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FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for these toxic substances described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a substance's toxicologic properties. Other pertinent literature is
also presented, but is described in less detail than the key studies. The profile is not intended to be an
exhaustive document; however, more comprehensive sources of specialty information are referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile
begins with a relevance to public health discussion which would allow a public health professional to
make a real-time determination of whether the presence of a particular substance in the environment
poses a potential threat to human health. The adequacy of information to determine a substance's health
effects is described in a health effects summary. Data needs that are of significance to the protection of
public health are identified by ATSDR.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a toxic substance to ascertain the levels of significant
human exposure for the substance due to associated acute-, intermediate-, and chronic-
duration exposures;

(B) A determination of whether adequate information on the health effects of each substance
is available or in the process of development to determine levels of exposure that present
a significant risk to human health of acute, intermediate, and chronic health effects; and

© Where appropriate, identification of toxicologic testing needed to identify the types or
levels of exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been
peer-reviewed. Staffs of the Centers for Disease Control and Prevention and other Federal scientists have
also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental panel
and was made available for public review. Final responsibility for the contents and views expressed in
this toxicological profile resides with ATSDR.

Christopher M. Reh, Ph.D.
Associate Director

Agency for Toxic Substances and Disease Registry
Centers for Disease Control and Prevention
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CHAPTER 1. RELEVANCE TO PUBLIC HEALTH

1.1 OVERVIEW AND U.S. EXPOSURES

Hexachlorocyclohexane (HCH) is a mixture of eight isomers, four of which are of commercial
significance: alpha (a)-HCH (Chemical Abstracts Service [CAS] Registry Number 319-84-6),

beta (B)-HCH (CAS Registry Number 319-85-7), gamma (y)-HCH (CAS Registry Number 58-89-9), and
delta (3)-HCH (CAS Registry Number 319-86-8). Technical (or technical-grade) HCH (CAS Registry
Number 608-73-1) is not an isomer of HCH, but rather a mixture of several isomers; it consists of
approximately 60-70% oa-HCH, 5-12% B-HCH, 10-15% y-HCH, 6-10% 6-HCH, and 3-4% ¢-HCH
(Kutz et al. 1991). The most well-studied isomer is y-HCH (lindane), an organochlorine insecticide that
was used for a broad range of agricultural applications in the United States and worldwide beginning in
the 1940s. Its agricultural use began to be limited in the 1970s by the U.S. Environmental Protection
Agency (EPA), citing human health concerns, and final registrations for products containing y-HCH were
cancelled in late 2006. Today, 1% y-HCH prescription products, regulated by the U.S. Food and Drug
Administration (FDA), are available for lice and scabies treatment. HCH isomers exist as white solids
that can volatilize to the gas or particulate phase. HCH released to the environment can volatilize from,
or partition to, soil and can leach to groundwater. The general population may be exposed to low
amounts of HCH through inhalation of contaminated ambient air and ingestion of contaminated water
(exposure in the range of parts per trillion) or contact with contaminated soils (exposure in the range of
parts per billion). The highest exposures result from the use of y-HCH pharmaceutical treatments.
Workers who work at facilities that use or process y-HCH and people who live near HCH-contaminated

sites may have increased exposure.

1.2 SUMMARY OF HEALTH EFFECTS

The toxicological database for HCH includes human observational studies of pesticide workers and the
general population and studies of animals exposed by inhalation, oral administration, and dermal
application. In general, the studies of pesticide applicators with exposure to y-HCH or technical HCH
used qualitative measures of exposure. Most general population studies used blood or tissue
concentrations of HCH isomers to assess exposure, and the samples were typically collected
simultaneously with or after outcome assessment. As such, the temporal relationship between exposure

and outcome is uncertain.
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1. RELEVANCE TO PUBLIC HEALTH

Data pertaining to the effects in animals after inhalation or dermal exposure are limited to the y-HCH
isomer and technical HCH. In addition, the available data on effects in animals exposed by oral
administration to a-, B-, or 8-HCH are relatively limited, compared to the information available for
v-HCH. Figures 1-1 through 1-5 show the most sensitive effects in animals after inhalation exposure to
v-HCH, oral exposure to a-HCH, oral exposure to f-HCH, oral exposure to y-HCH, and oral exposure to
technical-grade HCH, respectively. The available data on 8-HCH are not adequate to identify sensitive
effects by any exposure route. As Figure 1-2 shows, the most sensitive effect of oral exposure to a-HCH
is liver toxicity. A systematic review of this endpoint resulted in the following hazard identification
conclusion:

e Hepatic effects are a presumed health effect for humans.

Figure 1-3 shows that the most sensitive effects of B-HCH in animals exposed orally are liver toxicity and
neurological effects. A systematic review of these endpoints resulted in the following hazard
identification conclusions:

e Hepatic effects are a presumed health effect for humans.

e Neurological effects are a presumed health effect for humans.

Figures 1-1 and 1-4 show that the most sensitive effects of y-HCH in animals are developmental toxicity
and immune system effects. A systematic review of these endpoints resulted in the following hazard
identification conclusions:

e Developmental effects are a presumed health effect for humans.

e Immune system effects are a presumed health effect for humans.

Figure 1-5 shows the most sensitive effects of technical-grade HCH (a mixture of isomers) or in studies

that did not specify the HCH isomer(s). A systematic review was not conducted for the mixture.

Hepatic Effects. Data on hepatic effects of HCH isomers in humans are inadequate for hazard
identification, but studies in animals show similar liver effects induced by all the subject isomers of HCH
after inhalation, oral, and dermal exposure. Hepatic effects consisting of increased absolute and/or
relative liver weights, hepatocellular hypertrophy, necrosis, fatty degeneration, bile duct proliferation, and
nodular hyperplasia have been observed in rats, mice, and hamsters exposed by oral administration of
a-HCH for intermediate and chronic durations (Fitzhugh et al. 1950; Ito et al. 1975; Nagasaki et al. 1975;
Sumida et al. 2007; Tryphonas and Iverson 1983). Dietary administration of B-HCH for intermediate and

chronic durations has resulted in similar liver toxicity in rats and mice (Fitzhugh et al. 1950; Hanada et al.
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Figure 1-1. Health Effects Found in Animals Following Inhalation Exposure to
y-Hexachlorocyclohexane

Concentration (ppm) Effects in Animals
101-603 Acute: Decreased body weight and clinical signs of neurotoxicity in rats
| 5-10 Acute: Death in mice; diarrhea in rats

Intermediate: Diarrhea in rats; bone marrow myelogram changes in rats

| 0.5-1 Intermediate: Death in mice; histological changes in kidneys in rats

Figure 1-2. Health Effects Found in Animals Following Oral Exposure to
a-Hexachlorocyclohexane

Dose (mg/kg/day) __ Effects in Animals

| 45-70 Intermediate: Histological changes in kidneys in rats; hepatoma in
female mice; decreased body weight in rats

Chronic: Hepatocellular carcinoma in rats

| 18-20 Intermediate: Increased liver weight and histological changes in liver in
mice; hepatoma in male mice

| 4 Chronic: Increased liver weight and histological changes in liver in rats

0.002 mg/kg/day Intermediate MRL
0.0009 mg/kg/day Chronic MRL



HEXACHLOROCYCLOHEXANE (HCH)

1. RELEVANCE TO PUBLIC HEALTH

Figure 1-3. Health Effects Found in Animals Following Oral Exposure to
B-Hexachlorocyclohexane

Dose (mg/kg/day) Effects in Animals

| 60-200 Acute: Lateral recumbency and death

Intermediate: Reduced tail nerve conduction velocity in rats; immune
suppression and hepatic histopathology changes in mice

20-38 Acute: Ataxia and hypoactivity in rats

Intermediate: Death; hematology changes; histological changes in
kidneys, adrenal glands, spleen, thymus, ovaries, and testes in rats; pup
mortality in rats

Chronic: Liver tumors in mice

| 59 Intermediate: Decreased body weight gain in rats; increased liver
weight in rat pups

| 0.18-0.7 Intermediate: Histological changes in liver in rats

Chronic: Increased liver weight and histological changes in liver in rats

0.08 mg/kglday8 Acute MRL

0.0006 mg/kg/day Intermediate MRL
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Figure 1-4. Health Effects Found in Animals Following Oral Exposure to
y-Hexachlorocyclohexane

Dose (mg/kg/day) Effects in Animals

| 13.6-20 Acute: Death in rats; impaired development of male and female
reproductive tracts in mice

Chronic: Hepatocellular carcinoma in mice

7-10 Acute: Reduced delayed-type hypersensitivity in rats; increased
spontaneous activity in rats; hematological effects in mice

Intermediate: Female reproductive effects in rats; suppressed body
weight gain in dogs

Chronic: Increased liver weight and histological changes in liver in rats;

histological changes in kidney in rats

3-5 Acute: Histological changes in liver in rats; changes to serotonin levels
and seizures in rats

Intermediate: Decreased sperm count and motility in rats; immune
suppression in rats; cardiotoxicity in rats

