26 [459 [27.17
MACROSCOPIC PATHOLOGICAL EFFECTS": Organ Weights (grams)”

Brain — Termination 204 208 [2.10 [207 |207 1.84 | 1.84 | 1.86 | 1.93%* [ 1.96**
Brain—Recovery 1.97 [2.0 [2.03 [2.08* [2.08* [1.92 [1.88 |1.88 | 1.88 1.94
Week 16 - - - - - 142 [ 1.63 [ 139 [1.42 1.44
Liver — Terminal 203 [21.7 [21.0 [21.7 |248% [120 [11.6 | 114 | 120 15.03**
Recovery 224 [220 [222 [204 229 126 [ 134 [12.1 [ 119 13.8
Kidneys — Termination 410 | 414 |418 [449% |510%* | 256 253 [2.50 [257 [ 2.82%
Recovery 401 [396 [4.09 [415 |474% [248 |2.75 [256 [259 [2.63
Epididymides -- Term 1.21 | 1.27 1.29 1.27 1.33% -- -- -- -- --
Recovery 1.28 | 1.11 1.25 1.35 1.41 -- -- -- -- --
MACROSCOPIC PATHOLOGY"

Enlarged Kidneys oo [oo oo |20 |1t Joo [oo [oo [oo |oo
MICROSCOPIC PATHOLOGICAL EFFECTS"

Liver: Granular Brown o0 oo |oo |oo |50 00 |00 |00 [o0 |00
Pigment in Hepatocytes

Liver: Centrilobular 00 |oo |oo |oo |10 00 |00 |00 |00 500
Enlargement of Hepatocytes

Kidney: Yellow Discolored

—YCells (Prox CT - Trace 00 | 143 |17/1 |70 0/4 00 |00 |1/0 |80 19/0
Minimal 00 o0 |20 |95 7/0 00 o000 Jo0 [0/ 0/0
Moderate 00 |00 |00 |30 13/0 00 |00 |00 |00 0/0
Oranular Cumped PIEmEt o0 o0 |02 |35 oo o o0 oo |02 |17
Minimal 00 |00 |02 |40 7/1 00 |00 |00 |00 2/0
Moderate 00 |00 |00 |00 13/4 00 |00 |00 |00 0/0
Yellowish Material in

Lumen (Prox. CT)® -Minimat | %0 |00 |00 |00 13/0 00 |00 |00 |0/0 0/0
Intracytopl Eosinophilic

Drops (rox. CTY Minimal | %0 |00 00 |00 6/0 00 |00 |00 |0/0 0/0

a — Organ weights were for 20/sex/dose at termination

b — The number of observations in the main study (of 20 rats)/# observations in the recovery study (of 5 rats).
¢ — Prox CT = proximal convoluted tubuled.

d— St/Prox. CT = Straight portions and/or occasional proximal convoluted tubules.

*, % - Significant at p < 0.05 & 0.01, respectively.

Wistar male rats were fed endosulfan in their diet for 4 weeks at 0, 360 or 720 ppm (equivalent
dose of 34 or 68 mg/kg/day) (Leist and Kramer, 1985). Of the 20 treated rats per group, 10 were
terminated after 4 weeks and 10 were kept for a 4-week recovery period. Pigmented kidney cells were
observed in male Wistar rats after 4 weeks at both doses. The LOEL was 34 mg/kg/day. A NOEL was
not achieved in this study. This study was acceptable.

Wistar rats (80/sex/dose) were fed endosulfan in the diet for 30 days at 0, 3.0 and 6.0
mg/kg/day (Paul, et al., 1995). Results showed a sex-related difference in neurobehavioral and hepatic
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effects. Mortality (30%, 24/80) occurred in females at 6.0 mg/kg/day, but no males died. Absolute
liver weights were increased significantly in a dose-related manner in both sexes, though hepatomegaly
was greater in females. Serum and liver transaminases and liver alkaline phosphatase levels were
significantly increased, primarily in females at 6.0 mg/kg/day. Motor activity was more markedly
stimulated in males; however, increases were significant in both sexes at 6.0 mg/kg/day. Learning and
memory were significantly affected in both sexes at 3.0 mg/kg/day (only dose used for
neurobehavioral group). The LOEL was 3.0 mg/kg/day, based on mortality, systemic and
neurobehavioral effects. Supplemental.

b) Gavage

Albino rats (6/sex/dose) were gavaged with endosulfan technical at 0 (peanut oil), 0.75, 2.5 and
5.0 mg/kg/day (males) and 0.25, 0.75 and 1.5 mg/kg/day (females) for 30 days (Dikshith et al., 1984).
Results at all doses showed hyperexcitability, tremor, dyspnea and salivation that disappeared after 3-4
days. These effects were considered transitional and therefore were not used to establish a LOEL.
Relative liver (17%), kidney (9%) and testes (55%) weights were significantly increased at 5.0
mg/kg/day. Females had statistically significantly decreased kidney weights at 1.5 mg/kg/day. Some
blood parameters were significantly affected (liver alkaline phosphatase, RBC, neutrophils) in both
sexes of treated rats at the high doses. Levels of total endosulfan were statistically significantly
increased in blood serum, fatty tissue, and liver of both sexes and in female kidneys at the high dose.
The NOEL for males was 2.5 mg/kg/day and for females was 0.75 mg/kg/day. Supplemental.

