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Office of Environmental Health Hazard Assessment’s Findings :
On the Health Effects of Endosulfan

Pursuant to Food and Agricultural Code Sections 14022 and 14023, the Office of
Environmental Health Hazard Assessment (OEHHA) of the California Environmental
Protection Agency (Cal/EPA) provides consultation and technical assistance to the
Department of Pesticide Regulation (DPR) on the evaluation of health effects of
candidate toxic air contaminants (TAC) and prepares health-based findings. OEHHA
previously reviewed and commented on the draft documents prepared by DPR on the
evaluation of human health risks associated with potential exposure to endosulfan. These
documents are used by DPR in considering whether to list endosulfan as a TAC. As part
of its statutory responsibility, OEHHA has also prepared these findings on the health
effects of endosulfan that are to be inciuded as part of DPR’s Risk Characterization/
Toxic Air Contaminant (RCD/TAC) documents.

Chemical Identification

1, Endosulfan is an insecticide used to kill a wide variety of insects infesting a range
of crops. 1t is clagsified as a chlorinated hydrocarbon of the cyclodiene group, or
organochlorine. Endosulfan exists in o« and p isomeric forms. The « isomer is a
more potent inhibitor of chloride flux in nerve cells (see Mechanisms of Toxicity
below) and has been found at higher concentrations in air monitoring studies (see
below).

Usage and Reported Illnesses

2. ‘Today the crops most commonly treated with endosulfan are grapes, melons,
lettuce, tomatoes and cotton. Cutrently there are six formulated products
containing endosulfan that are registered in California. The yearly use of
endosulfan in California has been declining, from 180,000 pounds in 1998 to
153,000 pounds in 2004.

3. Between 1992 and 2005, the Pesticide Illness Surveiilance Program of DPR
. recorded 58 illnesses that likely involved exposure to endosulfan. Of these, four
resulted from drift in the air foliowing endosulfan application. Most of the
illnesses were skin and/or eye irritation. It was not indicated in the Volume II
Exposure Assessment document how many of these illnesses were non-
occupational, A

Environmental Fate

4. Endosulfan in the environment is subject to both hydrolysis and photolysis. Fungi
and bacteria degrade endosulfan under both aerobic and anaerobic conditions.
Endosulfan adsorbs strongly to soil, California drinking water systems drawing
their water from surface water bodies or from wells were monitored for
endosulfan from 1986 to 2003. The absence of endosulfan from surface-derived
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samples, and the low percentage of positive samples from well water, suggest that
drinking water is not a significant source of human exposure to endosulfan.

5. Air monitoring in California shows that endosulfan can drift many miles after
aerial application to field crops. It also volatilizes from soil, water and plants.
Thus, populations close to or far from agricultural fields can be exposed via the
air.

6. Endosulfan hioaccumunlates in aquatic plants and animals. It is rapidly cleared

from aquatic animals post-exposure.

Endosulfan in Ambient Air

7.

The ambient air is defined as the air away from agricultural sites of endosulfan
application. Endosulfan has been detected in ambient air sampled from urban and
unpopulated areas in three studies of agricultural applications in California in
1985, 1996 and 1999, In 1985 DPR monitored the air at three residential sites
near agricuftural fields in Monterey County. In 1996 the California Air Resources
Board (ARB) sampled air in Fresno County over a five-week interval during the
summer; these included four monitoring sites located in populated areas in the
vicinities of agricultural land and one urban site. In 1999 the ambient air was also
monitored in Tulare County in a study designed to determine if endosulfan moved
up-slope into the Sierras as a result of its application in the Central Valley. The
1996 ARB study is discussed here because it contained the greatest number of
endosulfan detections, and the levels were higher than those of the other two
studies. The monitoring period (July 29 to August 29) approximately
corresponded to the period of greatest endosulfan use (June-August). Air
samplers were placed approximately 1.5 meters above single-story school
buildings in vicinities of agricultural fields. The sampler at the urban site was
placed above a two-story building. For a-endosulfan, 66 of 75 samples taken
from the sites near agricultural land contained concentrations above the limit of
quantification (LOQ, determined by the analytical limit of detection and quantity
of air sampled), ranging from 0.0095 to 0.32 ng/m’. For p-endosulfan, only two
of 75 samples (0016 and 0.031 pg/m’) were above the LOQ. Nonpe of the -
samples from the urban site had endosulfan levels above the LOQ.

Endosulfan in Air Near Application Sites (For Calculating Bystander Exposures)

&.

Persons near pesticide application sites are subject to relatively high exposures via

* inhalation should the chemical drift in the air into the area immediately

surrounding the field (termed bystander exposure), The ARB monitored
endosulfan concentrations near an apple orchard treated by airblast application of
endosulfan in San Joaquin County in 1997. Four monitoring sites surrounded the
orchard within approximately ten meters of an edge. Application occurred on
April 8 between 5:45 and 7:45 am. Air sampling was for 26.75 and 74.5 hours,
starting at the time of application. For 28 samples, 27 a-endosulfan
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concentrations were above the LOQ, ranging from 0.004 to 4,56 ug/m3. For B-
endosulfan, 16 samples had concentrations above the LOQ, ranging from 0.012 to
0.34 pg/m’. A 24-hour time-weighted average (TWA) concentration for the day
of application, and a 3-day TWA concentration that included the two days post-
application are estimated in the Volume II Exposure Assessment document. The
TWA concentrations of endosulfan were used to calculate short-term (24-hour
TWA), seasonal (3-day TWA) and annual (3-day TWA) bystander exposures,
These bystander exposures were anticipated to equal or exceed any exposures that
might occur at locations away from the application site. Therefore, human
exposure via the ambient air (away from the application site) was not calculated.
OEHHA agrees with this approach.

Calculating Bystander Exposures

9’.

Short-term (up to one week), seasonal (one week to one year) and annual
(approximately one year) bystander exposures (Table 1) are estimated in the
Volume Il Exposure Assessment document. For monitoring performed near an
apple orchard treated by airblast application of endosulfan (see above), the
monitoring station with the highest measured values gave a 24-hr TWA of 1.63
pg/m’ and a 3-day TWA of 0.952 ug/m’. The 24-hr TWA was adjusted upward
because an application rate of 1.5 Tbs of active ingredient per acre (Al/acre) was
used instead of the maximum application rate allowed of 2.5 lbs Al/acre.
Therefore, the 24-hr TWA was multiplied by 2.5/1.5 to vield 2.72 pg/m’.
Seasonal and annual exposure estimates were not adjusted in this manner.
Breathing rates were 0.59 m*/kg-day for infants and 0.28 m*/kg-day for adults. In
the absence of data, inhalation absorption was assumed to be 100 percent. Short-
Term Absorbed Daily Dosage (STADD) was calculated by multiplying the
adjusted 24-hr TWA (2.72 1sg/m’) by the breathing rate. Seasonal Absorbed
Daily Dosage (SADD) was calculated by muliiplying the 3-day TWA (0.952

ng/m’) by the breathing rate. Annual Absorbed Daily Dosage (AADD) was

calculated by dividing the SADD by 12, since it was considered unlikely that
repeated applications of endosulfan would occur near the same individual for
longer than one month. OEHHA agrees with this approach.

Table 1. Short Term, Seasonal and Annual Bystander Exposures to Endosulfan .

Infants Adults
STADD mg/kg-day 0.00160 0.00076
SADD mg/kg-day 0.00056 0.00027
AADD mg/kg-day 0.000047 0.000022

Mechanisms of Toxicity

10.  Endosulfan binds to the y-amino-butyric acid (GABA)-gated chloride channel
receptor, thereby inhibiting chloride flux. This is thought to be the primary
mechanism by which endosulfan causes generalized brain stimulation and
neurofoxicity in mammals. Effects of endosulfan on developing male
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reproductive organs suggest it is also a developmental toxicant. This may also
occur through inhibition of GABA-gated channels, or possibly through direct
binding of endosulfan to endocrine receptors. This latter mechanism is supported
by the estrogenic, antiandrogenic and proliferative effects of endosulfan tested in
cultured MCF-7 human breast carcinoma cells (Andersen et al., 2002; VanParys
et al., 2006 and other studies discussed in the Volume 1 Health Risk Assessment
document). Thus, endosulfan is a potential accelerant of estrogen-dependent
tumor growth (e.g., breast cancer); however, we are not aware of any studies that
have addressed this possibility.

Pharmacokinetics

11

In bile duct-cannulated male rats, approximately 78 percent (o isomer) or 85
percent (8 isomer) of an orally administered dose of endosulfan was absorbed by
48 hours (Dorough ef al., 1978). If oral absorption equals or exceeds 80 percent,
DPR’s policy is to assume 100 percent absorption, as was done in this case.
Despite endosulfan’s lipophilicity, excretion was at least 87 percent by 120 hours
post-dosing, mostly through the feces (Dorough et al., 1978). Shortly after oral
administration, endosulfan concentrated in the kidney and liver, where it was
metabolized into endosulfan sulfate, lactones and ethers. In toxicity studies, the
kidneys and liver were sites of increased organ mass and induction of .
metabolizing enzymes. The high amount of biliary excretion of endosulfan
observed by Dorough et al. (1978}, the rapid (by two hours post-gavage)
accumulation of the chemical in the liver and gastrointestinal tract (Chan et al.,
2005, Environ Toxicol 20: 533-541), and a low level of excretion via the urine
(approximately 12-16 percent in both studies), suggest a marked first pass effect
in the liver for ingested endosulfan that would not be expected following
inhalation. Thus, there is the potential for a significantly higher concentration of
endosulfan in the general circulation following inhalation compared to exposure
to the same dose level via ingestion. This may explain the lower no-observed-
adverse-effect-levels (NOAELs) and lowest-observed-adverse-effect-levels
(LOAELS) for inhalation studies of endosulfan compared to studies employing the
oral route. Comparing studies in the raf, inhalation LOAELs (Hollander and
Weigand, 1983; Hollander ef al., 1984) were 5- and 10-fold lower than oral
LOAELs (Bury, 1997; Barnard et al., 1985) for acute and subchronic dosing,
respectively, Therefore, in calculating reference corncentrations (RfCs) for
endosulfan, OEHHA would consider these pharmacokinetic data when using oral
studies to predict responses following inhalation (see Finding 23). It should be
noted that ip injection of endosulfan would also be subject to a first pass through
the liver (Lukas et al., 1971, The route of absorption of intraperitoneally
administered compounds. J Pharm Exp Therap 178:562-566). Dermal absorption
was 47 percent over five days in rats. No pharmacokinetic data were located for
inhalation exposures, Therefore, it s appropriate to assume 100 percent
absorption via inhalation, as was done in the Volume T Health Risk Assessment
document.
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Acute Toxicity Studies in Animals

12.

The lowest oral L.Dsps for endosulfan were 7.38 mg/kg in male mice and 9.58
mg/kg in female rats (both by gavage). For the oral route, the lowest acute
NOAEL was 0.7 mg/kg-day in a rabbit developmental toxicity study (see below)
based on clinical signs in does during the first day of treatment. Inhalation LCsp
values in rats (four-hour exposure) were 34,500 pg/m’ (5.52 mg/kg) for males and
12,600 pg/m’ (2.02 mg/kg) for females (Hollander and Weigand, 1983). At 3,600
pg/m®, where no animals died, the following were observed: dyspnea, trembling,
passivity and disturbed equilibrium. At higher concentrations causing some
lethality the following were observed: tremors, tonic-clonic convulsions,
decreased corneal reflex, decreased papillary light reflex, decreased righting
reflex, decreased startle reflex, decreased paw reflex and decreased cutaneous
reflex. There was no NOAEL for this acute inhalation study; the LOAEL was
3,600 pg/m’ air (0.567 mg/kg) based on the clinical signs described above. The
subchronic inhalation study in the rat (see below) however, did identify a NOAEL
(0.194 mg/kg-day). This subchronic inhalation NOAEL was lower than the
lowest acute oral NOAEL (0.7 mg/kg-day from the rabbit developmental study).
Accordingly, OEHHA agrees with the approach followed in the Volume I Health
Risk Assessment document, that the most appropriate NOAEL for evaluating «
acute inhalation exposures in people is the rat subchronic inhalation NOAEL.

Subchronic Toxicity Studies in Animals

13.