0.25-1.7 Acute: Impaired development of male reproductive tract in rats

Intermediate: Histological changes in liver in rats; reproductive effects
in mink; Reduced ovulation rate in rabbits; persistent hyperactivity and
ultrastructural changes in the brains of rat pups

0.00015-0.07 Intermediate: Histological changes in kidney in male rats; immune
suppression in mice; decreased body weight and cardiac histopathology
in rat pups; altered ventricular electrophysiology in rat pups

0.003 mg/kg/day Acute MRL
0.0000008 mg/kg/day Intermediate MRL
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Figure 1-5. Health Effects Found in Animals Following Oral Exposure to
Technical Hexachlorocyclohexane

Dose (mg/kg/day) Effects in Animals

50-144 Acute: Death in mice; histological changes in liver in mice

Intermediate: Liver tumors in mice

10 Acute: Reduced enzyme activity in the brain in rats; reproductive effects
in male rats

Intermediate: Changes in neurotransmitter levels in rat pups

Chronic: Convulsions in mice; hepatocellular carcinoma in mice

2-4 Intermediate: Decreased body weight gain in rats; decreased vas
deferens weight and degeneration in rats; altered behavior,
ultrastructural changes in brain in rats; increased liver weight in rats

Chronic: Histological changes in liver in rats

0.4-0.8 Intermediate: Increased kidney weight in pigs; tremors, convulsions,
paralysis of limbs in rats
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1973; Ito et al. 1973, 1975; Van Velsen et al. 1986). In intermediate-duration studies of rats exposed to
v-HCH aerosol, increased liver weights were seen without histology changes (Oldiges et al. 1983). After
oral exposure to y-HCH for acute, intermediate, and chronic durations, liver effects in rats, mice, and
rabbits have included increased serum enzymes indicative of hepatocellular injury, increased serum lipids,
increased liver weight, hepatocellular hypertrophy, vacuolar degeneration, necrosis, and congestion (Ali
and Shakoori 1998; Amyes 1990; Attia et al. 2011; Boll et al. 1995; Cer6n et al. 1995; EPA 1991a,
2000a; Fatih Fidan et al. 2008; Fitzhugh et al. 1950; Grabarczyk et al. 1990; Hfaiedh et al. 2012; Kamal
El-Dein et al. 2016; Kopec-Szlezak et al. 1989; Matsuura et al. 2005; Parmar et al. 2003; Singh and
Sharma 2011; Sumida et al. 2007; Suter 1983; Vijaya Padma et al. 2011). Centrilobular hepatocellular
hypertrophy was also reported in rats exposed to y-HCH for 13 weeks by dermal application (EPA
1988a). In intermediate-duration studies of rats and mice exposed to 6-HCH, increased liver weight
and/or centrilobular hypertrophy were reported (Ito et al. 1973, 1975). Studies of animals exposed to
technical-grade HCH by oral or dermal administration (e.g., Dikshith et al. 1978, 1989b, 1991a, 1991c;
Fitzhugh et al. 1950; Philip et al. 1989; Trivedi et al. 2007, 2009) provide supporting evidence for hepatic
effects of HCH isomers.

Developmental Effects. Epidemiological studies examining relationships between birth outcomes and
maternal or fetal blood or tissue levels of B-HCH have reported associations with decreased birth weight
(Anand and Taneja 2020; Callan et al. 2016; Fang et al. 2019a, 2019b; Guo et al. 2014; Lopez-Espinosa et
al. 2011; Yang et al. 2020) and fetal growth restriction (Sharma et al. 2012). Studies using a- or y-HCH
levels in maternal or fetal tissues to assess the relationship between HCH exposure and developmental
outcomes in humans have not shown consistent results and are limited by the relatively short half-life of
these isomers in the human body (see details in Section 3.1.4). No developmental toxicity studies of
animals exposed to a-HCH were located. Developmental toxicity data for B-HCH are very limited but
show increased perinatal mortality and increased liver weight of pups after exposure during gestation and
lactation or lactation only (Srinivasan et al. 1991). After oral administration of technical-grade HCH
during gestation, mice exhibited increased fetal resorptions (Dikshith et al. 1990; Srivastava and Raizada

2000) and rats have shown altered neurotransmitter levels in the brain (Nagaraja and Desiraju 1994).

Studies in a variety of species exposed to y-HCH for acute or intermediate durations during gestation or
postnatal development have demonstrated effects on a wide range of endpoints, including birth outcomes
and development of the male and female reproductive tracts, central nervous system, heart, liver, thymus,
and spleen. Increased stillbirths, reduced neonatal viability, and decreased pup weights have been

reported in rats, mice, and mink (Beard et al. 1997; EPA 1991a, 1999c; Hassoun and Stohs 1996a;
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Matsuura et al. 2005; Sauviat et al. 2005). In male offspring of rats and mice exposed to y-HCH via oral
administration during gestation and/or postnatal development, effects on preputial separation, serum
hormone levels, spermatogenesis, reproductive organ weights, and testicular histopathology have been
reported (Agrahari et al. 2019; Dalsenter et al. 1997a, 1997b; Di Consiglio et al. 2009; La Sala et al. 2009;
Traina et al. 2003). Female offspring of rats and mice exposed similarly exhibited effects on vaginal
opening, oogenesis, and uterine weight (La Sala et al. 2009; Maranghi et al. 2007; Matsuura et al. 2005).
Oral exposure of maternal rats and mice to y-HCH has resulted in significant decreases in thymus and
spleen weights in the offspring (Hassoun et al. 1996; Matsuura et al. 2005), increases in pup liver weight
(Srinivasan et al. 1991), and cardiac electrophysiology and histopathology changes in pups (Sauviat et al.
2005). Developmental neurotoxicity findings in animals orally exposed to y-HCH in utero or during
development included seizures and convulsions (Albertson et al. 1985; Johri et al. 2008); effects on motor
activity, learning, and memory (EPA 1999c; Johri et al. 2007; Rivera et al. 1998; Srivastava et al. 2019);
changes in neurotransmitter levels (Rivera et al. 1991, 1998); altered brain wave activity (Breton et al.

2005); and ultrastructural changes in the brain (Srivastava et al. 2019).

Immune System Effects. There are inadequate data on effects of HCH isomers on the immune system of
humans. No studies of immune endpoints in animals exposed to a-HCH by inhalation, oral, or dermal
routes were located. Information on immune effects of f-HCH includes a report of decreased lympho-
proliferative responses to mitogens in mice exposed via diet for 30 days (Cornacoff et al. 1988) and a
report of thymic and splenic histopathology changes (atrophy of the thymus and depletion of splenic
lymphoid tissue) in rats at doses associated with humane sacrifice due to moribund condition (Van Velsen
et al. 1986). Suppression of the immune system has been demonstrated in a small number of acute- and
intermediate-duration studies of y-HCH administered orally to rats, mice, rabbits, and sheep. Effects seen
in these studies include reduced delayed-type hypersensitivity response (Khurana et al. 1999; Mediratta et
al. 2008) and decreased antibody titers in response to antigens (Banerjee et al. 1996; Desi et al. 1978;
Dewan et al. 1980; Koner et al. 1998; Meera et al. 1992). Decreased spleen and thymus weights and
histopathology changes in the thymus, lymph nodes, and spleen have also been seen in animals exposed

to y-HCH (Hong and Boorman 1993; Meera et al. 1992).

Neurological Effects. The available epidemiological data on neurological effects of HCH isomers are
generally inadequate for hazard identification, but case reports support a relationship between oral and
dermal exposure to y-HCH and seizures or convulsions in humans of all ages (Aks et al. 1995; Boffa et al.
1995; CDC 2005; Davies et al. 1983; Fischer 1994; Forrester et al. 2004; Hall and Hall 1999; Harris et al.
1969; Lee and Groth 1977; Lifshitz and Gavrilov 2002; Matsuoka 1981; Munk and Nantel 1977; Nordt
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and Chew 2000; Powell 1980; Ramabhatta et al. 2014; Ramchander et al. 1991; Solomon et al. 1995;
Starr and Clifford 1972; Storen 1955; Sudakin 2007; Wheeler 1977; Telch and Jarvis 1982; Tenenbein
1991; Wiles et al. 2015). Information on neurotoxicity of a-HCH in animals is limited to a single study
showing no effect on nerve conduction velocity in rats exposed for 30 days (Muller et al. 1981). In
addition, few data on this endpoint are available for -HCH. Studies include reports of clinical signs of
neurotoxicity after acute durations (ataxia and hypoactivity progressing in some cases to coma)
(Cornacoff et al. 1988; Van Velsen et al. 1986) and reduced nerve conduction velocity in the tail of rats in

the isomer comparison study by Muller et al. (1981).