ITRC female rats (15/dose) were gavaged with endosulfan technical at 0 (corn oil), 1.0, 2.5 and
5.0 mg/kg/day for 7 or 15 days (Gupta and Gupta, 1977). Pentobarbital was administered (50
mg/kg/day) i.p. 24 hours after the final dose to evaluate whether the hepatic microsomal enzymes
induced by endosulfan affected the sleeping time. The NOEL was 1.0 mg/kg/day based on increased
liver weights and sleeping time. Supplemental.

ITRC male rats (8/dose) were treated by gavage at 0 (peanut oil), 5.0 and 10 mg/kg/day for 15
days (Gupta and Chandra, 1977). Absolute organ weights were significantly decreased (kidney, lungs
and testes) and 3/8 died at 10 mg/kg/day. Although no individual data for pathological effects were
reported, it was stated that at both doses, livers showed focal necrosis, Kupffer cell hyperplasia and
bile duct proliferation. At 10 mg/kg/day, kidneys showed congestion and focal tubular degeneration.
Testes at 10 mg/kg/day showed seminiferous tubule degeneration and interstitial edema. One-third of
the tubules in a section were devoid of spermatogenic elements and were lined by a single layer of
cells consisting of Sertoli cells and some spermatogonia. The study was limited by the fact that there
was high mortality at 10 mg/kg/day. A NOEL was not established. Supplemental.

Adult male Wistar rats (6/dose/treatment) received doses of endosulfan (E) by gavage at 0
(groundnut oil), and 7.5 mg/kg/day, ethanol (EtOH in saline) at 1.5 mg/kg/day or both at 7.5
mg/kg/day (E) + 1.5 mg/kg/day (EtOH) for 30 days (Singh and Pandey, 1991). Subsequently, livers
were weighed, cytosolic and microsomal mixed function oxidases (MFO), NADPH-ICDH, 6
phosphogluconate dehydrogenase and glucose-6-phosphate dehydrogenase (GePDH) were assessed.
Results showed that endosulfan induced liver MFOs (cytochrome P450, NADPH cytochrome ¢
reductase), cytosolic GSH-s-transferase (conjugation) and non-enzymatic microsomal lipid
peroxidation and decreased NADH cytochrome bs reductase. Along with enzyme increases, protein
content and thus liver wet weights were also increased. When endosulfan treatment was combined
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with EtOH, as has been described in human illness reports associated with endosulfan, there was
enhanced hepatotoxicity. Effects observed with endosulfan alone also occurred with endosulfan plus
EtOH; however, the response was greatly enhanced. In addition, there was an increase in the cytosolic
reducing equivalent (NADPH) generating enzyme (NADP-isocitrate dehydrogenase). It is
hypothesized that enzymes in the microsomal EtOH oxidizing system induced from chronic EtOH
ingestion “spills over” to other drug metabolizing systems and when endosulfan exposure also occurs,
hepatotoxicity is potentiated. Supplemental.

Ethanol (0.2 g/kg) and endosulfan (2 mg/kg) treatment of Wistar rats for 35 days resulted in
hepatomegaly and decreased body weight (Paul et al., 1992). Effects were greater in males, suggesting
that males are more susceptible than females to the metabolic stress induced by their interaction.
Chronic endosulfan exposure resulted in increased EtOH sleeping time in females (not males). The
authors concluded that female rats do not metabolize EtOH as readily since they have a greater
susceptibility to the hepatoxicity of endosulfan. Supplemental.

Endosulfan was administered via gavage to adult male Wistar rats at 0 (corn oil; n=10) and 2.0
mg/kg/day (n=60) for 6 weeks to test for effects on B cells (islets of Langerhans) in pancreas
(Kalender et al., 2004). Results showed that blood glucose levels were significantly increased at the
end of the 3" and 4™ weeks (p < 0.05) and the 5™ and 6™ weeks (p < 0.01) after administration of
endosulfan to rats compared with the control group. Electron microscopy showed swelling of
mitochondria (end of 2™ and 3™ weeks), vacuoles in cytoplasm (end of week 4), dissolution of
mitochondrial matrix (end of 5t week) and picnotic nuclei in B cells in islets of Langerhans (end of 6"
week). Supplemental.

c¢) Dermal

Wistar rats (6/sex/dose) received daily dermal endosulfan treatments for 30 days at 0, 18.75,
37.5 or 62.5 mg/kg/day (males) and 9.83, 19.66 or 32.0 mg/kg/day (females) (Dikshith, et al., 1988).
Endosulfan was dissolved in acetone and was painted on clipped and cleaned lateral abdominal skin.
The treatment area was not occluded. Hyperexcitability, tremors, dyspnea and salivation occurred at
all doses. The report did not indicate time of onset of clinical signs but they were gone by 1-week
post-dosing. There were no deaths. Males had significantly increased relative testes weights of 278%
and 215% at 37.5 and 62.5 mg/kg/day, respectively. Plasma glutamic oxaloacetic transaminase (GOT)
was increased at 32 mg/kg/day in females and glutamic pyruvic transaminase (GPT) activities were
significantly decreased at all doses in both sexes. An explanation for the decreased GPT w