Over 16 subchronic studies were available, with all but one performed in the rat,
Clinical signs of neurotoxicity included tonic/clonic convulsions and behavioral
(memory) effects. Pathological effects were most often noted in the liver and
kidney and in hematology. For the oral route, the lowest NOAEL was 1.18
mg/kg-day from a rat reproduction study based on increased kidney and liver
weights in parental animals treated for 24 weeks. For the inhalation route
(Hollander et al., 1984), rats were exposed nose-only for 21 days at six hours per
day (five days per week), A NOAEL of 0.194 mg/kg-day (1,000 pl.g/m3) was
identified based on clinical signs of neurotoxicity, decreased bodyweight gain and
food consumption, increased water consumption and clinical chemistry
parameters. The subchronic NOAEL for the inhalation route is six fold lower
than the subchronic NOAEL for the oral route.” Therefore, the subchronic
inhalation NOAEL of 0.194 mg/kg-day is the critical NOAEL for evaluating
seasonal inhalation exposures in people.

Chronic Toxicity and Carcinogenicity Studies in Animals

14,

A total of seven chronic studies were available. A two-year dietary study in the
rat (Ruckman et al., 1989) and a one-year dietary study in the dog (Brunk, 1989)
both identified a NOAEL of 0.6 mg/kg-day. In rats the NOAEL was based on
aneurysms, glomerulonephrosis/nephritis, enlarged kidneys, proteinuria and
decreased bodyweight gain at 2.9 mg/kg-day. Reduced absolute testes weights
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were observed at all dose levels (statistically significant at the two highest dose
levels, see Table 2). ‘

Table 2. Mean testes Weights from Table 10 of study by Ruckman ef a! . {1989)

’fDose level (mg/kg- | Mean bodyweight | Mean absoclute testes
day) (&) weight (g)
0 748 478
0.1 . 721 § 4.57
0.3 ‘ 702 4,17
0.6 ' 690 3.94%%
2.9 637 4.04%**

William’s test; ** p<0.01 compared to controls (calculated in study report)

Table 3. Background data {(i.e., historical controls) for male rats aged 108-112 weeks
from Tzble 10 of study by Ruckman ef al. (1989)

1% 99%
Testes (g) - 1.34 6.11
Bodyweights (g) 467 1078

The absolute testes weights fell within the historical control range for this
laboratory (Table 3) and there were no histopathological correlates. However,
decreased absolute testes weight, relative to the concurrent control, is a well
recognized endpoint of male reproductive toxicity and OEHHA would congider
them when evaluating the need for an additional safety factor to protect against
male reproductive toxicity by endosulfan. Reduced absolute testes weight is also
discussed as an indicator of male reproductive toxicity in the Guidelines for
Reproductive Toxicity Risk Assessment (US EPA, 1996). In dogs the NOAEL
was based on clinical signs of neurctoxicity, premature termination due to animal
morbidity and decreased bodyweight gain/food consumption at 2.09 mg/kg-day.
No chronic inhalation study was available. Therefore, the subchronic inhalation
NOAEFL of 0.194 mg/kg-day in the rat was divided by an uncertainty factor of 10
for extrapolation to chronic exposures, yielding an estimated no-effect level
(ENEL) of 0.0194 mg/kg-day. Since the critical NOAFELs for acute, subchronic
and chronic dosing of rats via the oral route were 2.0, 1.18 and 0.6 mg/kg-day,
respectively, OEHHA finds that this relatively narrow range (3.3-fold) suggests
that the 10-fold uncertainty factor is sufficient for subchronic to chronic
extrapolation. This chronic inhalation ENEL is more than 30-fold lower than the
chronic dietary NOAELSs discussed above that were used in both the Volume I
Health Risk Assessment document and by U.S, EPA to evaluate chronic oral
EXpOoSUures.

Two carcinogenicity studies were available that were compliant with the Federal
Insecticide, Fungicide and Rodenticide Act (FIFRA), one performed in the rat
(Ruckmar et al., 1989) and one performed in the mouse (Donaubauver, 1988).
Both were negative for carcinogenicity. Three older rodent studies (Hazelton for
NCI, 1978; Powers et al., 1978 for NCI; WHO, 1984) were also negative for
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carcinogenicity, although each had unacceptably high animal mortality and/or
other serious methodological problems, A reanalysis of pathology slides from the
two National Cancer Institute (NCI) studies of 1978 suggested that both were
positive for carcinogenicity (Reuber, 1981, Sci Total Environ 20 23-47);
however, due to inadequate reporting of how the reanalysis was performed, as
well as its unconventional grouping of tumor.data, OEHHA finds insufficient
justification for disagreeing with the findings of the original pathologists. Based
on all the above information, we find that there is insufficient evidence to suggest
endosulfan is carcinogenic,

Reproductive Toxicity Studies

15.

A number of studies provided data on the reproductive toxicity of endosulfan, and
all were conducted by the oral ronte. A two-generational reproductive toxicity
study was performed in the rat (Edwards ef a/., 1984). The parental NOAEL was
1.1 mg/kg-day in males and 1.3 mg/kg-day in females based on increased kidney
and liver weights and decreased bodyweight gain. These were also the
reproductive NOAELSs, based on a slight decrease in mean litter weight. The
ability of males to produce offspring was not affected by endosulfan. In this
relatively old study, a number of endpoints of development or function of the
reproductive system were not assayed, including sperm counts, crown-rump
length, skeletal stains, vaginal opening and preputial separation, As discussed in
the RCD, toxicity to the male reproductive system has been observed in a number
of LOAEL-oniy studies from the peer-reviewed literature, albeit at higher
exposure levels than those causing subchronic neurotoxicity via inhalation (see
Finding 13). One of these studies, by Sinha et al. (2001a), is noteworthy for the
following reasons. Exposure was gestational at 1.0 mg/kg-day. At 100 days after
birth, males exhibited decreased weights of testes, epididymis and seminal
vesicles, as well as decreased sperm counts in the cauda epididymis and decreased
testicular spermatid head counts. There were no bodyweight effects at the time of
sacrifice, changes in dietary intake or clinical signs. There were also no
treatment-related changes in litter size or weight. Dividing the study LOAEL by a
factor of 10 yields an estimated NOAEL of 0.1 mg/kg-day, which is below the
critical subchronic inhalation NOAEL of 0.19 mg/kg-day developed in the RCD,
In Dalsenter ef al. (1999), rats were exposed during gestation and lactation, via
the dams. Sperm production was significantly decreased at the lowest dose tested

(1.5 mg/kg-day) on post-natal day 65 (puberty) but not on postnatal day 140

(adulthood). There was no maternal toxicity at this dose level as measured by
dam bodyweight or litter size. Dividing the study LOAEL by a factor of 10 yields
an estimated NOAEL of 0.15 mg/kg-day, which is again below the critical
NOAEL developed in the RCD. It should be noted that since these reproductive
toxicity studies utilized oral exposures, their NOAELs and LOAELSs may be
significantly reduced if the route of exposure were changed to inhalation, due to
the first pass effect in the liver (see Finding 11).
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16.

The RCD also discusses a human epidemiological study of sexual maturation in
children living in an agricultural area of India, where endosulfan was the only
pesticide reportedly used (Saiyed et al., 2003). Significant delays in the
development of reproductive organs were reported in adolescent males, as well as
reduced blood levels of testosterone and increased blood levels of luteinizing
hormone. Delayed male sexual development (preputial separation) has also been
observed in rats treated with endosulfan (Gilmore et al., 2006, see Finding 16).

Developmental Toxjcity Studies

Two developmental toxicity studies were available in the rat and one in the rabbit.
A developmental neurotoxicity study was also available in the rat. Only one of
the two rat developmental studies identified NOAELs: a maternal NOAEL of

2.0 mg/kg-day based on clinical signs and decreased bodyweights and a
developmental NOAEL of 2.0 mg/kg-day based on reduced fetal weight and
length and small or unossified sternbrae (Fung, 1980a). In the rabbit study

(Nye, 1981) the maternal NOAEL was 0.7 mg/kg-day based on mortality and
clinical signs. No developmental toxicity was observed {developmental NOAEL
= 12 mg/kg-day). In the developmental neurotoxicity study in rats (Gilmore et
al., 2006), neonates and pups had decreased bodyweights at the lowest dose level
tested (3.74 mg/kg-day). This was also the LOAEL for maternal effects, based on
lower bodyweights and food consumption. This study detected small delays in
preputial separation in males at 10.8 mg/kg-day and vaginal opening in females at
3.74 mg/kg-day. There were no effects on sperm motility, sperm count
(normalized to gram of testes or epididymis) or sperm morphology at the highest
dose level tested (30 mg/kg-day). Thus, developmental toxicity was not detected
at the low inhalation levels that caused subchronic neurotoxicity (see Finding 13).
It should be noted that since these studies utilized oral exposures, their NOAELs
and LOAELs may be significantly reduced if the route of exposure were changed
to inhalation, due to the first pass effect in the liver (see Finding 11).

The RCD also discusses a recent human epidemiological study of autism
spectrum disorders (ASD) in children born to mothers who lived in California
farm areas where pesticides had been applied during their first eight weeks of

pregnancy (Roberts et al., 2007). A significant association was measured between

maternal proximity-to sites of organochlorine (endosulfan and dicofol) pesticide

. application and ASD. The authors concluded that the association should be

studied further.

Neurotoxicity Studies in Animals

17.

A number of neurotoxicity studies were available, primarily in the rat. An acute
neurotoxicity study in rats (gavage) showed a greater sensitivity of females
compared to males (Bury, 1997). The female NOAEL was 1.5 mg/kg and the
male NOAEL was 12.5 mg/kg, both based on mortality and clinical signs. The
developmental neurotoxicity study in the rat (dietary) covered the dosing of
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females from gestation day six through lactation day 21. The maternal LOAEL
and pup developmental LOAEL were both 3.74 mg/kg-day (lowest dose level
tested), based on decreased bodyweights. No neurological effects were observed

-in either the dams or pups (highest dose level tested = 30 mg/kg-day). Ina

recently published study (Cabaleiro et al., 2008, Effects of in utero and lactational
expostre to endosulfan in prefrontal cortex of male rats. Toxicol. Lett.
176:58-67), rat offspring were exposed to endosulfan via the dams during the last -
13 days of gestation and 21 days of lactation. Male offspring were sacrificed on
post-natal days 15, 30 and 60, and the levels of small molecule neurotransmitters
were measured in the prefrontal cortex of the brain. The lowest dose level tested
of 0.6 mg/kg-day caused significant alterations in the content of a number of
transmitting amino acids and amines. In contrast, bodyweights of dams and litter

sizes were not significantly affected at this dose level, and bodyweights of the

male offspring were not significantly different from controls at four of five time
points. Dividing the study LOAEL by a factor of 10 yields an estimated NOAEL
of 0.06 mg/kg-day, which is below the critical inhalation NOAEL of 0.194
mg/kg-day developed in the RCD, It should be noted that since these studies
utilized -oral exposures, their NOAELs and LOAELs may be significantly reduced
if the route of exposure were changed to inhalation, due to the first pass effect in
the liver (see Finding 11). A study in hens failed to detect any delayed = 4

~ neurotoxicity (Roberts and Phillips, 1983).

Genotoxicity

18.

Gene mutation studies were performed with endosulfan in bacteria, yeast, mouse
iymphoma cells and Drosophila (sex-linked recessive lethals). Both positive and
negative results were reporteéd. Chromosome damage was tested in vivo and in
cultured cells by measuring chromosome aberrations (positive, in vivo, germ cell
in vivo {e.g., Pandey et al. 1990, Mutat Res 242: 1-7}, negative, in vitro, in vivo),
micronuclei (negative, in vivo, positive in vivo {e.g., Lajmanovich et al., 2005,
Mutat Res 587: 67-72, Neuparth et al., 2006, Bull Environ Contam Toxicol 76:
242-8}, positive in vitro {e.g., Pistl et al., 2001, Vet Hum Toxicol 43: 78-82}),
sister chromatid exchange (SCE) (positive in vivo, in vitro {e.g., Lu ef al., 2000,
Environ Health Perspect 108: 559-61}), and dominant lethal induction (positive,
negative). Additional studies included unscheduled DNA synthesis in cultured rat
hepatocytes (negative), DNA adduct formation in cultured human and rat cells
(positive), gene conversion in yeast (positive and negative) and DNA strand
breaks (positive, in vitro {e.g., Bejpayee ef al., 2006, Environ Mol Mutagen 47:
6&2-92}, in vivo {e.g., Pandey et al., 2006, Ecotoxicol Environ Saf 65 56-61}),
Thus, while several standard assays were negative, thete is evidence that
endosulfan is genotoxic.