Neurological effects have been observed in rats and/or mice exposed to y-HCH by inhalation, oral, and
dermal exposure routes. Inhalation exposure of rats for acute durations resulted in central nervous system
depression or restlessness, excitation, and ataxia, with spasms observed at higher concentrations (Oldiges
et al. 1980; Ullmann 1986b). In rats exposed by gavage or dietary administration of y-HCH, seizures and
convulsions have been observed (Amyes 1990; EPA 1999a; Fitzhugh et al. 1950; Gilbert and Mack 1995;
Johri et al. 2008; Joy et al. 1982; Martinez and Martinez-Conde 1995; Martinez et al. 1991; Matsuura et
al. 2005; Parmar et al. 2003; Tusell et al. 1988; Vendrell et al. 1992a, 1992b; Woolley and Griffith 1989).
Altered neurotransmitter levels in the brain were noted in rats exposed orally for acute or intermediate
durations (Attia et al. 1991; Martinez and Martinez-Conde 1995). Clinical signs of toxicity in orally-
dosed rats have included decreased motor activity, decreased grooming behavior, increased rearing,
altered gait, and hypersensitivity to touch (EPA 1999a, 1999b). Effects on motor activity, anxiety,
cognition, and memory were demonstrated in neurobehavioral testing of rats after acute- and
intermediate-duration oral exposures to y-HCH (Desi 1974; EPA 1999a; Llorens et al. 1990; Sahaya et al.
2007; Srivastava et al. 2019; Tilson et al. 1987); in one study, the behavioral changes were accompanied
by ultrastructural changes in the hippocampus and substantia nigra of the rats (Srivastava et al. 2019).
Clinical signs of neurotoxicity, including seizures, convulsions, hyperactivity, ataxia, and/or sedation
were reported in rats and rabbits after single or repeated dermal applications of y-HCH (EPA 1988a;
Hanig et al. 1976; Ullmann 1986a).

Cancer. Human epidemiological data provide evidence for an association between exposure to HCH
isomers and non-Hodgkin’s lymphoma (NHL). The strongest evidence is derived from a prospective
cohort study of pesticide applicators in lowa and North Carolina, which showed that NHL incidence
increased with duration and intensity of exposure to y-HCH (Alavanja et al. 2014). A large, pooled case-
control study reported similar findings. Kachuri et al. (2020) pooled data across three population-based,
case-control studies in the United States and Canada (North American Pooled Project). The odds of NHL
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were increased with self-reported exposure to y-HCH in analyses of 1,690 cases and 5,131 controls
(Kachuri et al. 2020). Additional support for the association with NHL comes from a case-control study
nested within three large prospective cohorts in Shanghai and Singapore. Bassig et al. (2020) observed a
positive association between incident NHL and blood levels of B-HCH measured approximately 7 years
prior to diagnosis. Nested case-control studies that reported no association between NHL and blood or
tissue levels of B-HCH (Brauner et al. 2012; Cantor et al. 2003) generally reported lower exposure levels
than the study by Bassig et al. (2020).

Other epidemiological studies reported positive associations between - or y-HCH in blood or qualitative
exposure to -HCH and multiple myeloma, leukemia, colorectal cancer, female breast cancer, prostate
cancer, lung cancer, thyroid cancer, brain cancer, and hepatocellular carcinoma (Arrebola et al. 2015a;
Band et al. 2011; Lee et al. 2018a; Lerro et al. 2021; Ibarluzea et al. 2004; Kumar et al. 2010; Miao et al.
2021; Purdue et al. 2007; Salimi et al. 2023; Waliszewski et al. 2005; Weber et al. 2018; Xu et al. 2010;
Yousefi et al. 2022; Zhao et al. 2012). However, the evidence for an association between HCH isomer

exposure and these cancer types is much weaker than that for NHL.

Studies in rats and mice exposed to a-, -, y-, and technical HCH by dietary administration have shown
increased incidences of liver tumors (Bhatt and Bano 2009; Bhatt and Nagda 2012; Hanada et al. 1973;
Ito et al. 1973, 1975, 1976; Karnik et al. 1981; Kashyap et al. 1979; Munir et al. 1983; Nagasaki et al.
1975; NCI 1977; Thakore et al. 1981; Thorpe and Walker 1973; Trivedi et al. 2007, 2009; Tryphonas and
Iverson 1983; Tsukada et al. 1979; Wolff et al. 1987). In addition, chronic dermal exposure to technical-
grade HCH resulted in liver tumors in mice (Kashyap et al. 1979). y-HCH has been reported to induce
increased incidences of bronchiolar-alveolar adenomas and carcinomas in female mice exposed via diet

(EPA 2000a; Wolff et al. 1987).

The EPA (IRIS 1987a) listed a-HCH as a probable human carcinogen based on sufficient evidence of
carcinogenicity in animals and inadequate data in humans. The Integrated Risk Information System (IRIS
1987b) listed B-HCH as a possible human carcinogen based on evidence for benign liver tumors in
exposed mice and inadequate data in humans. Data on 8-HCH were considered inadequate to classify the
potential human carcinogenicity (IRIS 1987d). Although the IRIS (1987c) program did not evaluate the
carcinogenicity of y-HCH, EPA’s Office of Pesticide Programs (EPA 2001, 2002) classified y-HCH into
the category “suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic
potential.” The Department of Health and Human Services (HHS) National Toxicology Program (NTP)

determined that y-HCH and other HCH isomers may reasonably be anticipated to cause cancer in humans
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(NTP 2021). In 2018, the International Agency for Research on Cancer (IARC) determined that there
was sufficient evidence in both humans and animals for the carcinogenicity of y-HCH, assigning it to

Group 1 (carcinogenic to humans). IARC (2018) concluded that y-HCH causes NHL in humans.

1.3 MINIMAL RISK LEVELS (MRLs)

a-HCH. The inhalation database was considered inadequate for derivation of acute-, intermediate-, or
chronic-duration inhalation MRLs for a-HCH. The oral database for a-HCH was considered inadequate
for derivation of an acute-duration oral MRL, but data were adequate for derivation of intermediate- and
chronic-duration oral MRLs. As shown in Figure 1-6, hepatic effects are the most sensitive targets of

toxicity in animals exposed orally to o-HCH.

p-HCH. The inhalation database was considered inadequate for derivation of acute-, intermediate-, or
chronic-duration inhalation MRLs for B-HCH. The oral database for B-HCH was considered adequate for
derivation of acute- and intermediate-duration oral MRLs, but not for a chronic-duration oral MRL. As
shown in Figure 1-7, neurological and hepatic effects are the most sensitive targets of toxicity in animals

exposed orally to f-HCH.

y-HCH (Lindane). The inhalation database was considered inadequate for derivation of acute-,
intermediate-, or chronic-duration inhalation MRLs for y-HCH. Figure 1-8 shows that death and renal
and gastrointestinal effects were seen at the lowest concentrations of y-HCH in available inhalation
studies. The oral database for y-HCH was considered adequate for derivation of acute- and intermediate-
duration oral MRLs, but not for a chronic-duration oral MRL. As shown in Figure 1-9, developmental

and immune system effects are the most sensitive targets of toxicity in animals exposed orally to y-HCH.

0-HCH. The inhalation and oral databases were considered inadequate for derivation of acute-,

intermediate-, or chronic-duration inhalation or oral MRLs for 6-HCH.

Technical HCH or Unspecified Isomers of HCH. MRLs were not derived for technical-grade HCH due
to the wide variation in isomer composition of technical HCH. Figure 1-10 shows the sensitive targets in

studies of technical-grade HCH or unspecified HCH isomers.
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Figure 1-6. Summary of Sensitive Targets of a-Hexachlorocyclohexane (a-HCH) —
Oral

Available data indicate that the liver, and liver cancers, are the most sensitive targets of a-HCH
oral exposure.
Numbers in circles are the lowest LOAELSs for all health effects in animals; no human data were identified.
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Figure 1-7. Summary of Sensitive Targets of B-Hexachlorocyclohexane (B-HCH) —
Oral

Available data indicate that the liver is the most sensitive target of 3-HCH oral exposure.
Numbers in circles are the lowest LOAELSs for all health effects in animals.
No reliable dose-response data were available for humans.
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Figure 1-8. Summary of Sensitive Targets of y-Hexachlorocyclohexane (y-HCH) —

Inhalation

Available data indicate that the kidney is the most sensitive target of y-HCH inhalation exposure.
Numbers in circles are the lowest LOAELSs for all health effects in animals; no human data were identified.
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Figure 1-9. Summary of Sensitive Targets of y-Hexachlorocyclohexane (y-HCH) —

Available data indicate that the developing organism is the most sensitive target of y-HCH oral

Oral

exposure.

Numbers in circles are the lowest LOAELSs for all health effects in animals; no human data were identified.
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Figure 1-10. Summary of Sensitive Targets of Technical-Hexachlorocyclohexane
(technical-HCH) — Oral

Available data indicate that the central nervous system is the most sensitive target of technical-
HCH oral exposure.
Numbers in circles are the lowest LOAELSs for all health effects in animals; no human data were identified.
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The MRL values for a-HCH, B-HCH, and y-HCH are summarized in Tables 1-1, 1-2, and 1-3,

respectively, and discussed in greater detail in Appendix A.
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Table 1-1. Minimal Risk Levels (MRLs) for a-Hexachlorocyclohexane?