Calculating Margins of Exposure (MOESs) for Characterizing Human Health Risks

19.

OEHHA agrees with the critica]l NOAELSs selected in the RCD for calculating
short-term, seasonal, and annual margins of exposure. The critical study for all



s (e

February 25, 2008 10

three timeframes is the inhalation study of Hollander ef al. (1984). This was
performed with male and female rats, exposed nose-only for 6 hr/day, 5
days/week for 21 days. The LOAEL was 0.387 mg/kg-day based on clinical
-signs, decreased bodyweight gain and food consumption, increased water
consumption and clinical chemistry parameters. The NOAEL was 0.194 mg/kg-
day. This NOAEL was used directly for short-term and seasonal MOE
calculations. For calculating annual MOEs, an estimated no-effect level, or
ENEL, was derived by dividing the NOAEL from the 21-day inhalation study by
an uncertainty factor of 10 for extrapolation from subchronic (seasonal) to chronic

20.

_(annual) exposures. As discussed in more detailin Finding [4, OEHFA would
use the same approach for extrapolating to chronic (annual) exposures.

In the Volume I Health Risk Assessment document, MOEs were caliculated by
dividing the appropriate NOAEL (or ENEL) by the exposure. Short-term,
seasonal and annual inhalation MOEs were calculated for infants and adults
exposed as bystanders (Table 4). When using NOAELs from animal studies,
DPR regulations specify MOEs of greater than 100-to be health protective,
regardless of the route of exposure, Specifically for inhalation exposures to the
general public, MOEs of less than 1000 indicate that & chemical should be
identified as 2« TAC.

Aggregate MOFEs, based on inhalation and dietary exposures, are also shown in
Table 4. The dietary components are based on the 95 percentile of daily dietary
intake of endosulfan by nursing females 13-+years old (for short-term aggregate
MOEs) or the mean daily dietary intake of endosulfan by nursing females 13+
years old (for seasonal and annual aggregate MOEs),

Table 4. Margins of Exposure (MOEs) in the Volume I Health Risk Assessment
document for Short-Term, Seasonal and Annual Exposures to Endosulfan via Bystander
Inhalation Only, or via Bystander Inhalation + Dietary (i.e., Aggregate) '

_ Infants - Adults
Short-term Inhalation MOEs 121 - 255
Seasonal Inhalation MOEs 346 719
Annual Inhalation MOEs 413 ' 882
Short-term Aggregate MOEs ' 78 146
Seasonal Aggregate MOEs _ 296 595
Annual Ageregate MOEs 343 702

21.

Inhalation MOEs (Table 4) ranged from 121 to 882, Adding in dietary exposure
gave lower MORSs, ranging from 78 to 702. Infants had the lowest short-term
aggregate MOE of 78. For this group, 67 percent of the exposure to endosulfan
was through the diet and 33 percent was through the air. We note that all MOEs,
both inhalation-only and aggregate, were below 1000, making endosulfan a
potential TAC.
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22, Reference concentrations are calculated in the Volume [ Health Risk Assessment
document for acute, subchronic and chronic exposures to endosulfan based on the
NOAEL of 0.194 mg/kg-day from the subchronic rat inhalation study (Table 5).
For acute and subchronic RfCs, an uncertainty factor of ten was applied for
animal to human extrapolation and ten for human variability. For chronic RfC
calculation, an additional uncertainty factor of ten was applied to extrapolate from
subchronic to chronic exposure, As discussed in detail in Finding 23 below,
OEHHA would add an uncertainty factor of no more than three to the infant
calculations, yielding acute, subchronic and chronic RfCs that are three fold lower
than those calculated in the RCD (Table 5).

Table 5. Reference Concentrations (RfCs) calculated in the Vojume I Health Risk
Assessment document or by OEHHA for Acute, Subchronic and Chronic Exposures to
Fndosulfan

B , Infants ) Adults
Calculated in Volume I Health Risk Assessment
Acute 3.3 pg/r’ 6.9 ug/m’
Subchronic 3.3 ug/m3 6.9 ug/m’
Chronic 0.33 ug/mz’ i 0.69 pg/m’
Calculated by OEHHA adding an uncertainty factor of 3 for infants (see Finding 23)
Acute - - 1.1 }1g/m3 ' 6.9 ug/m’
Subchronic . 1.1 pg/m’ 6.9 pg/m’
Chronic . - 0.11 pg/m’ ' 0.69 ug/m>

- The RIC values in the RCD and reproduced in Table 5 can be compared to the
concentrations calcutated for infants and adults exposed to endosulfan as
bystanders (Table 6). All six fr actional RfC values are greater than ten percent
indicating that endosulfan should be identified as a TAC. Note that if the infant
RfCs were reduced by a factor of three as proposed by OEHHA, the percent RfC
values for infants would be even lar ger.

Table 6. Percent Reference Concentrations for Bystander Inhalation Exposures
Estimated in the Volume | Health Risk Assessment document

Endosulfan Air Concentration as a Percentage of RfC*

Infants Adults
Acute {short-term) ' 82% 39%
Subchronic (seasonal) 29% 14%
Chronic (annual) 24% 11%

*Endosulfan air concentration as a percentage of RfC was calculated by dividing the exposure rate for each
exposure scenario (Tables 1 of these findings) by the breathing rate, and expressing each of those values as
a percentage of the corresponding RfC

Additional Findings

23.  The subchronic inhalation study by Hollander ef al. (1984) was performed with
four to six weel-old rats. As such, OEHIIA considers its LOAEL and NOAEL
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appropriate for adult risk assessment, and would apply an uncertainty factor for -
interspecies, intraspecies and subchronic to chronic extrapolation. This is also the
approach followed in the Volume 1 Health Risk Assessment document for adults.
However, in performing inhalation risk assessment for the effects that may only
resuit from exposures to rats developing in ufero or postnatally, the document
must rely on studies where dosing was via the diet or gavage, with the times of
exposure varying from gestational (developmental toxicity), to
gestational/lactational (developmental neurotoxicity) to multigenerational
(reproductive toxicity). For the following reasons, OBHHA finds significant

uncertainty associated with using these studies to predict how young rats and rats
in utero would respond to endosulfan via inhalation;

There are a number of studies where endosulfan in the range of 0.6 to 1.5 mg/kg-
day produced developmental neurotoxicity (Cabaleiro ef af., 2008; see Finding
17) and male reproductive toxicity in rats, including reduced testes weight and/or
function (Ruckman et al., 1989; Dalsenter ef al., 1999, Sinha er al., 2001a), The
studies of Dalsenter ef al. (1999), Sinha ef al. (2001a) and Cabaleiro ef a/. (2008)
were LOAEL-only studies, which if extrapolated to a NOAEL by application of
an uncertainty factor of 10, would be as much as 2 to 3-fold below the critical
subchronic inhalation NOAEL of 0.194 developed in the RCD. In addition, since
these were oral exposures, either directly to young rats or indirectly via dams, and
a significant first pass effect in the liver was operating (see Finding 11), the levels
-of endosulfan reaching the general circulation were likely lower than if exposure
had been via inhalation. Therefore, uncertainty remains as to whether these
effects would be absent after inhalation exposures to young rats or rats in ufero at
the critical subchronic inhalation NOAEL of 0.194 mg/kg-day.

There has been inadequate testing during the post-lactational period of rat
development, starting at approximately three weeks after birth. This is a period
normally covered by a reproductive toxicity study. Such a study is available for
endosulfan (Edwards ef ¢/., 1984); however, a number of developmental
endpoints required by today’s guidelines were not required at that time, including
sperm counts, spermatid number, sperm motility, sperm morphology, crown-rump
length, skeletal stains, vaginal opening and preputial separation. The _
developmental neurotoxicity study by Gilmore ef al. (2006) attempted to address
some of these shortcomings. Reduced pup weights and delayed preputial
separation were observed, indicating developmental toxicity. Insufficient
reporting and analysis of testicular endpoints {testes weights and sperm analysis)
‘measured 55 days after dosing had ceased, limits the usefulness of this dataset.
Importantly, Gilmore ef al.’s (2006) failure to extend dosing to the post-
lactational period of development precludes its use as a substitute for a guideline
reproductive toxicity study, in which the four sperm parameters listed above are
measured in animals exposed continuously from conception through puberty.
Given that humans, unlike rats, do not produce sperm in large excess of what is
required for normal fertility (Amann, 1986, Detection of alterations in testicular
and epididymal function in laboratory animals. Environ Health Perspect.
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70:149-158), the failure of Gilmore ef al. (2006) to measure these sperm
parameters in animals exposed during the post-lactational period of development
cannot be corrected by measurements of offspring production by males in
Edwards et al. (1984).

¢ There is some evidence that young rats are more sensitive to endosulfan than
adults. Table 7 shows these comparisons. For Seth e al. (1986), dosing was by
intraperitoneal injection (ip). Yor the Sinha et a/. studies (1995 and 1997), dosing
was by gavage. In both the Seth et af. (1986) study and in the two Sinha ef al.
(1995, 1997) studies, the pups exhibited these endpoints of possible
developmental neurotoxicity and male reproductive toxicity at lower dose levels
than the older animals. The difference was at least 3-fold in Seth et al. (1986) and
at most 2-fold in Sinha ef al. (1995, 1997). The bases for these age effects are
unknown. An important consideration is whether this pattern of age-related
sensitivity would be repeated for these or other endpoints under the conditions of
the critical subchronic inhalation study. In the absence of data, OEHHA would
add an uncertainty factor to help protect against this possibility. It should be
noted that since these studies utilized oral or ip dosing, their NOAELs and
LOAELs may be significantly reduced if the route of exposure were changed to
inhalation, due to the first pass effect in the liver (see Finding 11). '

Tablie 7 comparing rat pup and adult sensitivities to endosulfan: effects on brain

chemistry, behavior and sperm parameters

Study Age Dosing | Dose level Endpoints tested and
producing effects observed
effects

pups at ip over 5 | mg/kg-day | Increased binding in brain
birth weeks (25 of serotonin and
Seth et al., treatments) benzodiazepine, decreased
1986 ' dopamine binding, increased
fighting, all at 8 days after
cessation of dosing
adults (8 ip over 30 No effect at | Serotonin binding in brain,
weeks days (30 nighest dose fighting behavior, all at 8
old) treatments) tested (3 days after cessation of
mg/kg-day) dosing
Sinha ef al., | 3 week daily gavage | 2.5 mg/kg-day | Decreased spermatid count
1997 oldpups | for 10 weeks and sperm production rate,

increased sperm
abnormalities

Sinha ef al.,
1995

3 month
oid adults

daily gavage
for 10 weeks

5 mg/kg-day,
no effect at
2.5 mg/kg-day

Decreased spermatid count
and sperm production rate,
increased sperm
abnormalities
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In Table 7, the effects of exposure to endosulfan occurred at a two to three-fold
lower dose level in the young rats compared fo the adults. Therefore, to protéect
against this age-related sensitivity, in consideration of the LOAEL-only studies
(gestational and lactational dosing) and their estimated NOAELs that are two to
three-fold lower than the critical inhalation NOAEL developed in the RCD (see
first bullet above), as well as to account for the pharmacokinetic and testing
uncertainties discussed above, OEHHA would apply an additional uncertainty
factor of no more than three in calculating the mfant RfCs shown in Tables 5 and
6.

24,

25,

In animal tests, technical grade endosulfan caused dermal irritation but was not
irritating to the eye. Endosulfan formulated products caused both dermal and
ocular irritation. In the guinea pig dermal sensitization test, two endosulfan
formulations were negative and one was a moderate dermal sensitizer. Thus,
there is a potential risk of dermal sensitization in humans exposed to endosulfan.

One study from the published literature found no evidence for cumulative toxicity
involving endosulfan and other organochlorine compounds.
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OEHHA response to Feb 6, 2008 letter from DPR to Dr, Landolph

(The italicized sections provide orientation within the DPR letter.)