Uncertainty/
Exposure Exposure modifying
route duration MRL Critical effect POD type |POD value |factor Reference
Inhalation No inhalation MRLs were derived for any duration.
Oral Acute None - - - - -
Intermediate | 0.002 mg/kg/day Increased liver weight and | NOAEL 2 mg/kg/day UF: 100 Sumida et al.
histopathology MF: 10 2007
Chronic 9x10-4 mg/kg/day Increased liver weight and | NOAEL 0.9 mg/kg/day |UF: 100 Fitzhugh et al.
histopathology MF: 10 1950

aSee Appendix A for additional information.

MF = modifying factor; NOAEL = no-observed-adverse-effect level; POD = point of departure; UF = uncertainty factor

Table 1-2. Minimal Risk Levels (MRLs) for B-Hexachlorocyclohexane?

Exposure | Exposure Uncertainty/
route duration MRL Critical effect POD type |POD value modifying factor | Reference
Inhalation |No inhalation MRLs were derived for any duration.
Oral Acute 0.08 mg/kg/day Clinical signs of neurotoxicity NOAEL 8 mg/kg/day UF: 100 Van Velsen
(ataxia, inactivity) at higher doses et al. 1986
Intermediate |6x10* mg/kg/day |Hyalinization of centrilobular liver |LOAEL 0.18 mg/kg/day |UF: 300 Van Velsen
cells et al. 1986

Chronic

None -

aSee Appendix A for additional information.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; POD = point of departure; UF = uncertainty factor



HEXACHLOROCYCLOHEXANE (HCH) 18
1. RELEVANCE TO PUBLIC HEALTH
Table 1-3. Minimal Risk Levels (MRLs) for y-Hexachlorocyclohexane?
Uncertainty/

Exposure | Exposure modifying

route duration MRL Critical effect POD type POD value factor Reference

Inhalation |No inhalation MRLs were derived for any duration.

Oral Acute 0.003 mg/kg/day |Reduced reproductive organ LOAEL 1 mg/kg/day UF: 300 Dalsenter
weights, sperm numbers, serum etal. 1997b
testosterone, and increased
intromission frequency in male
offspring

Intermediate |8x107 mg/kg/day |Cardiac effects in offspring NOAEL 7.6x10% mg/kg/day | UF: 100 Sauviat et
al. 2005
Chronic None - - - - -

aSee Appendix A for additional information.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; POD = point of departure; UF = uncertainty factor
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CHAPTER 2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of HCH. It contains
descriptions and evaluations of toxicological studies and epidemiological investigations and provides
conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health. When
available, mechanisms of action are discussed along with the health effects data; toxicokinetic

mechanistic data are discussed in Section 3.1.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

To help public health professionals and others address the needs of persons living or working near hazardous
waste sites, the information in this section is organized by health effect. These data are discussed in terms of
route of exposure (inhalation, oral, and dermal) and three exposure periods: acute (<14 days), intermediate

(15-364 days), and chronic (>365 days).

As discussed in Appendix B, a literature search was conducted to identify relevant studies examining health
effect endpoints. Figures 2-1, 2-2, and 2-3 provide an overview of the database of studies in humans or
experimental animals for a-, f-, and y-HCH included in this chapter of the profile. These studies evaluate
the potential health effects associated with inhalation, oral, or dermal exposure to HCH, but may not be
inclusive of the entire body of literature. A systematic review of the scientific evidence of the health effects

associated with exposure to HCH was also conducted; the results of this review are presented in Appendix C.

Tabulated human studies of specific health endpoints are presented in the corresponding subsections of
this Chapter. Animal inhalation studies of y-HCH are presented in Table 2-1 and Figure 2-5. There were
no inhalation studies of other HCH isomers or mixtures of isomers. Animal oral studies are presented in
Table 2-2 and Figure 2-6 (a-HCH), Table 2-3 and Figure 2-7 (3-HCH), Table 2-4 and Figure 2-8
(y-HCH), and Table 2-5 and Figure 2-9 (3-HCH and technical-grade HCH or unspecified isomers).
Animal dermal studies are presented in Table 2-6 (y-HCH) and Table 2-7 (technical-grade or unspecified

isomers). There were no dermal studies of other HCH isomers.
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Levels of significant exposure (LSEs) for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-
observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies.
Effects have been classified into “less serious LOAELs” or “serious LOAELs (SLOAELSs).” "Serious"
effects (SLOAELSs) are those that evoke failure in a biological system and can lead to morbidity or
mortality (e.g., acute respiratory distress or death). "Less serious" effects are those that are not expected
to cause significant dysfunction or death, or those whose significance to the organism is not entirely clear.
ATSDR acknowledges that a considerable amount of judgment may be required in establishing whether
an endpoint should be classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in
some cases, there will be insufficient data to decide whether the effect is indicative of significant
dysfunction. However, the Agency has established guidelines and policies that are used to classify these
endpoints (ATSDR 2018). ATSDR believes that there is sufficient merit in this approach to warrant an
attempt at distinguishing between "less serious" and "serious" effects. The distinction between "less
serious" effects and "serious" effects is considered to be important because it helps the users of the
profiles to identify levels of exposure at which major health effects start to appear. LOAELs or NOAELSs
should also help in determining whether or not the effects vary with dose and/or duration, and place into
perspective the possible significance of these effects to human health. Levels of oral exposure associated
with cancer (Cancer Effect Levels, CELs) of HCH are indicated in Tables 2-2 through 2-5 and

Figures 2-6 through 2-9.

A User's Guide has been provided at the end of this profile (see Appendix D). This guide should aid in
the interpretation of the tables and figures for LSEs and MRLs.

The discussion of the available data for health effects in this chapter is organized into human and animal
data, with isomer-specific subsections on the animal data provided in the following order: a-HCH,
B-HCH, y-HCH, 6-HCH, and technical-grade and mixtures of HCH isomers. Case reports of effects in
humans are limited to y-HCH and technical-grade HCH and are discussed under the isomer-specific
subsections. If there are no case reports or animal data for a given isomer or for technical grade/mixtures,

there is no corresponding subsection.

Effects of HCH isomers have been evaluated in epidemiological studies and in laboratory animals
exposed under controlled conditions. Most of the human epidemiological studies used measures of HCH
isomers in blood or tissues to assess exposure, so the route is unknown; for the purpose of enumerations,

these studies are considered to reflect oral exposure (e.g., through contaminated food). In addition, there
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are several case reports of health effects in humans exposed by inhalation, oral, or dermal exposure to y-
HCH. The human data were not considered adequate for identification of sensitive target organs for any

of the HCH isomers or mixtures.

As shown in Figure 2-1 (a-HCH), there were a small number of human studies examining a handful of
endpoints; the largest number of studies were devoted to developmental endpoints. There were no
inhalation or dermal animal studies of a-HCH, and few oral studies. The available animal studies
primarily examined liver effects and cancer. Animal studies suggest that hepatic effects are a sensitive

target of a-HCH toxicity.

o Hepatic endpoints: Hepatic toxicity is a presumed health effect for humans based on a high
evidence level in animals showing increased liver weight and histopathological lesions after oral
exposure to a-HCH. No information was located on hepatic effects in humans exposed to
a-HCH.

Figure 2-2 provides an overview of the health effects data for -HCH. For this isomer, human studies
examined a wide range of outcomes, with more studies of endocrine endpoints (thyroid hormone levels)
developmental outcomes, other noncancer endpoints (diabetes and metabolic perturbations), and cancer
than other outcomes. Animal studies are limited to oral exposures, and the endpoints examined were
largely focused on liver, kidney, body weight, nervous system, and cancer. Animal studies suggest that
neurological and hepatic effects are sensitive targets of B-HCH toxicity after acute-duration exposures and

intermediate- or chronic-duration exposures, respectively.

¢ Neurological endpoints: Neurotoxicity is a presumed health effect in humans based on human
and animal studies. There is a moderate level of evidence in humans suggesting associations
between serum B-HCH and risk of Parkinson disease, Alzheimer’s disease, and cognitive deficits.
There is a high level of evidence in animal studies of oral exposure showing clinical signs of
neurotoxicity in rats and mice after acute durations and reduced nerve conduction velocity in rats
after an intermediate duration. Clinical signs showed a dose-related increase in severity.

Hepatic endpoints: Hepatic toxicity is a presumed health effect for humans based on a high
level of evidence in animals showing increased liver weight and histopathology changes in rats
and mice exposed by dietary administration for intermediate and chronic durations. In humans,
there is a very low level of evidence for a minimal liver toxicity based on two cross-sectional
studies reporting no association between serum or adipose levels of B-HCH and hepatic clinical
chemistry endpoints except for increased serum bilirubin.