Page 2 of DPR letter, second paragraph: “Also, with the exception of Dalsenier et al.,
1999, none of the studies was reproducible.” OEHHA sees no justification for the
statement that these studies were irreproducible.

Page 2 of DPR letter, Ahmad et al., 1993: While bodyweights and mortality were not
affected, decreases in the weights of the testis, epididymis, vas deferens, prostate, seminal
vesicles, ovaries, oviduct and uterus were observed. The Feb 6 memo rightly points out
that clinical signs were not reported. Thus, the decreases in organ weights may have
been accompanied by neurotoxicity.

Page 2 of DPR letter, Chitra et al., 1999: The test article was reported as Thiodan, which
" is the trade name for the formulated product containing 35 percent endosulfan. Other
chemicals were present in the test article in addition to endosulfan, as is the case with
most studies, since a pure test article is rarely if ever available. Thus, it is important to
consider the kinds of toxic effects that were observed in this study, and compare them to
other studies of endosulfan for concordance or nonconcordance of effects. Since reduced
testes weights were observed in Chitra et al. (1999), as well as in Sinha ef al. (2001a) and
Ruckman ez al. (1989), OEHHA would not dismiss this finding. The Feb 6 memo is
correct in pointing out that clinical signs were not described in Chitra ef ¢/. (1999). Thus,
it is unknown whether the decrease in testes weight was accompanied by overt
neurotoxicity.

Page 3 of DPR letter, Sinha et al. 1995 and 1997: Useful comparisons can be made
between these two studies, Comparing sperm count/cauda epididymis, spermatid
count/testis, sperm production rate and percent sperm abnormalities, the first three were
significantly decreased and the fourth was significantly increased in three week-old males
treated at 2.5 mg/kg-day, but only sperm count/cuada epididymis was significantly
different from control (decreased) in three month-old males treated at the same dose level
(all four significantly different from control in three month-old males treated at 5.0 or
10.0 mg/kg-day). The authors concluded in their 1997 paper, “When these results were
compared to our earlier work (Sinha et al., 1995) where the effects of endosulfan on
testes of adult male rats were studied it was observed that the exposure to this pesticide
during adult life had its effect at a dose of 5 and 10 mg/kg bodyweight and was not in a
dose dependent manner. Whereas endosulfan when administered during prepubertal age
has its damaging effect from the lowest dose (2.5 mg) and the toxicity increased with the
increase of the dose level.” OEHHA concludes that under the conditions of these studies,
three sperm endpoints were at most 2-fold more sensitive in three week-old rat pups
compared to three month-old animals.

Page 3 of DPR letter, Sinha et al., 2001a: In this study, exposure was gestational at 1
mg/kg-day. At 100 days after birth the males exhibited decreased weights of testes,
epididymis and seminal vesicles, as well as decreased sperm counts in the cauda
epididymis and decreased spermatid counts in the testis. Their bodyweights were
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unaffected compared to controls. Importantly, no clinical signs were observed and there
were no changes in dietary intake. In addition, there were no treatment-related changes
in litter size or weight. Thus, toxicity to male reproductive organs was observed in the
apparent absence of neurotoxicity. Dividing the study LOAEL (1 mg/kg-day) by a factor
of 10 yields an estimated NOAEL of 0.1 mg/kg-day, which is below the critical -
subchronic inhalation NOAEL of 0.19 mg/kg-day developed in the RCD.

Page 3 of DPR letter, Dalsenter et al., 1999 Dosing of rats was during gestation and
lactation, via the dams. Male offspring were studied at post-natal days 65 (puberty) and

I40-¢adulthood).—Maternal-toxicity (tower-bodyweights)-eceurred-at 3-mg/ke-day-but not
at 1.5 mg/kg-day. At the lower dose level, sperm production in offspring was
significantly decreased only on day 65. At the higher dose level of 3 mg/kg-day, sperm
production was significantly decreased at both time points. Thus, the lower sperm
production at 1.5 mg/kg-day was transient under the conditions of this study. OEHHA

- would not dismiss this effect on sperm production due to its transitory nature, since it is
possible that extending the dosing period could cause it to become irreversible. A similar
approach towards reversible endpoints of reproductive toxicity is recommended in the
Guidelines for Reproductive Toxicity Risk Assessment published by the US EPA in
1996. '

Dalsenter ef al., 1999 also tested the reproductive performance of the treated male
offspring. There were no significant effects on the number of implantations per litter or
viable fetuses per litter at 3 mg/kg-day, despite significantly decreased sperm production.
Thus, male fertility in the rat was a less sensitive indicator of endosulfan toxicity than
sperm production. These results emphasize the importance of measuring sperm
production in addition to fertility, especially since humans, unlike rats, do not produce
sperm in large excess-of what is required for normal fertility (Amann, 1986, Detection of
alterations in testicular and epididymal function in laboratory animals. Environ Health
Perspect 70:149-158).

In Dalsenter et al., 1999, male reproductive toxicity (transient reduction in sperm
production) was observed on post-natal day 65 at 1.5 mg/kg-day. Dividing the study
LOAEL by a factor of 10 yields an estimated NOAEL of 0.15 mg/kg-day, which is below
the critical subchronic inhalation NOAEL of 0.19 mg/kg-day developed in the RCD.

Page 5 of DPR leiter, response to OEHHA's finding 18: “Regarding age related effects,
since adult pups were not dosed at equal doses, it is not possible to make conclusions
about sensitivity due to age (eg. Pups dosed at 0.5 and 1.0 mg/kg/day; adults dosed only
at 3 mg/kg/day — not comparable).” In Seth ef al., 1986, rat pups were dosed 25 times ip
at 1 mg/kg-day over five weeks, then allowed to recover for 8 days. They exhibited
significantly increased neurotransmitter binding in the brain and significantly increased
fighting behavior. Adults were dosed 30 times ip at 3 mg/kg-day over 30 days at 3
mg/kg-day. They were also given 8 days to recover. Neurotransmitter binding in the
brains of adults, as well as fighting behavior, were not significantly increased. Thus,
despite being dosed at a higher level, the adults were unaffected, demonstrating a reduced
sensitivity to endosulfan; i.e., adults require at least 3-fold more endosulfan than pups




February 25, 2008 3

before these endpoints are significantly altered relative to controls. The authors of Seth -
et al., 1986 concluded, “The greater sensitivity of developing rats to endosulfan may be
due to its interaction with developmental pattern of the neurotransmitter receptors which
develop pre- and postnatally over a long period of time. Perhaps such interactions are
responsible for the persistent changes in the developing animals as compared to the adult
rats. The increased sensitivity of neonates to endosulfan may also be due to their
immature blood-brain barrier and excretory mechanisms and slow metabolism of the
pesticide.” OEHHA draws similar conclusions from these data regardmg the relative
sensitivities of rat pups and adults to endosulfan.

Page 5 of DPR letter, response to finding 25: “The ip studies performed in young
animals of Seth and Zaidi can be used in support of the inhalation study of Hollander et
al., 1984. NOELs can be extrapolated from an ip study to estimate an inhalation NOEL
(US EPA 1982 and 1994).” As discussed in the OEHHA findings, endosulfan exhibits a
marked first pass effect in the liver following ingestion. The compound is absorbed in
the gi tract and then transferred to the portal circulation flowing into the liver. In the
liver, much of the compound is removed from the portal blood, decreasing its entry into
the general circulation. Similarly, when many compounds are administered by
intraperitoneal injection (ip), they are rapidly absorbed through the large peritoneal
membrane, draining primarily into the portal circulation (Lukas et a/., 1971, The route of
absorption of intraperitoneally administered compounds. J Pharm Exp Therap 178: 562-
566; Casarett and Doull’s Toxicology The Basic Science of Poisons, 5™ Edition,
MecGraw-Hill, New York, p 101}. Thus, ip injection of endosulfan would also be subject
to a [irst pass through the liver. Therefore, for compounds exhibiting a first pass effect in
the liver, OEHHA would not use ip data to extrapolate to the inhalation route. A similar
approach is recommended by US EPA (1994).

Page 6 of DPR letter, discussion of OEHHA's citing Ruckman et al., 1989.

Mean testes weights from Table 10 of study by Ruckman ef al., 1989

Dose level (mg/kg- Bodyweight (g) Absolute testes wt
day) (g)
0 748 4.78
0.1 721 4.57
0.3 702 4.17
0.6 690 3.94%*
2.9 637 4.04%*

William’s test; ** p<0. 01 compared to controls (calculated in study report)

Background data (i.e., historical controls) for male rats aged 108-112 weeks:

1% 99%
__ Testes (g) 1.34 6.11
Bodyweights {(g) ) 467 1078

The upper table shows the bodyweights and testes weights of male rats fed endosulfan for
two years. The lower table shows historical controls, Absolute testes weights were




T gr\\‘
f ' &) L

February 25, 2008 ' | 4

decreased relative to control at every dose level, with statistical significance reached at
the two highest dose levels. No other organ weights in males were significantly different
from controls. There were no histopathologic changes observed in the testes at any dose
level. The Feb 6 memo considers that the decreases in absolute testes weight are not
toxicologically significant, because the relative testes weights were not significantly
different from control, the absolute testes weights and bodyweights were within historical
control ranges, and reductions in absolute testes weights were not observed in the two
generation rat study by Edwards ef al. (1984). OEHHA does not consider the decreased
absolute testes weights toxicologically insignificant for the following reasons. First,

—absolute testes-weight-is-eonsidered-a-valid-indicator of male reproductive toxicity (US.
EPA, 1996, Guidelines for Reproductive Toxicity Risk Assessment), especially where the
reduction in bodyweight was mild, as was the case here. Second, when a concurrent
control population is available, as was the case here, OEHHA would not discount an
effect (decreased absolute testes weight) that was significant relative to the concurrent
control, even if the values fell within the historical control range. Lastly, in the study of
Ruckman et al. (1989), the animals were treated for two years while in the study of
Edwards et al. (1984), the treatment period was much shorter (two generations).

Page 6 of DPR letter, paragraph beginning with “The issue of testes ... " Testes function
was evaluated in Chitra ef @/, (1999), Dalsenter ef al. (1999) and Sinha ef a/, (2001a). In
addition, in Dalsenter et al. (1999), sperm production was significantly decreased at 1.5
mg/kg-day.

Page 7 of DPR letter, response beginning with “Treating the males between weeks 3 and
6 would not change the overall conclusion because:”

1. The reproduction study in rats (Edwards et al., 1984) did not measure a number of
male reproductive parameters that are required today including sperm number,
spermatid number, sperm motility and sperm morphology. The study did measure
offspring production. Tn contrast to humans, male rats produce sperm in excess of
what is required for normal fertility (Amann, 1986, Detection of alterations in
testicular and epididymal function in laboratory animals. Environ Health Perspect
70: 149-158; Dalsenter et al., 1999). Therefore, offspring production by males in
Edwards ez al. (1984) is not sufficient to rule out effects on sperm production in
animals treated according to the schedule of a reproduction study. The
developmental neurotoxicity study of Gilmore ef al. (2006) cannot fill this data
gap, since the period of exposure was far shorter than that of a reproduction study,
and there was no direct dosing of the offspring.

2. The developmental neurotoxicity study of Gilmore ef al. (2006) expresses sperm
‘counts as sperm/gram of epididymis and sperm/gram of testis. No data are
presented on testes size or epididymis size. Therefore, it is not possible to
determine if total sperm numbers or total spermatid numbers were normal in
treated animals in this study. These deficiencies limit the usefulness of this
dataset. ' '

3. Page 7 of DPR letter, "Testes weights and sperm counts are not consistent among
studies as has been described in Tables 47 and 48 of the February 2008 revised
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RCD.” Looking at the testes weights in the three Sinha ez al. studies (1995, 1997,
2001a) where Druckery rats were used, the control values were quite comparable
(2.73140.21, 2.49+0.19, 2.79+40.03, respectively). This was also true for the
controls in the two Dalsenter et al. studies (1999, 2003), where the testes weights
-of Wistar rats were expressed as percentages of bodyweight (0.40 and 0.41,
respectively). Some sperm parameters were consistent in controls across studies,
while others varied. For example, in the three Sinha ef al. (1995, 1997, 2001a)
studies, control spermatid counts/testis were 146+5, 105+2 and 116+3,

respectively. Sperm counts/cauda epididymis varied much more (752421, 58+2,
17943, respectively). Unless there is reason to believe an assay was performed
incorrectly, OEHHA would stress the comparison between the control and treated
from the same study. Then individual study findings would be intercompared to

evaluate an effect.