An overview of health effects data for y-HCH is presented in Figure 2-3. Most of the human studies
evaluated developmental, reproductive, renal, endocrine, or cancer endpoints. Studies of occupational

exposure via pesticide application are considered to reflect primarily inhalation exposure. Most of the
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animal studies used oral administration, and the available studies examined comprehensive noncancer and
cancer endpoints. The effects seen at the lowest doses in the animal studies were developmental and
immune system effects. Animal studies suggest that developmental and immune system effects are
sensitive targets of y-HCH toxicity after acute-duration exposures (developmental) and intermediate-
duration exposures (developmental and immune system). Available studies of chronic-duration oral
exposure to y-HCH were limited and identified effects on other systems (hepatic and renal) at much
higher doses than those associated with developmental and immune system effects in acute- and

intermediate-duration exposure studies.

e Developmental endpoints: Developmental toxicity is a presumed health effect in humans based
on human and animal evidence. There is a low level of evidence in humans based on associations
between y-HCH in maternal or fetal blood (or tissue) and fetal growth retardation, preterm birth,
and cryptorchidism or hypospadias. There is a high level of evidence in animals based on studies
in a variety of species exposed orally to y-HCH for acute or intermediate durations during
gestation or postnatal development demonstrating adverse effects on a wide range of
developmental endpoints, including birth outcomes and development of the male and female
reproductive tracts, central nervous system, heart, thymus, and spleen.

e Immune system endpoints: Immunotoxicity is a presumed health effect in humans based
primarily on animal evidence. There is a low level of evidence in humans based on an observed
association between asthma and plasma levels of y-HCH in children and no evidence for
increased prevalence of monoclonal gammopathy of undetermined significance in male pesticide
applicators. There is a high level of evidence in animals based on acute- and intermediate-
duration studies of y-HCH administered orally to rats, mice, rabbits, and sheep showing
suppression of the immune system and effects on thymus, spleen, and lymph node weights or
histology.

Figure 2-4 shows the limited health effects data available for 3-HCH and unspecified HCHs. The human
studies primarily evaluated other noncancer, developmental, reproductive, and neurological endpoints.
The small number of animal studies used oral or dermal administration and were focused on hepatic and

cancer endpoints. Data were not adequate to identify sensitive targets of 3-HCH.



HEXACHLOROCYCLOHEXANE (HCH)

2. HEALTH EFFECTS

Figure 2-1. Overview of the Number of Studies Examining a-Hexachlorocyclohexane (a-HCH) Health Effects*

Most studies examined the potential body weight, hepatic, and cancer effects of a-HCH
Fewer studies evaluated health effects in humans than (counts represent studies examining endpoint)
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*Includes studies discussed in Chapter 2. A total of 40 studies (including those finding no effect) have examined toxicity; most studies examined multiple
endpoints. Human studies of unknown route and/or duration were classified as chronic oral studies for the purpose of this figure.
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Figure 2-2. Overview of the Number of Studies Examining B-Hexachlorocyclohexane (B-HCH) Health Effects*
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*Includes studies discussed in Chapter 2. A total of 41 studies (including those finding no effect) have examined toxicity; most studies examined multiple
endpoints. Human studies of unknown route and/or duration were classified as chronic oral studies for the purpose of this figure.
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Figure 2-3. Overview of the Number of Studies Examining y-Hexachlorocyclohexane (y-HCH) Health Effects*

Most studies examined the potential body weight, hepatic, and neurological effects of y-HCH
Fewer studies evaluated health effects in humans thangmg (counts represent studies examining endpoint)
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*Includes studies discussed in Chapter 2. A total of 158 studies (including those finding no effect) have examined toxicity; most studies examined multiple
endpoints. Human studies of unknown route and/or duration were classified as chronic oral studies for the purpose of this figure.
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Figure 2-4. Overview of the Number of Studies Examining 6-Hexachlorocyclohexane (6-HCH) and Unspecified
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*Includes studies discussed in Chapter 2. A total of 16 studies (including those finding no effect) have examined toxicity; most studies examined multiple
endpoints. Human studies of unknown route and/or duration were classified as chronic oral studies for the purpose of this figure.
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Table 2-1. Levels of Significant Exposure to y-Hexachlorocyclohexane — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/m3) monitored Endpoint (mg/m3) (mg/m?3) (mg/m?)  Effects

ACUTE EXPOSURE
Oldiges et al. 1980

1 Rat 4 hours 0,273,603 LE, CS, GN, Bd wt 603 F Body weight loss in females
(Wistar) ow during first week of observation
SM,5F Neuro 273 603 LOAEL: clinical signs of

restlessness, hyperactivity
Serious LOAEL: marked

somnolence
Ulimann 1986b
2 Rat 4 hours 0, 101, 378, LE, CS, BW, Death 378 20% of rats died (LCso:
(Wistar) 642,2,104 GN 1,560 mg/m?3)
5SM,5F Neuro 101 Clinical signs (sedation, curved

body position)

Klonne and Kintigh 1988

3 Mouse 1 week 0,0.3,1,5, LE,CS Death 10 12/45 females and 2/45 males
(CD-1) 5 days/week 10 died during first week of 13-week
45 M, 45 F 6 hours/day study

INTERMEDIATE EXPOSURE
Oldiges et al. 1983

4 Rat 90 days 0,0.02, 0.1, LE, CS, BW, Bd wt 5
(Wistar) 7 days/week 0.5,5 FI, WI, HE, Resp 5
12 M, 12 F 6 hours/day UR, OW, HP .
Cardio 5
Gastro 0.5 5 Diarrhea
Hemato 0.5 5 Bone marrow myelogram
changes (increased
reticulocytes, stem cells and
myeloblasts; decreased
lymphocytes)
Hepatic 5
Renal 5F 0.5M Dilated tubules with protein-
containing contents; proliferated
tubules

Endocr 5
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Table 2-1. Levels of Significant Exposure to y-Hexachlorocyclohexane — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/m3) monitored Endpoint (mg/m3) (mg/m?3) (mg/m?)  Effects
Neuro 5
Repro 5
Klonne and Kintigh 1988
5 Mouse 14 weeks 0,0.3,1.0, 5 LE, CS, BW, Death 1 1/45 males and 1/45 females
(CD-1) 5 days/week FI, WI, HE, died at 1 mg/m?3; 5/45 males and
45 M, 45 F 6 hours/day BC, UR, 15/45 females died at 5 mg/m?®
GN,OW,  Bdwt 5
HP Resp 5
Cardio 5
Gastro 5
Hemato 5
Hepatic 5
Renal 5
Endocr 5
Repro 5 No histopathology changes in

reproductive organs

aThe number corresponds to entries in Figure 2-5; differences in levels of health effects and cancer effects between male and females are not indicated in
Figure 2-5. Where such differences exist, only the levels of effect for the most sensitive sex are presented.

BC = serum (blood) chemistry; Bd wt or BW = body weight; Cardio = cardiovascular; CS = clinical signs; Endocr = endocrine; F = female(s); FI = food intake;
Gastro = gastrointestinal; GN = gross necropsy; HE = hematology; Hemato = hematological; LE = lethality; LOAEL = lowest-observed-adverse-effect level;

M = male(s); Neuro = neurological; NOAEL = no-observed-adverse-effect level; OW = organ weight; Repro = reproductive; Resp = respiratory; UR = urinalysis;
WI = water intake
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Figure 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane (Lindane) — Inhalation
Intermediate (15—-364 days)
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Table 2-2. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral

Species

Figure (strain)

key?2

No./group parameters

Exposure

Doses

Parameters

(mg/kg/day) monitored

NOAEL

Less
serious
LOAEL

Serious
LOAEL

Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

ACUTE EXPOSURE

Sumida et al. 2007

1 Rat 1,3,7,0r 0,2,20 BW, BC, OW Bd wt 20
(Fischer- 14 d Hepatic 2 20 24% increase in relative liver
344) (GO) weight
4 M
INTERMEDIATE EXPOSURE
Fitzhugh et al. 1950
2 Rat 6-9 months Males: 0,60 LE, BW, Fl, Death 60 M Mean survival was
(Wistar)  (F) Females: 0, GN, OW, HP 70 F 35.9 weeks versus
10F,10M 70 58.3 weeks in controls
Bd wt 60 M 11-15% decrease in body
70F weight gain
Resp 60 M
70F
Cardio 60 M
70F
Gastro 60 M
70F
Hemato 60 M
70F
Musc/skel 60 M
70F
Hepatic 60 M Moderate histopathology
70F changes (focal necrosis,
fatty degeneration); >2-fold
increase in liver weight
Renal 60 M Slight to moderate
70 F histopathology changes

including tubular dilatation,
hyaline tubular casts,
glomerular fibrosis or
atrophy, pigment deposition
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Table 2-2. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Endo 60 M
70F
Repro 60 M
70F
Ito et al. 1975
3 Rat 48 weeks 0, 35,70 BW, OW, HP Hepatic 35 Hepatocellular hypertrophy
(W strain) (F) Cancer 70 CEL.: liver tumors after
18-24 M 48 weeks
Muller et al. 1981
4 Rat 30 days 0,5.1,54.2, NX Neuro 106.2 No reduction in motor
(Wistar)  (F) 106.2 conduction velocity
15M
Nagasaki et al. 1975
5 Rat 24 weeks 0,45 BW, OW, HP Bd wt 45 15% decrease in terminal
(Wistar) (F) body weight
8 M Hepatic 45 Mild hypertrophy; ~2-fold
increase in absolute and
relative liver weight
Sumida et al. 2007
6 Rat 28 days 0,2,20 BW, BC, Bd wt 20
(Fischer-  (GO) OW, HP Hepatic  2° 20 Increased relative liver
344) weight (25%); centrilobular
4M hepatocellular hypertrophy
Hanada et al. 1973
7 Mouse 32 weeks M: 0, 18, 54, BC, GN, HP Cancer 18 M CEL: hepatoma
(dd) (F) 108 F: 0, 20, 60 F

1011 M, 60, 120
10-11 F
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Table 2-2. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL

key?2 No./group parameters (mg/kg/day) monitored

Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Ito et al. 1973
8 Mouse 24 weeks 0,18, 45,90 BW, OW, Bd wt 90
(dd) (F) GN, HP
20-40M
Hepatic 18 Increased relative liver
weight (33%); hepatocellular
hypertrophy
Cancer 45 CEL: hepatocellular
carcinoma
Ito et al. 1976
9 Mouse 16-36 weeks 0, 90 BW, OW, HP Cancer 90 CEL: hepatocellular
(DDY) (F) carcinoma
13-20 M
Nagasaki et al. 1975
10 Mouse 24 weeks Males: 0,90 BW, OW, HP Bd wt 90 M 17% decrease in terminal
(DDY, (F) Females: 0, body weight of male
ICR, 100 C57BL/6 mice
DBA/2, Hepatic 90 M Parenchymal cell
C57BL/6, 100 F hypertrophy, bile duct
C3H/He) proliferation, oval cells;
20M, 20 F nodular hyperplasia; 2-fold
increase in liver weight
Cancer 90 M CEL: hepatocellular
100 F carcinomas
Tryphonas and Iverson 1983
11 Mouse 50 weeks 0,90 BW, GN, Hepatic 90 Hepatomegaly;
(HPB) (F) Oow, HP megalocytosis
7SM Cancer 90 CEL: neoplastic nodules of
the liver after 21 weeks
Tsukada et al. 1979
12 Mouse 16—-36 weeks 0, 90 GN HP Cancer 90 CEL: hepatomas after
(DD) (F) 28 weeks

6 M
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Table 2-2. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL

key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Nagasaki et al. 1975

13 Hamster 24 weeks 0,45 BW, OW, HP Bd wt 45 14% decrease in terminal
(Golden  (F) body weight
Syrian) Hepatic 45 20-38% increase in liver
6-10 M

weight; liver cell hypertrophy

CHRONIC EXPOSURE
Fitzhugh et al. 1950

14 Rat 107 weeks M:0,0.7,4,7 LE, BW, FI, Resp 9F
(Wistar)  (F) F:0,0.9,4,9 GN, OW, HP 7™
10F, 10 M
Cardio 9F
7™
Gastro 9F
7™
Hemato 9F
7™
Musc/skel 9 F
7™
Hepatic 0.7 M 4 32% increase in relative liver
0.9°F weight and very slight to
slight microscopic damage
Renal 9F
7™
Endo 9F
7™
Repro 9F

7™M




HEXACHLOROCYCLOHEXANE (HCH) 35
2. HEALTH EFFECTS

Table 2-2. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL

key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Ito et al. 1975

15 Rat 72 weeks 0, 70, 105 BW, OW, HP Cancer 70 CEL: hepatocellular
(W strain) (F) carcinoma
18-24 M

aThe number corresponds to entries in Figure 2-6; differences in levels of health effects and cancer effects between male and females are not indicated in

Figure 2-6. Where such differences exist, only the levels of effect for the most sensitive sex are presented.

bUsed to derive an intermediate-duration oral minimal risk level (MRL). The NOAEL of 2 mg/kg/day was divided by an uncertainty factor of 100 (10 for human
variability and 10 for animal to human extrapolation) and a modifying factor of 10 (for lack of data on developmental toxicity, immunotoxicity, and neurotoxicity),
resulting in an MRL of 0.002 mg/kg/day (2x10-® mg/kg/day).

®Used to derive a chronic-duration oral MRL. The NOAEL of 0.9 mg/kg/day was divided by an uncertainty factor of 100 (10 for human variability and 10 for animal
to human extrapolation) and a modifying factor of 10 (for lack of data on immunotoxicity and neurotoxicity), resulting in an MRL of 0.0009 mg/kg/day

(9x10* mg/kg/day).

BC = serum (blood) chemistry; Bd wt or BW = body weight; CEL = cancer effect level; (F) = feed; F = female(s); FI = food intake; GN = gross necropsy;
(GO) = gavage in oil; HP = histopathology; LE = lethality; LOAEL = lowest-observed-adverse-effect level; M = male(s); Musc/skel = muscular/skeletal;
Neuro = neurological; NOAEL = no-observed-adverse-effect level; NX = neurotoxicity; OW = organ weight; (W) = drinking water
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Figure 2-6. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral
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Figure 2-6. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral
Intermediate (15-364 days)
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Figure 2-6. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral
Intermediate (15-364 days)
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Figure 2-6. Levels of Significant Exposure to a-Hexachlorocyclohexane — Oral
Chronic (=365 days)
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Table 2-3. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

ACUTE EXPOSURE

Srinivasan et al. 1984

1 Rat 2 weeks 0,72 BW, BC, UR, Renal 72 Tubular degeneration,
(Wistar)  (F) HP distention of glomeruli,
6M swelling of tubular epithelia,

22% increase in kidney
weight, glucosuria,
increased urinary excretion
of urea and creatinine,
decreased excretion of

protein
Van Velsen et al. 1986
2 Rat 2 weeks 0, 8,38 CS Neuro 8° 38 Ataxia, hypoactivity
(Wistar)  (F)
10F, 10 M
Cornacoff et al. 1988
3 Mouse 1 weeks 0, 20, 60, 200 CS Death 200 Lateral recumbency leading
(B6C3F1) (F) to humane sacrifice in 80%
6 F of mice
Neuro 20 60 Ataxia resolving within a few
days
INTERMEDIATE EXPOSURE
Fitzhugh et al. 1950
4 Rat 10 weeks Males: 0,60 LE, BW, FI, Death 70F All animals died by
(Wistar)  (F) Females: 0, GN, OW, HP 60 M 10 weeks of exposure;
10F,10 M 70 mean age at death was
4.4 weeks
Resp 70F
60 M
Cardio 70F
60 M
Gastro 70F

60 M
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Table 2-3. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Hemato 70F
60 M
Musc/skel 70F
60 M
Hepatic 70 F Moderate to marked liver
60 M damage including fatty
degeneration and focal
necrosis
Renal 70 F Very slight nephritis; basal
60 M vacuolation
Endo 70 F
60 M
Repro 70F
60 M
Fitzhugh et al. 1950
5 Rat 6 months M:0,7F: 0,9 BW Bd wt 7™ 9F 11% decrease in body
(Wistar)  (F) weight gain among females
10M,10F
Ito et al. 1975
6 Rat 48 weeks 0,35,70 BW, OW, HP Hepatic 35 Hepatocellular hypertrophy
(W strain) (F)
18-24 M
Muller et al. 1981
7 Rat 30 days 0, 66.3, 270.6 NX Neuro 66.3 Reduced tail nerve
(Wistar)  (F) conduction velocity
15M
Srinivasan et al. 1991
8 Rat GDs 0-21 0,5, 20,40, DX Death 80 None of the dams survived
(Wistar)  (F) 80 3 weeks of treatment
6F
Develop 5 20 48% pup mortality before

PND 5
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Table 2-3. Levels of Significant Exposure to -Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Srinivasan et al. 1991
9 Rat GDs 0-21 0,5,25 RX, DX Develop 5 25 LOAEL: increased liver
(Wistar) and LDs 1- weight in pups at 28 days of
6 F 28 or LDs 1- age
28 only (F) Serious LOAEL: 100%
mortality before PND 5 in
pups exposed in utero
Van Velsen et al. 1986
10 Rat 13 weeks Males: 0, CS,BWFI, Death 225 M 50% of animals were
(Wistar)  (F) 0.18, 0.9, 4.5, HE, BC, BI, 25F moribund and sacrificed
10F,10 M 22.5 oW, HP humanely
Females: 0, Bd wt 5F 25F 210% decrease in body
0.2,1.0,5,25 45M 225 M weight
Hemato 5F 25F Decreased red blood cells,
4.5M 225M leukocytes, and hemoglobin
concentrations
Hepatic ND M 0.18°M Hyalinization of centrilobular
1F 5F cells in males; increased
mitoses in females
Renal 45M 225M Renal medullary calcinosis
Endo 5F 25F Adrenal cortical hypertrophy
45M 22.5M
Immuno 5F 25F Depletion of splenic
45M 22.5M lymphoid tissue; thymic
cortical atrophy
Repro 5F 25F Atrophy of testes and
4.5M 225 M ovaries
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Table 2-3. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Cornacoff et al. 1988

11 Mouse 30 days 0, 20, 60 CS, BW, HE, Bd wt 60
(B6C3F1) (F) OW, HP, NX
6F
Immuno 20 60 Decreased

lymphoproliferative
responses to T-cell
mitogens, decreased natural
killer cell activity