4, Page 7 0f DPR letter, “There were no effects on reproductive organs in any study
(subchronic, chronic, acute), by any route (oral, dermal, gavage, inhalation) in
either sex in studies accepted by DPR.” OEHHA considers the decreased
absolute testes weights in the chronic rat study by Ruckman et al. (1989) as a
possible male reproductive effect. Sperm counts were measured in only a single

- study acceptable to DPR (Gilmore et al., 2006). As described above, insufficient
reporting and analysis of testicular endpoints and a short exposure period limit the
usefulness of the Gilmore et al. (20006) study.

Page 8 of DPR letter: The Zaidi et al. (1985) citation and results have been dropped from
the table below. Information has been added to more precisely describe the findings of
the other studies in the table. In both the Seth et al. (1986) study and in the two Sinha ef
al. (1995,.1997) studies, the pups exhibited these endpoints of possible developmental
neurotoxicity and male reproductive toxicity at lower dose levels than the older animals.
The difference was at least 3-fold in Seth ef al. (1986) and at most 2-fold in Sinha et al.

1995 and 1997,

Table comparing rat pup and adult sensitivities to endosulfan: effects on brain chemistry,
behavior and sperm parameters

Study Age Dosing Dose level | Endpoints tested and
producing effects observed
effect
pups at ip over 5 1 mg/kg-day | Increased binding in brain
birth weeks (25 of serotonin and
Seth et al., treatments) benzodiazepine, decreased
1986 dopamine binding, increased
fighting, all at 8 days after
cessation of dosing
adults (8 ip over 30 No effect at Serotonin binding in brain,
weeks days (30 highest dose fighting behavior, all at 8
old) treatments) | level tested (3 days after cessation of
mg/kg-day) dosing




February 25, 2008

AR
]
S

™,
"
-

Study Age Dosing Dose level | Endpoints tested and
‘ producing effects observed
effect
Sinha et al., | 3 week daily gavage | 2.5 mg/kg-day | Decreased spermatid count
1997 oldpups | for 10 weeks and sperm production rate,
Increased sperm
abnormalities

Sinha-et-al,-|—3-month—|—daily gavage | 5 mg/kg-day, | Decreased spermatid count
1995 oldadults | for 10 weeks no effect at and sperm production rate,

2.5 mg/kg-day

increased sperm
abnormalities




	Structure Bookmarks
	Office of Environmental Health Hazard Assessment .
	Office of Environmental Health Hazard Assessment .
	Figure
	Lincl11 S. Adams .Arnold Schwarzenegger 
	Lincl11 S. Adams .Arnold Schwarzenegger 


	Joan E. Denton, Ph.D., Director .I-Ieadquarters • 1001 I Street• Sacramento, California 95814 .Mailing Address: }l,0, Box 4010 •Sacramento, California 95812~4010 .Oakland Office• Mailing Address: 1515 Clay Street,-16th Floor• Oakland, California 94612 .
	Figure
	1iro11me11tal Pnitectilm .Gove/'1/01' 
	Secref(1ry oj'Em

	MEMORANDUM 
	TO: .Gaiy T. Patterson, Ph.D., Chief .Medical Toxicology Branch .Department of Pesticide Regulation .
	Sue Edmiston, Chief .Worker Health and Safety Branch .Department of Pesticide Regulation .
	FROM: .Anna M. Fan, Ph.D., Chief 9n~{!(vt{~ .Pesticide and Environmental Toxicology Branch .Office ofEnvironmental Health Hazard Assessment .
	Melanie Marty, Ph.D., Chief~ Air Toxicology and Epidemiology Branch Office ofEnvironmental Health Hazard Assessment 
	DATE: .February 25, 2008 
	SUBJECT: .REVISED FINDINGS ON THE HEALTH EFFECTS OF THE ACTNE .INGREDIENT: ENDOSULFAN .
	Enclosed please find a copy of the Office of Environmental Health Hazard Assessment's (OEHI-IA) revised findings for the active ingredient endosulfan. These findings were prepared in response to the risk characterization document (RCD) for endosulfan prepai·ed by the Depmiment of Pesticide Regulation (DPR). The findings cover Volume I (Health Risk Assessment) dated Februaiy 2008 and Volume II (Exposure Assessment) dated Jaimary 2008, both draft reports for the Scientific Review Panel. The information contai
	Pursuant to Food and Agricultural Code sections 14022 m1d 14023, OEHHA provides review, consultation a!ld comments to DPR on the evaluation of the health effects of cai1didate TACs. As part of its statutory responsibility, OEHHA also prepares findings on the health effects of candidate TACs. This documentation is to be inclnded as part of the DPR report. 
	California Environmental Protection Agency 
	Tiie energy challe11gej(ud11g Cal(f'onda is rettl. Every Califor11ia1111eeds to take immetliate flctio11 to reduce energy consumptio11. t:) Pl'inted 011 Recycled Paper 
	(: .
	Figure
	Gary T. Patterson, Ph.D., Chief Susm1 Edmiston, Chief Februmy 25, 2008 Page 2 
	Should you have any questions regarding OEHHA' s findings on the health effects of endosulfan, please contact Dr. Charles Vidair at (510) 622-2070 (primary reviewer), Dr. David Ting at (510) 622-3226, or Dr. Anna M. Fan at (510) 622-3165. 
	Enclosure 
	cc: .Allan Hirsch Chief Deputy Director Office ofEnvironmental Health Hazard Assessment 
	George V. Alexeeff, Ph.D., D.A.B.T. .Deputy Director for Scientific Affairs .Office of Environmental Health Hazard Assessment .
	David Ting, Ph.D., Chief .Pesticide and Food Toxicology Section .Pesticide and Environmental Toxicology Branch .Office ofEnvironmental Health Hazard Assessment .
	Charles Vidair, Ph.D. .Staff Toxicologist .Pesticide and Food Toxicology Section .Pesticide and Environmental Toxicology Branch .Office ofEnvironmental Health Hazard Assessment .
	Jolm Budroe, Ph.D. .StaffToxicologist .Air Toxicology and Epidemiology Branch .Office ofEnvironmental Health Hazard Assessment .
	Jim Behrmann .Liaison, Scientific Review Panel .Air Resources Control Board .
	.. . , . 
	r: 

	' > 
	Office of Environmental Health Hazard Assessment's Findings .On the Health Effects of Endosulfan .
	Office of Environmental Health Hazard Assessment's Findings .On the Health Effects of Endosulfan .
	Pursuant to Food and Agricultural Code Sections 14022 and 14023, the Office of Environmental Health Hazard Assessment (OEHHA) of the California Environmental Protection Agency (Cal/EPA) provides consultation and technical assistance to the Department of Pesticide Regulation (DPR) on the evaluation of health effects of candidate toxic air contaminants (TAC) and prepares health-based findings. OEHHA previously reviewed and commented on the draft documents prepared by DPR on the evaluation of human health risk
	Chemical Identification 
	Chemical Identification 
	1. .Endosulfan is an insecticide used to kill a wide variety of insects infesting a range of crops. It is classified as a chlorinated hydrocarbon of the cyclodiene group, or organochlorine. Endosulfan exists in a and ~ isomeric forms. The a isomer is a more potent inhibitor of chloride flux in nerve cells (see Mechanisms of Toxicity below) and has been found at higher concentrations in air monitoring studies (see below). 

	Usage and Reported Illnesses 
	Usage and Reported Illnesses 
	2. .
	2. .
	2. .
	Today the crops most commonly treated with endosulfan are grapes, melons, lettuce, tomatoes and cotton. Currently there are six formulated products containing endosulfan that are registered in California. The yearly use of endosulfan in California has been declining, from 180,000 pounds in 1998 to 153,000 pounds in 2004. 

	3. .
	3. .
	Between 1992 and 2005, the Pesticide Illness Surveillance Program ofDPR recorded 58 illnesses that likely involved exposure to endosulfan. Of these, four resulted from drift in the air following endosulfan application. Most of the illnesses were skin and/or eye irritation. It was not indicated in the Volume II Exposure Assessment document how many of these illnesses were non­occupational. · 



	Environmental Fate 
	Environmental Fate 
	4. .Endosulfan in the environment is subject to both hydrolysis and photolysis. Fungi and bacteria degrade endosulfan under both aerobic and anaerobic conditions. Endosulfan adsorbs strongly to soil. California drinking water systems drawing their water from surface water bodies or from wells were monitored for endosulfan from 1986 to 2003. The absence of endosulfan from surface-derived 
	samples, and the low percentage of positive samples from well water, suggest that .drinking water is not a significant source of human exposure to endosulfan. .
	5. .Air monitoring in California shows that endosulfan can drift many miles after aerial application to field crops. It also volatilizes from soil, water and plants. Thus, populations close to or far from agricultural fields can be exposed via the 
	air. 
	6, __.Endosulfan_bi_o_a_cCJ.ill111lates in aquatic Jllants and animals. It is ragidly~c=l=ea~r~e~d________ from aquatic animals post-exposure. 

	Endosulfan in Ambient Air 
	Endosulfan in Ambient Air 
	7. .The ambient air is defined as the air away from agricultural sites of endosulfan application. Endosulfan has been detected in ambient air sampled from urban and unpopulated areas in three studies of agricultural applications in California in 1985, 1996 and 1999. In 1985 DPR monitored tbe air at three residential sites near agricultural fields in Monterey County. In 1996 the California Air Resources Board (ARB) sampled air in Fresno County over a five-week interval during the summer; these included four 
	3
	3


	Endosulfan in Air Near Application Sites (For Calculating Bystander Exposures) 
	Endosulfan in Air Near Application Sites (For Calculating Bystander Exposures) 
	8. .Persons near pesticide application sites are subject to relatively high exposures via inhalation should the chemical drift in the air into the area immediately surrounding the field (tem1ed bystander exposure). The ARB monitored endosulfan concentrations near an apple orchard treated by airblast application of endosulfan in San Joaquin County in 1997. Four monitoring sites surrounded the orchard within approximately ten meters of an edge. Application occurred on April 8 between 5:45 and 7:45 am. Air sam
	8. .Persons near pesticide application sites are subject to relatively high exposures via inhalation should the chemical drift in the air into the area immediately surrounding the field (tem1ed bystander exposure). The ARB monitored endosulfan concentrations near an apple orchard treated by airblast application of endosulfan in San Joaquin County in 1997. Four monitoring sites surrounded the orchard within approximately ten meters of an edge. Application occurred on April 8 between 5:45 and 7:45 am. Air sam
	concentrations were above the LOQ, ranging from 0.004 to 4.56 µg/m. For~­endosulfan, 16 samples had concentrations above the LOQ, ranging from 0.012 to 
	3


	0.34 flg/m. A 24-hour time-weighted average (TWA) concentration for the day of application, and a 3-day TWA concentration that included the two days post­application are estimated in the Volume II Exposure Assessment document. The TWA concentrations of endosulfan were used to calculate short-tern1 (24-hour TWA), seasonal (3-day TWA) and annual (3-day TWA) bystander exposures. These bystander exposures were anticipated to equal or exceed any exposures that might occur at locations away from the application s
	3


	Calculnting Bystander Exposures 
	Calculnting Bystander Exposures 
	9. .Short-term (up to one week), seasonal (one week to one year) and.annual (approximately one year) bystander exposures (Table 1) are estimated in the Volume II Exposure Assessment document. For monitoring perforn1ed near an apple orchard treated by airblast application of endosulfan (see above), the monitoring station with the highest measured values gave a 24-hr TWA of 1,63 
	3 .3 .
	µg/m .and a 3-day TWA of 0.952 fLg/m . The 24-hr TWA was adjusted upward 
	because an application rate of 1.5 lbs of active ingredient per acre (AI/acre) was 
	used instead of the maximum application rate allowed of2.5 lbs AI/acre. 
	Therefore, the 24-l:ir TWA was multiplied by 2.5/1.5 to yield 2.72 fLg/m• 
	3

	Seasonal and annual exposure estimates were not adjusted in this manner. 
	Breathing rates were 0.59 m/kg-day for infants and 0.28 m/kg-day for adults. In 
	3
	3

	the absence of data, inhalation absorption was assumed to be 100 percent. Short­
	Te1111 Absorbed Daily Dosage (STADD) was calculated by multiplying the 
	adjusted 24-hr TWA (2.72 fLg/m) by the breathing rate. Seasonal Absorbed 
	3