Repro 60 No changes in ovarian or
uterine histology

Hanada et al. 1973

12 Mouse 32 weeks Males: 0, 20, GN, HP Hepatic 20 60 F Nuclear irregularities in foci
(dd) (F) 50, 100 50 M of enlarged hepatocytes
10-11 M, Females: 0,
10-11 F 20, 60, 100

Ito et al. 1973

13 Mouse 24 weeks 0, 18,45,90 BW, OW, HP Bd wt 90
(dd) (F) Hepatic 18 18% increase in relative liver
20-40M weight with histopathology

changes (liver cell
hypertrophy) at higher doses

Thorpe and Walker 1973

14 Mouse 3 months 0, 34 LE Death 34 12% of males and 25% of
CF1 (F) females died during the first
30M,30F 3 months of a chronic study
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Table 2-3. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
CHRONIC EXPOSURE
Fitzhugh et al. 1950
15 Rat 107 weeks M:0,0.7,7 LE,BW,FI, Resp ™
(Wistar)  (F) F:0,0.9,9 GN, OW, HP 9F
10F, 10M Cardio 7M
9F
Gastro 7™
9F
Hemato 7™
9F
Musc/skel ™™
9F
Hepatic 0.7M 34% increase in relative liver
09F weight; very slight
histopathology changes
Renal 7™
9F
Endo 7™
9F
Repro 0.7M ™ Slight testicular atrophy

9F
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Table 2-3. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Thorpe and Walker 1973

16 Mouse 104 weeks 0, 34 CS, GN, HP Cancer 34 CEL: liver tumors in males;
(CF1) (F) unspecified tumors in
30M,30F females.

aThe number corresponds to entries in Figure 2-7; differences in levels of health effects and cancer effects between male and females are not indicated in

Figure 2-7. Where such differences exist, only the levels of effect for the most sensitive sex are presented.

bUsed to derive an acute-duration oral minimal risk level (MRL). The NOAEL of 8 mg/kg/day was divided by an uncertainty factor of 100 (10 for human variability and
10 for animal to human extrapolation) resulting in an MRL of 0.08 mg/kg/day (8x10-2 mg/kg/day).

°Used to derive an intermediate-duration oral MRL. The LOAEL of 0.18 mg/kg/day was divided by an uncertainty factor of 300 (10 for human variability, 10 for animal
to human extrapolation, and 3 for use of a minimal LOAEL) resulting in an MRL of 0.0006 mg/kg/day (6x10-* mg/kg/day).

Bd wt or BW = body weight; CEL = cancer effect level; CS = clinical signs; Develop = developmental; DX = developmental toxicity; Endocr = endocrine; (F) = feed;

F = female(s); FI = food intake; GD = gestation day; GN = gross necropsy; Hemato = hematological; HP = histopathology; Immuno = immunological; LD = lactation
day; LOAEL = lowest-observed-adverse-effect level; M = male(s); Musc/skel = muscular/skeletal; ND = not determined; Neuro = neurological; NOAEL = no-observed-
adverse-effect level; NX = neurotoxicity; OW = organ weight; PND = postnatal day; Repro = reproductive; RX = reproductive toxicity; UR = urinalysis
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Figure 2-7. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral
Intermediate (15—-364 days)
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Figure 2-7. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral
Intermediate (15—-364 days)
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Figure 2-7. Levels of Significant Exposure to B-Hexachlorocyclohexane — Oral
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
ACUTE EXPOSURE
Ali and Shakoori 1998

1 Rat 2 days 0, 30 HP Hepatic 30 Reduced number of cells
(Sprague- (F) per field; increased cell,
Dawley) nucleus, and nucleolus
3-5, NS size; slight cellular

disorganization

Attia et al. 1991

2 Rat 6 days 0,3 Bl Neuro 3 Increased pineal N-acetyl-
(Sprague- (GO) transferase, decreased
Dawley) serotonin levels
9M

Dalsenter et al. 1996

3 Rat 1-5 days 0,6,30 RX Repro 6 Decreased number of
(Wistar) spermatids per epididymis
15M

Dalsenter et al. 1997a

4 Rat GDs 15 0, 30 DX Develop 30 Reduced serum
(Wistar)  once testosterone in adult
15M (GO) offspring

Dalsenter et al. 1997b

5 Rat LD9or14 0,6 CS, BI, OW, Develop 6 In male pups, reduced
(BOR) once HP, NX, RX relative testicular and
9F (GO) epididymis weight (~10%),

spermatid and sperm
counts (~8-10%),
testosterone levels (~30-
50%), Leydig cell numbers,
and spermatogenesis at
maturity, with no effect on
fertility
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Dalsenter et al. 1997b

6 Rat LDs 9-14 0, 1 CS, BIl, OW, Develop e In male pups, reduced
(BOR) (GO) HP, NX, RX relative testicular and
9F epididymis weight (~10%),

spermatid and sperm
counts (~10%), and
testosterone levels (30—
50%) at maturity, with no
effect on fertility

EPA 1999a
7 Rat Once 0, 6, 20, 60 Neuro 6 F 20F 60 M LOAEL: decreased motor
(CD) (G) 20M activity and grooming
10M,10 F behavior, increased
forelimb grip strength in
females
Serious LOAEL: tremors
and convulsions in one
male
Gaines 1960
8 Rat Once NS LE, CS Death 91F LDso
(Sherman) (GO) 88 M LDso
89M,69F
Gilbert 1995
9 Rat 10 days 0,10 CS Neuro 10 Myoclonic jerks and clonic
(Long- 3 days/week seizures
Evans) (GO)
15-16 M
Gilbert and Mack 1995
10 Rat once 0,5,10,20 CS Neuro 5 Myoclonic jerks and single
(Long- (GO) clonic seizure in naive
Evans) animals

14 M
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species

Figure (strain)  Exposure Doses
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day)

Parameters

NOAEL

Less serious Serious
LOAEL LOAEL
(mg/kg/day) (mg/kg/day) Effects

Hfaiedh et al. 2012

11 Rat 3 days 0,5 BC, Bl, HP  Hepatic 5 Fatty degeneration,
(Wistar)  (GO) vacuolation, and necrosis
6 M of the liver

Johri et al. 2008

12 Rat Once 0, 30 CS Neuro 30 Convulsions in 5/10
(Wistar)  (GO) animals
10M

Joy et al. 1982

13 Rat 4 days 0,1,3,10 CS, BwW, Neuro 1 3 10 LOAEL: increased kindling
(Sprague- (GO) BC, OW, acquisition
Dawley) HP, NX Serious LOAEL.: seizures
7-14 M

Khera et al. 1979

14 Rat GDs 6-15 0, 6.25, 12.5, DX Develop 25 No teratogenic effects
(Wistar)  (GO) 25
20F

Llorens et al. 1989

15 Rat Once 0, 10, 15,30 CS, NX Neuro 10 Increased spontaneous
(Wistar)  (GO) motor behavior
9M

Llorens et al. 1990

16 Rat Once 0,20 CS, NX Neuro 20 Increased anxiety
(Wistar)  (GO)
9M

Martinez and Martinez-Conde 1995

17 Rat Once 0,60 CS, NX Neuro 60 Convulsions
(Wistar)  (GO)
8M,8F

Martinez et al. 1991

18 Rat Once 0, 60 LE, CS, NX Death 60 1/7 died
(Wistar) ~ (GO) Neuro 60 Tonic-clonic seizures

™
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Figure (strain)

key?

Species
Exposure
No./group parameters

Doses

Parameters

NOAEL

Less serious Serious
LOAEL

LOAEL

(mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Mediratta et al. 2008

19 Rat 14 days 0,10 IX Immuno 10 Reduced delayed-type
(Wistar)  (NS) hypersensitivity (43%
8M decrease in foot pad

thickness)

Palmer et al. 1978

20 Rat GDs6-16 0,5,10,20 DX Develop 20
(CFY) (G)
20F

Parmar et al. 2003

21 Rat Once 0, 35 CS Neuro 35 Convulsions in 4/10 rats
(Wistar)  (GO)
10M

Parmar et al. 2003

22 Rat 5 days 0,25,5,10, CS, BW, Bl, Bd wt 15
(Wistar)  (GO) 15 ow
10M

Rivera et al. 1991

23 Rat Once 0,20 CS, BI, NX Develop 20 Regional changes in brain
(Wistar)  (GO) noradrenaline, serotonin,
4M,4F and dopamine metabolite

levels in suckling rats

Rivera et al. 1998

24 Rat PND 15 0,20 DX Develop 20 Altered acquisition of a
(Wistar)  once passive avoidance task,
NSM,F (G) decreased motor activity,

altered neurotransmitter
levels in brain

Rivera et al. 1998

25 Rat PNDs 8-14 0, 10 DX Develop 10 Altered acquisition of a
(Wistar)  (G) passive avoidance task,
NS M, F increased motor activity,

altered neurotransmitter
levels in brain
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Serrano et al. 1990