	Daily Dosage (SADD) was calculated by multiplying the 3-day TWA (0.952 
	ftg/m) by the breathing rate. Annual Absorbed Daily Dosage (AADD) was 
	3

	calculated by dividing the SADD by 12, since it was considered unlikely that 
	repeated applications of endosulfan would occur near the same individual for 
	longer than one month. OEHHA agrees with this approach. 
	SI .er E n osuIt:
	Table I 

	10rt Terrn, seasona andA1111l1aIBiystand xposures to E d an 
	Table
	TR
	Infants 
	Adults 

	ST ADD mg/kg-day 
	ST ADD mg/kg-day 
	0.00160 
	0.00076 

	SADD mg/kg-day 
	SADD mg/kg-day 
	0.00056 
	0.00027 

	AADD mg/kg-day 
	AADD mg/kg-day 
	0.000047 
	0.000022 



	Mechanisms of Toxicity 
	Mechanisms of Toxicity 
	10. .Endosulfan binds to the y-amino-butyric acid (GABA)-gated chloride channel receptor, thereby inhibiting chloride flux. This is thought to be the primary mechanism by which endosulfan causes generalized brain stimulation and neurotoxicity in mammals. Effects of endosulfan on developing male 
	·• '• 
	c .

	reproductive organs suggest it is also a developmental toxicant. This may also 
	occur through inhibition of GABA-gated channels, or possibly through direct 
	binding of endosulfan to endocrine receptors. This latter mechanism is supported 
	by the estrogenic, antiandrogenic and proliferative effects of endosulfan tested in 
	cultured MCF-7 human breast carcinoma cells (Andersen et al., 2002; VanParys 
	et al., 2006 and other studies discussed in the Volume 1 Health Risk Assessment 
	document). Thus, endosulfan is a potential accelerant of estt·ogen-dependent 
	tumor growth (e.g., breast cancer); however, we are not aware of any studies that 
	have addressed this possibility. 
	Pharmacokinetics 
	Pharmacokinetics 
	11. .In bile duct-cannulated male rats, approximately 78 percent (a isomer) or 85 percent(~ isomer) of an orally administered dose of endosulfan was absorbed by 48 hours (Dorough et al., 1978). Iforal absorption equals or exceeds 80 percent, DPR's policy is to assume 100 percent absorption, as was done in this case. Despite endosulfan's lipophi!icity, excretion was at least 87 percent by 120 hours post-dosing, mostly through the feces (Dorough et al., 1978). Shortly after oral administration, endosulfan con


	Acute Toxicity Studies in Animals 
	Acute Toxicity Studies in Animals 
	12. .The lowest oral LDsos for endosulfan were 7.38 mg/kg in male mice and 9.58 mg/kg in female rats (both by gavage). For the oral route, the lowest acute NOAEL was 0.7 mg/kg-day in a rabbit developmental toxicity study (see below) based on clinical signs in does during the first day of treatment. Inhalation LC50 values in rats (four-hour exposure) were 34,500 µg/m(5.52 mg/kg) for males and 12,600 fLg/m(2.02 mg/kg) for females (Hollander and Weigand, 1983 ). At 3,600 µg/m, where no animals died, the follow
	3 
	3 
	3
	3 

	(0.194 mg/kg-day). This subchronic inhalation NOAEL was lower than the lowest acute oral NOAEL (0.7 mg/kg-day from the rabbit developmental study). Accordingly, OEHHA agrees with the approach followed in the Volume I Health Risk Assessment document, that the most appropriate NOAEL for evaluating .·.~. acute inhalation exposures in people is the rat subchronic inhalation NOAEL. 

	Subchronic Toxicity Studies in Animals 
	Subchronic Toxicity Studies in Animals 
	13. .Over 16 subchronic studies were available, with all but one performed in the rat. Clinical signs ofneurotoxicity included tonic/clonic convulsions and behavioral (memory) effects. Pathological effects were most often noted in the liver and kidney and in hematology. For the oral route, the lowest NOAEL was 1.18 mg/kg-day from a rat reproduction study based on increased kidney and liver weights in parental animals treated for 24 weeks. For the inhalation route (Hollander et al., 1984), rats were exposed 
	3


	Chronic Toxicity and Carcinogenicity Studies in Animals 
	Chronic Toxicity and Carcinogenicity Studies in Animals 
	14. .A total of seven chronic studies were available. A two-year dietary study in the rat (Ruckman el al., 1989) and a one-year dietary study in the dog (Brunk, 1989) both identified a NOAEL of0.6 mg/kg-day. In rats the NOAEL was based on aneurysms, glomerulonephrosis/nephritis, enlarged kidneys, proteinuria and decreased bodyweight gain at 2.9 mg/kg-day. Reduced absolute testes weights 
	() .
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	were observed at all dose levels (statistically significant at the two highest dose levels, see Table 2). 
	Mean testes 
	Mean testes 
	Mean testes 
	. l fwe1g 1ts · rom aT bl 
	e 10 o stu y 1yf d t R I 

	TR
	Mean bodyweig
	ht Mean absolute testes 

	day) 
	day) 
	(g) 
	weight (g) 

	0 
	0 
	748 
	4.78 

	0.1 
	0.1 
	721 
	4.57 

	0.3 
	0.3 
	702 
	4.17 

	0.6 
	0.6 
	690 
	3.94** 

	2.9 
	2.9 
	637 
	4.04** 


	Table 2 
	Dose level (mg/kg­
	ucanan et a.l (1989) 
	William's test;** p<0.01 compared to controls (calculated m study report) 
	Table 3. Background data (i.e., historical controls) for male rats aged 108-112 weeks from Table I 0 of study by Ruckman et al. (1989) 
	Table
	TR
	1% 
	99% 

	Testes (<>) 
	Testes (<>) 
	1.34 
	6.11 

	Bodyweights (g) 
	Bodyweights (g) 
	467 
	1078 


	The absoh1te testes weights fell within the historical control range for this laboratory (Table 3) and there were no histopathological correlates. However, decreased absolute testes weight, relative to the concun-ent control, is a well re<;ognized endpoint of male reproductive toxicity and OEHHA would consider them when evaluating the need for an additional safety factor to protect against male reproductive toxicity by endosulfan. Reduced absolute testes weight is also discussed as an indicator of male repr
	Two carcinogenicity studies were available that were compliant with the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), one perfonned in the rat (Ruckman et al., 1989) and one perfom1ed in the mouse (Donaubauer, 1988). Both were negative for carcinogenicity. Three older rodent studies (Hazelton for NCI, 1978; Powers et al., 1978 for NCI; WHO, 1984) were also negative for 
	Two carcinogenicity studies were available that were compliant with the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), one perfonned in the rat (Ruckman et al., 1989) and one perfom1ed in the mouse (Donaubauer, 1988). Both were negative for carcinogenicity. Three older rodent studies (Hazelton for NCI, 1978; Powers et al., 1978 for NCI; WHO, 1984) were also negative for 
	carcinogenicity, although each had unacceptably high animal mortality and/or other serious methodological problems. A reanalysis of pathology slides from the 

	two National Cancer Institute (NCI) studies of 1978 suggested that both were 
	positive for carcinogenicity (Reuber, 1981, Sci Total Environ 20: 23-4 7); 
	however, due to inadequate reporting of how the reanalysis was performed, as 
	well as its unconventional grouping of tumor data, OEHHA finds insufficient 
	justification for disagreeing with the findings of the original pathologists. Based 
	on all the above information, we find that there is insufficient evidence to suggest 
	endosulfan is carcinogenic. 

	Reproductive Toxicity Studies 
	Reproductive Toxicity Studies 
	15. .A number of studies provided data on the reproductive toxicity of endosulfan, and all were conducted by the oral route. A two-generational reproductive toxicity study was performed in the rat (Edwards et al., 1984). The parental NOAEL was 
	1.1 mg/kg-day in males and 1.3 mg/kg-day in females based on increased kidney and liver weights and decreased bodyweight gain. These were also the reproductive NOAELs, based on a slight decrease in mean litter weight. The ability of males to produce offspring was not affected by endosulfan. In this relatively old study, a number of endpoints of development or function of the reproductive system were not assayed, including sperm counts, crown-rump length, skeletal stains, vaginal opening and preputial separa
	(1.5 mg/kg-day) on post-natal day 65 (puberty) but not on postnatal day 140 (adulthood). There was no maternal toxicity at this dose level as measured by dam bodyweight or litter size. Dividing the study LOAEL by a factor of 10 yields an estimated NOAEL of0.15 mg/kg-day, which is again below the critical NOAEL developed in the RCD. It should be noted that since these reproductive toxicity studies utilized oral exposures, their NOAELs and LOAELs may be significantly reduced if the route of exposure were chan
	The RCD also discusses a human epidemiological study of sexual maturation in children living in an agricultural area ofindia, where endosulfan was the only pesticide reportedly used (Saiyed et al., 2003). Significant delays in the development ofreproductive organs were reported in adolescent males, as well as reduced blood levels of testosterone and increased blood levels of luteinizing hormone. Delayed male sexual development (preputial separation) has also been ebserved in rats treated with endosulfan (Gi
	Developmental Toxicity Studies 
	Developmental Toxicity Studies 
	16. .Two developmental toxicity studies were available in the rat and one in the rabbit. A developmental ncurotoxicity study was also available in the rat. Only one of the two rat developmental studies identified NOAELs: a maternal NOAEL of 
	2.0 
	2.0 
	2.0 
	mg/kg-day based on clinical signs and decreased bodyweights and a developmental NOAEL of 2.0 mg/kg~day based on reduced fetal weight and length and small or unossified sternbrae (Fung, 1980a). In the rabbit study (Nye, 1981) the maternal NOAEL was 0.7 mg/kg-day based on mortality and clinical signs. No developmental toxicity was observed (developmental NOAEL = 12 mg/kg-day). In the developmental neurotoxicity study in rats (Gilmore et al., 2006), neonates and pups had decreased hodyweights at the lowest dos

	3.74 
	3.74 
	mg/kg-day. There were no effects on sperm motility, sperm count (nonnalized to gram of testes or epididymis) or sperm morphology at the highest dose level tested (30 mg/kg-day). Thus, developmental toxicity was not detected at the low inhalation levels that caused subchronic neurotoxicity (see Finding 13). It should be noted that since these studies utilized oral exposures, their NOAELs and LOAELs may be significantly reduced if the route of exposure were changed to inhalation, due to the first pass effect 


	The RCD also discusses a recent human epidemiological study of autism 
	spectrum disorders (ASD) in children born to mothers who lived in California 
	farm areas where pesticides had been applied during their first eight weeks of 
	pregnancy (Roberts et al., 2007). A significant association was measured between 
	maternal proximity to sites of organochlorine ( endosulfan and dicofol) pesticide 
	application and ASD. The authors concluded that the association should be 
	studied further. 
	N eurotoxicity Studies in Animals 
	N eurotoxicity Studies in Animals 
	17. .A number of neurotoxicity studies were available, primarily in the rat. An acute neurotoxicity study in rats (gavage) showed a greater sensitivity of females compared to males (Bury, 1997). The female NOAEL was 1.5 mg/kg and the male NOAEL was 12.5 mg/kg, both based on mortality and clinical signs. The developmental neurotoxicity study in the rat (dietaiy) covered the dosing of 
	females from gestation day six through lactation day 21. The maternal LOAEL 
	and pup developmental LOAEL were both 3.74 mg/kg-day (lowest dose level 
	tested), based on decreased hodyweights. No neurological effects were observed 
	in either the dams or pups (highest dose level tested= 30 mg/kg-day). In a 
	recently published study (Cabaleiro et al., 2008, Effects of in utero and lactational 
	exposure to endosulfan in prefrontal cortex of male rats. Toxicol. Lett. 
	176:58-67), rat offspring were exposed to endosulfan via the dams during the last 
	13 days of gestation and 21 days oflactation. Male offspring were sacrificed on 
	post-natal days 15, 30 and 60, and the levels of small molecule neurotransmitters 
	were measured in the prefrontal cortex of the brain. The lowest dose level tested 
	of 0.6 mg/kg-day caused significant alterations in the content of a number of 
	transmitting amino acids and amines. In contrast, bodyweights of dams and litter 
	sizes were not significantly affected at this dose level, and bodyweights of the 
	male offspring were not significantly different from controls at four of five time 
	points. Dividing the study LOAEL by a factor of 10 yields an estimated NOAEL 
	of0.06 mg/kg-day, which is below the critical inhalation NOAEL of0.194 
	mg/kg-day developed in the RCD. It should be noted that since these studies 
	utilized oral exposures, their NOAELs and LOAELs may be significantly reduced 
	if the route of exposure were changed to inhalation, due to the first pass effect in 
	the liver (see Finding 11). A study in hens failed to detect any delayed zy 
	neurotoxicity (Roberts and Phillips, 1983). 
	Genotoxicity 
	Genotoxicity 
	18. .Gene mutation studies were performed with endosulfan in bacteria, yeast, mouse lymphoma cells and Drosophila (sex-linked recessive lethals). Both positive and negative results were reported. Chromosome damage was tested in vivo and in cultured cells by measuring chromosome abenations (positive, in vivo, germ cell in vivo {e.g., Pandey et al. 1990, Muta! Res 242: 1-7), negative, in vitro, in vivo), micronuclei (negative, in vivo, positive in vivo {e.g., Lajmanovich et al., 2005, Muta! Res 587: 67-72, Ne

	Calculating Margins of Exposure (MOEs) for Characterizing Human Health Risks 
	Calculating Margins of Exposure (MOEs) for Characterizing Human Health Risks 
	19. .OEHHA agrees with tbe critical NOAELs selected in the RCD for calculating short-term, seasonal, and annual margins of exposure. The critical study for all 
	.. .
	10
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	three timeframes is the inhalation study of Hollander et al. (1984). This was performed with male and female rats, exposed nose-only for 6 hr/day, 5 days/week for 21 days. The LOAEL was 0.387 mg/kg-day based on clinical signs, decreased bodyweight gain and food consumption, increased water consumption and clinical chemistry parameters. The NOAEL was 0.194 mg/kg­day. This NOAEL was used directly for short-tem1 and seasonal MOE calculations. For calculating annual MOEs, an estimated no-effect level, or ENEL, 
	20. .In the Volume I Health Risk Assessment document, MOEs were calculated by dividing the appropriate NOAEL (or ENEL) by the exposure. Short-ten11, seasonal and annual inhalation MOEs were calculated for infants and adults exposed as bystanders (Table 4). When using NOAELs from animal studies, DPR regulations specify MO Es of greater than 100 to be health protective, regardless of the route of exposure. Specifically for inhalation exposures to the general public, MO Es of less than 1000 indicate that a che
	Aggregate MOEs, based on inhalation and dietary exposures, are also shown in Table 4. The dietary components are based on the 95'percentile of daily dietary intake of endosulfan by nursing females 13+years old (for short-term aggregate MOEs) or the mean daily dietary intake of endosulfan by nursing females 13+ years old (for seasonal and annual aggregate MOEs). 
	11 

	Table 4. Margins of Exposure (MOEs) in the Volume I Health Risk Assessment document for Short-Term, Seasonal and Annual Exposures to Endosulfan via Bystander Inhalation Only, or via Bystander Inhalation+ Dietarv (i.e., Aggrei ate) 
	Infants 
	Adults 
	121
	Short-term Inhalation MOEs 
	255 
	346
	Seasonal Inhalation MOEs 
	719 
	413
	Annual Inhalation MOEs 
	882 
	Short-term Aggregate MOEs 
	78 
	146 
	Seasonal Aggregate MOEs 
	296 
	595 
	Annual Aggregate MOEs 
	343 
	702 
	21. .
	21. .
	21. .
	Inhalation MOEs (Table 4) ranged from 121 to 882. Adding in dietary exposure gave lower MOEs, ranging from 78 to 702. Infants had the lowest short-term aggregate MOE of78. For this group, 67 percent of the exposure to endosulfan was through the diet and 33 percent was through the air. We note that all MOEs, both inhalation-only and aggregate, were below 1000, making endosulfan a potential TAC. 

	22. .
	22. .
	Reference concentrations are calculated in the Volume I Health Risk Assessment document for acute, subchronic and chronic exposures to endosulfan based on the NOAEL of0.194 mg/kg-day from the subchronic rat inhalation study (Table 5). For acute and subchronic RfCs, an uncertainty factor often was applied for animal to human extrapolation and ten for human variability. For chronic RfC calculation, an additional uncertainty factor often was applied to extrapolate from subchronic to chronic exposure. As discus


	Table 5. Reference Concentrations (RfCs) calculated in the Volume I Health Risk Assessment document or by OEHHA for Acute, Subchronic and Chronic Exposures to 
	Endosulfan Infants 
	Adults Calculated in Volume I Health Risk Assessment Acute 



	3.3 ug/mJ 
	3.3 ug/mJ 
	6.9 ug/n/ Subchronic 
	6.9 u2Jn/ Chronic 
	3.3 'tg/m' 
	0.33 ug/mJ 
	0.33 ug/mJ 
	0.69 'tg/m' 

	Calculated by OEHHA addin> an uncertainty factor of3 for infants (see Finding 23) Acute 
	1.1 ug/m' 
	6.9 ug/m' Subchronic 
	6.9 ug/m' Chronic 
	1.1 'tg/m' 
	0.69 ug/111'
	0.69 ug/111'
	0. 11 >tg/m' 
	The RfC values in the RCD and reproduced in Table 5 can be compared to the 
	concentrations calculated for infants and adults exposed to endosulfan as 
	bystanders (Table 6). All six fractional RfC values are greater than ten percent, 
	indicating that endosulfan should be identified as a TAC. Note that if the infant 
	RfCs were reduced by a factor of three as proposed by OEHI-IA, the percent RfC 
	values for infants would be even larger. 
	Table 6. Percent Reference Concentrations for Bystander Inhalation Exposures Estimated in the Volume I Health Risk Assessment document 
	Endosulfan Air Concentration as a Percentage of RfC* 
	Infants 
	Infants 
	Infants 
	Adults 

	Acute (short-term) 
	Acute (short-term) 
	82% 
	39% 

	Subchronic (seasonal) 
	Subchronic (seasonal) 
	29% 
	14% 

	Chronic (annual) 
	Chronic (annual) 
	24% 
	11% 


	*Endosulfan air concentration as a percentage of RfC was calculated by d1v1d1ng the exposure rate for each 
	exposure scenario (Tables 1 of these findings) by the breathing rate, and expressing each of those values as a percentage of the corresponding RfC 



	Additional Findings 
	Additional Findings 
	23. .The subchronic inhalation study by Hollander et al. (1984) was performed with four to six week-old rats. As such, OEHHA considers its LOAEL and NOAEL 
	r.\
	'l / 
	February 25, 2008 
	appropriate for adult risk assessment, and would apply an uncertainty factor for interspecies, intraspecies and subchronic to chronic extrapolation. This is also the approach followed in the Volume I Health Risk Assessment document for adults. However, in perfo1111ing inhalation risk assessment for the effects that may only result from exposures to rats developing in utero or postnatally, the document must rely on studies where dosing was via the diet or gavage, with the times of exposure varying from gesta
	---uncertainty associateC! with using tliese stuoiesto preoicchow young rafs ano rats in utero would respond to endosulfan via inhalation: 
	• .
	• .
	• .
	There are a number of studies where endosulfan in the range of 0.6 to 1.5 mg/kg­day produced developmental neurotoxicity (Cabaleiro et al., 2008; see Finding 17) and male reproductive toxicity in rats, including reduced testes weight and/or function (Ruckman et al., 1989; Dalsenter et al., 1999, Sinha et al., 200la). The studies ofDalsenter et al. (1999), Sinha et al. (200la) and Cabaleiro et al. (2008) were LOAEL-only studies, which if extrapolated to a NOAEL by application of an uncertainty factor of 10, 

	• .
	• .
	• .
	There has heen inadequate testing during the post-lactational period of rat development, starting at approximately three weeks after birth. This is a period nonnally covered by a reproductive toxicity study. Such a study is available for endosulfan (Edwards et al., 1984); however, a number of developmental endpoints required by today's guidelines were not required at that time, including sperm counts, spem1atid number, sperm motility, spenn morphology, crown-mmp length, skeletal stains, vaginal opening and 

	70: 149-158), the failure of Gilmore et al. (2006) to measure these sperm parameters in animals exposed during the post-lactational period of development cannot be corrected by measurements of offspring production by males in Edwards et al. (1984). 

	• .
	• .
	There is some evidence that young rats are more sensitive to endosulfan than adults. Table 7 shows these comparisons. For Seth et al. (1986), dosing was by intraperitoneal injection (ip). For the Sinha et al. studies (1995 and 1997), dosing was by gavage. In both the Seth et al. (1986) study and in the two Sinha et al. (1995, 1997) studies, the pups exhibited these endpoints ofpossible developmental neurotoxicity and male reproductive toxicity at lower dose levels than the older animals. The difference was 


	Table 7 comparing rat pup and adult sensitivities to endosulfan: effects on brain 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	l .. ble1av10r an . d 
	t
	s )erm narame ers .Study .
	c1em1strv, 
	c1em1strv, 
	c1em1strv, 
	Dosing 

	Dose level 

	Endpoints tested and producing 
	Age 
	effects observed effects pups at 
	ip over 5 
	ip over 5 
	1 mg/kg-day 

	Increased binding in brain birth 
	weeks (25 
	of serotonin and .Seth et al., .
	treatments) 
	benzodiazepine, decreased 1986 
	dopamine binding, increased fighting, all at 8 days after cessation of dosing 
	adults (8 
	adults (8 
	adults (8 
	ip over 30 

	No effect at 

	Serotonin binding in brain, weeks 
	days (30 
	days (30 
	highest dose 

	fighting behavior, all at 8 old) 
	treatments) 
	treatments) 
	tested (3 

	days after cessation of mg/kg-day) 
	dosing Sinha et al., 
	3 week 
	3 week 
	3 week 
	daily gavage 

	2.5 mg/kg-day 

	Decreased spermatid count 1997 
	Decreased spermatid count 1997 
	old pups 
	old pups 
	for 10 weeks 

	and sperm production rate, increased spern1 abnormalities 
	Sinha et al., 3 month daily gavage 5 mg/kg-day, Decreased spermatid count 1995 
	old adults 
	old adults 
	old adults 
	old adults 
	for 10 weeks 

	no effect at 

	and sperm production rate, 


	2.5 mg/kg-day 
	2.5 mg/kg-day 
	increased spern1 abnormalities 
	'l.• .• 
	r ..

	In Table 7, the effects of exposure to endosulfan occurred at a two to three-fold lower dose level in the young rats compared to the adults. Therefore, to protect against this age-related sensitivity, in consideration of the LOAEL-only studies (gestational and lactational dosing) and their estimated NOAELs that are two to three-fold lower than the critical inhalation NOAEL developed in the RCD (see first bullet above), as well as to account for the pharmacokinetic and testing uncertainties discussed above, 
	6. 
	24. .
	24. .
	24. .
	In animal tests, technical grade endosulfan caused dermal irritation but was not irritating to the eye. Endosulfan formulated products caused both dermal and ocular irritation. In the guinea pig dermal sensitization test, two endosulfan formulations were negative and one was a moderate dermal sensitizer. Thus, there is a potential risk of dermal sensitization in humans exposed to endosulfan. 

	25. .
	25. .
	One study from the published literature found no evidence for cumulative toxicity involving endosulfan and other organochlorine compounds. 


	OEHHA response to Feb 6, 2008 letter from DPR to Dr. Landolph (The italicized sections provide orientation within the DPR letter.) 
	Page 2 ofDPR letter, second paragraph: "Also, with the exception ofDalsenter et al., 1999, none ofthe studies was reproducible. " OEHHA sees no justification for the statement that these studies were irreproducible. 
	Page 2 ofDPR letter, Ahmad et al., 1993: While bodyweights and mortality were not affected, decreases in the weights of the testis, epididymis, vas deferens, prostate, seminal vesicles, ovaries, oviduct and uterus were observed. The Feb 6 memo rightly points out that clinical signs were not reported. Thus, the decreases in organ weights may have been accompanied by neurotoxicity. 
	Page 2 ofDPR letter, Chitra et al., 1999: The test article was reported as Thiodan, which is the trade name for the formulated product containing 3 5 percent endosulfan. Other chemicals were present in the test article in addition to endosulfan, as is the case with most studies, since a pure test article is rarely if ever available. Thus, it is impmiant to consider the kinds of toxic effects that were observed in this study, and compare them to other studies of endosulfan for concordance or nonconcordance o
	Page 3 ofDPR letter, Sinha et al. 1995 and 1997: Useful comparisons can be made between these two studies. Comparing spem1 count/cauda epididymis, spermatid count/testis, sperm production rate and percent sperm abnormalities, the first three were significantly decreased and the fourth was significantly increased in three week-old males treated at 2.5 mg/kg-day, but only spem1 count/cuada epididymis was significantly different from control (decreased) in three month-old males treated at the same dose level (
	10.0 mg/kg-day). The authors concluded in their 1997 paper, "When these results were compared to our earlier work (Sinha et al., 1995) where the effects of endosulfan on testes of adult male rats were studied it was observed that the exposure to this pesticide during adult life had its effect at a dose of 5 and 10 mg/kg bodyweight and was not in a dose dependent manner. Whereas endosulfan when administered during prepube1ial age has its damaging effect from the lowest dose (2.5 mg) and the toxicity increase
	Page 3 ofDPR letter, Sinha et al., 2001 a: In this study, exposure was gestational at 1 
	mg/kg-day. At 100 days after birth the males exhibited decreased weights of testes, ·epididymis and seminal vesicles, as well as decreased sperm counts in the cauda 
	epididymis and decreased spermatid counts in the testis. Their bodyweights were 
	•,• 
	( 

	unaffected compared to controls, Importantly, no clinical signs were observed and there 
	were no changes in dietary intake. In addition, there were no treatment-related changes 
	in litter size or weight Thus, toxicity to male reproductive organs was observed in the 
	apparent absence ofneurotoxicity. Dividing the study LOAEL (1 mg/kg-day) by a factor 
	of 10 yields an estimated NOAEL of 0.1 mg/kg-day, which is below the critical 
	subchronic inhalation NOAEL of0.19 mg/kg-day developed in the RCD, 
	Page 3 ofDPR letter, Dalsenter et al,, 1999: Dosing of rats was during gestation and .,ll 14()-(adnlthoudJ:-Matemahoxieity-flGwer-b0dyweights1-0eeuHeEl-at-'l-mgJkg-daJ1-bUt-nGt-----­at 1.5 mg/kg-day, At the lower dose level, sperm production in offspring was significantly decreased only on day 65, At the higher dose level of 3 mg/kg-day, spe1111 production was significantly decreased at both time points, Thus, the lower sperm production at 1.5 mg/kg-day was transient under the conditions of this study. OEHH
	lactation, via the dams. Male offspring were studied at post-natal days 65 (puberty) and 

	Dalsenter el al,, 1999 also tested the reproductive performance of the treated male 
	offspring, There were no significant effects on the number of implantations per litter or 
	viable fetuses per litter at 3 mg/kg-day, despite significantly decreased sperm production, 
	Thus, male fertility in the rat was a less sensitive indicator of endosulfan toxicity than 
	sperm production, These results emphasize the importance of measuring sperm production in addition to fertility, especially since humans, unlike rats, do not produce 
	sperm in large excess of what is required for normal fertility (Amann, 1986, Detection of 
	alterations in testicular and epididymal function in laboratory animals. Environ Health Perspect 70:149-158), 
	In Dalsenter et al,, 1999, male reproductive toxicity (transient reduction in spem1 production) was observed on post-natal day 65 at 1.5 mg/kg-day, Dividing the study LOAEL by a factor of 10 yields an estimated NOAEL of0.15 mg/kg-day, which is below the critical subchronic inhalation NOAEL of0.19 mg/kg-day developed in the RCD, 
	Page 5 ofDPR letter, response to OEHHA 's finding 18: "Regarding age related effects, since adult pups were not dosed at equal doses, it is not possible lo make conclusions about sensitivity due to age (eg, Pups dosed at 0,5 and J,Q mg/kg/day; adults dosed only at 3 mg/kg/day -not comparable)," In Seth el al,, 1986, rat pups were dosed 25 times ip at 1 mg/kg-day over five weeks, then allowed to recover for 8 days, They exhibited significantly increased neurotransmitter binding in the brain and significantly
	before these endpoints are significantly altered relative to controls. The authors of Seth et al., 1986 concluded, 'The greater sensitivity of developing rats to endosulfan may be due to its interaction with developmental pattern ofthe neurotransmitter receptors which develop pre-and postnatally over a long period of time. Perhaps such interactions are responsible for the persistent changes in the developing animals as compared to the adult rats. The increased sensitivity of neonates to endosulfan may also 
	Page 5 ofDPR letter, response to finding 25: "The ip studies performed in young animals ofSeth and Zaidi can be used in support ofthe inhalation studyofHollander et al., 1984. NOELs can be extrapolated from an ip study to estimate an inhalation NOEL (US EPA 1982 and 1994)." As discussed in the OEHHA findings, endosulfan exhibits a marked first pass effect in the liver following ingestion. The compound is absorbed in the gi tract and then transferred to the portal circulation flowing into the liver. In the l
	Page 6 ofDPR letter, discussion ofOEHHA 's citing Ruckman et al., 1989. 
	9
	9
	M ean tes es we1g . B fTOm T bl e 10 0 f study by Ruc (manet a.,l 198

	t ht a I 
	t ht a I 


	Bodyweight (g) 
	Absolute testes wt
	Dose level (p1g/kg­
	(g)
	day) 
	4.78
	748
	0 
	4.57
	721
	0.1 
	702 
	4.17
	0.3 
	3.94**
	0.6 
	690 
	. 
	4.04**
	2.9 
	637 
	William's test;** p<0.01 compared to controls (calculated in study report) Background data (i.e., historical controls) for male rats aged 108-112 weeks: 
	Table
	TR
	1% 
	99% 

	Testes (g) 
	Testes (g) 
	1.34 
	6.11 

	Bodyweights (g) 
	Bodyweights (g) 
	467 
	1078 


	The upper table shows the bodyweights and testes weights ofmale rats fed endosulfan for two years. The lower table shows historical controls. Absolute testes weights were 
	decreased relative to control at every dose level, with statistical significance reached at the two highest dose levels. No other organ weights in males were significantly different from controls. There were no histopathologic changes observed in the testes at any dose level. The Feb 6 memo considers that the decreases in absolute testes weight are not toxicologically significant, because the relative testes weights were not significantly different from control, the absolute testes weights and bodyweights w
	----------absolute-testes-weight-ts-eens-iElereEl-a-valiEl-indiGater-eJ.-male-reprnducti¥e-toxicity-~US--------­EP A, 1996, Guidelines for Reproductive Toxicity Risk Assessment), especially where the reduction in bodyweight was mild, as was the case here. Second, when a concurrent control population is available, as was the case here, OEHHA would not discount an effect (decreased absolute testes weight) that was significant relative to the concurrent control, even if the values fell within the historical co
	Page 6 ofDPR letter, paragraph beginning with "The issue oftestes ... " Testes function 
	was evaluated in Chitra et al. (1999), Dalsenter et al. (1999) and Sinha et al. (200la). In 
	addition, in Dalsenter et al. (1999), sperm production was significantly decreased at 1.5 
	mg/kg-day. 
	Page 7 ofDPR letter, response beginning with "Treating the males between weeks 3 and 6 would not change the overall conclusion because:" 
	I. .al., 1984) did not measure a number of male reproductive parameters that are required today including sperm number, spermatid number, sperm motility and sperm morphology. The study did measure offspring production. In contrast to humans, male rats produce sperm in excess of what is required for normal fertility (Amann, 1986, Detection of alterations in testicular and epididymal function in laboratory animals. Environ Health Perspect 
	The reproduction study in rats (Edwards.el 

	70: 149-158; Dalsenter et al., 1999). Therefore, offspring production by males in Edwards et al. (1984) is not sufficient to rule out effects on sperm production in animals treated according to the schedule of a reproduction study. The developmental neurotoxicity study of Gilmore et al. (2006) cannot fill this data gap, since the period of exposure was far shorter than that of a reproduction stndy, and there was no direct dosing of the offspring. 
	2. .
	2. .
	2. .
	The developmental neurotoxicity study of Gilmore et al. (2006) expresses sperm counts as spem1/gram of epididymis and spem11gram of testis. No data are presented on testes size or epididymis size. Therefore, it is not possible to determine if total sperm numbers or total spermatid numbers were normal in treated animals in this study. These deficiencies limit the usefulness of this dataset. 

	3. .
	3. .
	Page 7 ofDPR letter, "Testes weights and sperm counts are not consistent among studies as has been described in Tables 47 and 48 ofthe February 2008 revised 


	RCD." Looking at the testes weights in the three Sinha et al. studies (1995, 1997, 200la) where Druckery rats were used, the control values were quite comparable (This was also true for the controls in the two Dalsenter et al. studies (1999, 2003), where the testes weights ofWistar rats were expressed as percentages of bodyweight (0.40 and 0.41, respectively). Some sperm parameters were consistent in controls across studies, while others varied. For example, in the three Sinha et al. (1995, 1997, 200la) stu
	2.73±0.21
	, 2.49±0.19, 2.79±0.03, respectively). 

	4. .Page 7 ofDPR letter, "There were no effects on reproductive organs in any study (subchronic, chronic, acute), by any route (oral, dermal, gavage, inhalation) in either sex in studies accepted by DPR." OEHHA considers the decreased absolute testes weights in the chronic rat study by Ruckman et al. (1989) as a possible male reproductive effect. Sperm counts were measured in only a single study acceptable to DPR (Gilmore et al., 2006). As described above, insufficient reporting and analysis of testicular e
	Page 8 ofDPR letter: The Zaidi et al. (1985) citation and results have been dropped from the table below. Information has been added to more precisely describe the findings of the other studies in the table. In both the Seth et al. (1986) study and in the two Sinha et al. (1995,.1997) studies, the pnps exhibited these endpoints of possible developmental neurotoxicity and male reproductive toxicity at lower dose levels than the older animals. The difference was at least 3-fold in Seth et al. (1986) and at mo
	Table comparing rat pup and adult sensitivities to endosulfan: effects on brain chemistry, b I .
	e1av10r an d snerm nararneters 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure



	Study 
	Study 
	Study 
	Study 
	Study 
	Age 

	Dosing 

	Dose level 


	Endpoints tested and producing 
	Endpoints tested and producing 

	effects observed effect 
	effects observed effect 
	pups at 
	pups at 
	pups at 
	ip over 5 

	1 mg/kg-day 

	Increased binding in brain birth 
	weeks (25 
	of serotonin and Seth et al., 
	treatments) 
	benzodiazepine, decreased 1986 
	dopamine binding, increased fighting, all at 8 days after cessation of dosing 
	adults (8 
	adults (8 
	adults (8 
	adults (8 
	ip over 30 

	No effect at 

	Serotonin binding in brain, 

	weeks 
	weeks 
	weeks 
	weeks 
	days (30 

	highest dose 

	fighting behavior, all at 8 

	old) 
	old) 
	old) 
	old) 
	treatments) 

	level tested (3 

	days after cessation of 

	mg/lrn:-day) 
	mg/lrn:-day) 
	dosing 



	• 
	• 
	(; 

	February 25, 2008 
	Study 
	Study 
	Study 
	Age 
	Dosing 
	Dose level 
	Endpoints tested and 

	TR
	producing 
	effects observed 

	TR
	effect 


	Sinha et al., 
	3 week 
	daily gavage 
	daily gavage 
	2.5 mg/kg-day 

	Sect
	Decreased spermatid count 1997 
	old pups 
	old pups 
	old pups 
	for 10 weeks 

	and spem1 production rate, increased sperm abno1malities 

	Sinha-et-el.,­
	_D_e_cr_el!S_ed_spermatid count 1995 
	-~-month
	-

	-daily--ga¥age­
	-5-mglkg~da:\',
	-

	old adults 
	old adults 
	old adults 
	old adults 
	for IO weeks 

	no effect at 

	and sperm production rate, 


	2.5 mg/kg-day 
	2.5 mg/kg-day 
	2.5 mg/kg-day 
	increased sperm abnom1alities 