26 Rat PNDs 8-10 0, 5, 10,15, BW, Bl Develop 5 Decreased myelin in
(Wistar)  (GO) 20 developing brain
5M,5F

Sharma and Singh 2010

27 Rat 14 days 0, 30 RX Repro 30 Markedly decreased
(Wistar)  (GO) epididymis (27%) and
6 M testes (68%) weights;

substantial and persistent
reductions (=85% less than
controls) in sperm head
count, motility, and percent
live sperm; marked and
persistent increases
(4-fold) in percent abnormal

sperm
Singh and Sharma 2011
28 Rat 1 day 0, 60 BI, HP Hepatic 60 Marked centrilobular
(Wistar) (G) necrosis
NS M
Sinha and Shukla 2003
29 Rat 3 days 0,8.8 BW, OW Bd wt 8.8
(Druckrey) (GO)
8M
Srinivasan et al. 1984
30 Rat 2 weeks 0,72 BW, BC, Renal 72 10% increase in kidney
(Wistar)  (F) UR, OW, HP weight, distention of
6 M glomeruli, swelling of

tubular epithelia,
glucosuria, increased
excretion of urea and
creatinine, decreased
excretion of protein
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species
Figure (strain)  Exposure

key? No./group parameters

Parameters
(mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day)

Less serious Serious
LOAEL

(mg/kg/day) Effects

Sumida et al. 2007

31 Rat 1,3,7,0or Bd wt
(Fischer- 14 days
344) (GO) Hepatic
4 M
Tusell et al. 1988
32 Rat 3-12days 0,5,12,20 Death 20 2/18 died on 3 day
£1V\|(/I|Star) Neuro 12 Convulsions after 3 days
Uphouse and Williams 1989
33 Rat Once 0, 12.5, 25, Repro Increased length of estrous
(CDF- (G) cycle
F344)
8-11F
Woolley and Griffith 1989
34 Rat Once 0, 30, 40, 50 Neuro 30 Seizures
(Sprague- (GO)
Dawley)
™

Di Consiglio et al. 2009

35 Mouse GDs 9-16
(CD-1) (GO)
2-10F

LE, CS, BW, Bd wt
Bl, OW, HP, pevelop

Decreased sperm
concentration (20%) and
count (27%) in F1 males at
PNDs 65-69
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Hassoun and Stohs 1996a

36 Mouse GD 12 0, 30, 45 LE, DX Death 30 14% of dams died at
(C57BL/6J once 30 mg/kg and 25% died at
and (GO) 45 mg/kg
DBA/2J) Develop 30 45 LOAEL: decreased fetal,
NS F placental, and thymic

weights in C57BL/6J mice
Serious LOAEL: increased
early resorptions in
C57BL/6J mice

Hong and Boorman 1993

37 Mouse 3 days 0, 10, 20,40 CS, BW, Bd wt 40
(B6C3F1) (GO) HE, OW HP Hemato 20 Transient reductions in
™ marrow progenitor cell
numbers
Immuno 10 20 40 LOAEL: decreased thymus
weights

Serious LOAEL: atrophy of
thymic cortex

Hong and Boorman 1993
38 Mouse 10 days 0,10, 20 CS, BW, Bd wt 20

(B6C3F1) (GO) HE, OWHP Hemato 10 Transient decrease in
™ marrow progenitor cell
numbers
Immuno 10 Decreased relative thymus

and spleen weights

La Sala et al. 2009

39 Mouse 3 days 0, 15, 30 DX Develop 15 Decreased numbers of
(CD-1) (GO) primordial germ cells in
NS F male and female offspring

Liu and Morgan 1986

40 Mouse 10 days 20 LE, CS, BC Death 20 6/6 died
(DBA/2)

6F
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species
Figure (strain)  Exposure Doses

Parameters
key? No./group parameters (mg/kg/day) monitored Endpoint

Less serious Serious
NOAEL LOAEL

(mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Maranghi et al. 2007

41 Mouse GDs9-16 0,15 BW, FI, Bl, Bd wt 15
12F
Develop 15 Early vaginal patency;
increased absolute (17%)
and relative (13%) uterine
weight at PND 22;
decreased oocyte diameter
(21%) in primary follicles at
PND 60 in F1 females
Scascitelli and Pacchierotti 2003
42 Mouse 3 days 0, 15, 25 RX Repro 15 25 Increase in degenerating
(CD-1) (GO) two-cell embryos following
16-29 F preovulatory exposure
Sinha and Shukla 2003
43 Mouse 3 days 0,59 BW, OW Bd wt 5.9
Swiss (GO)
8M
Traina et al. 2003
44 Mouse GDs 9-16 0, 15,25 BW, DX Bd wt 25
(CD-1) (GO) Develop 15 14% decrease in sperm
10-24 F count in F1 offspring with
more severe effects
observed at higher dose
Palmer et al. 1978
45 Rabbit GDs6-18 0,5,10,20 DX Develop 20

(New (G)
Zealand)
13F
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

INTERMEDIATE EXPOSURE

Ahmed et al. 2008

46 Rat 4 weeks, 0, 30 CS, BW, FI, Bd wt 30
(Wistar) 7 days/week BC
10M (GO)
Ali and Shakoori 1998
47 Rat 15 days 0,18 HP Hepatic 18 Reduced number of cells
(Sprague- (F) per field; increased cell,
Dawley) nucleus, and nucleolus
3-5NS size; vacuoles in the
cytoplasm and granulation;
apparent fatty degeneration
Amyes 1990
48 Rat Up to Males: 0, LE, CS, BW, Death 32F Statistically significant
(Wistar) 52 weeks 0.07,0.7,7, FI, WI, HE, decreased survival
15M, 15 F (F) 28 BC, Bl, UR, Bdwt 32F
Females: 0, GN, OW, 28 M
3.208, 0.8,8, HP,NX Hemato  32F
28 M
Hepatic 0.8 F 8F Periacinar hepatocytic
0.7M ™ hypertrophy
Renal 32F 0.07M Hyaline droplets, interstitial
chronic nephritis, and
regeneration in proximal
tubules
Neuro 32F Convulsions in

11/55 females
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Anand et al. 1995

49 Rat 6 weeks 0,3 BW, BC, OF Cardio 3 Tachycardia (~30%
(albino) (G) increase in heart rate);
NS M increased blood pressure,

plasma calcium levels, and
myocardial calcium influx;
decreased Ca, K-ATPase
activity; ECG changes

Andrews and Gray 1990

50 Rat 10 weeks 0, 10, 20 BW, OW, Bd wt 20
(Long- 7 days/week BC
Evans) (G)
NS M
Renal 10 Increased kidney weight;
hyaline droplet
accumulation and tubular
regeneration
Musc/skel 10 20 Decreased femur medullary
area
Arisi et al. 1994
51 Rat 90 days 0, 90 CS Neuro 90 Tonic convulsions
(Wistar)  (F)
4-12 M
Chadwick et al. 1988
52 Rat 15 weeks 0,5, 10,20, LE,BW,FIl, Death 20 2/12 died at 20 mg/kg/day;
(Fischer-  (GO) 40 BI, OW 7/12 died at 40 mg/kg/day
344) Repro 5 10 Delayed vaginal opening,
6-12 F disrupted ovarian cycling
Desi 1974
53 Rat 40 days 0,2.5,5,10, NX, OW, Hepatic 50
(Wistar)  (F) 50 OF, HP
8-10NS Neuro 25 Significantly altered

Skinner box behavior
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Dewan et al. 1980
54 Rat 35 days 0,6.25,25 IX Immuno 6.25 Immunosuppression
(Charles (decreased antibody titers)
Foster)
5M,5F
EPA 1991a
55 Rat 2 generation 0, 0.09, 1.7, CS, BW, FI, Bd Wt 1.7F 131 F Decreased body weight
(CD) s; 70 days  13.1 HP, RX, DX 131 M gain during gestation in FO
30 M, 30 F priorto females
mating until Hepatic 0.09 M 1.7M In F1 males: hepatocellular
sacrifice 13.1F hypertrophy
Renal 0.09M 1.7 M In FO and F1 males:
131F Increased kidney weights;
nephritis, tubular cell
regeneration, hyaline
droplets, tubular necrosis
Repro 131
Develop 13.1 Reduced F1 and F2 pup
weight and viability;
delayed tooth eruption and
hair growth in F2
EPA 1999b
56 Rat 13 weeks Males: O, NX Death 302 F 3/10 females died during
(CD) (F) 1.4,71,28.1 the study
10M,10F Females: 0, Neuro 71 M 28.1 M Increased rearing, walking
1.6,7.9,30.2 79F 30.2F on tiptoes, hypersensitivity

to touch, and hunched
posture
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species

Figure (strain)  Exposure

Doses

Parameters

Less serious Serious

NOAEL LOAEL LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
EPA 1999c
57 Rat GD 6 to Gestation: DX Develop 1.2 5.6 Up to 18% reduction in pup
(Wistar) LD 10 0.8-0.9, 4.2— body weight and 24% lower
10 M, 10 F (F) 4.6, 8.0 body weight gain during
10.5, lactation
Lactation:1.2
-1.7,5.6—
8.3,13.7-
19.1
Fatih Fidan et al. 2008
58 Rat 30 days 0, 10, 20,40 BC, BI,HP Hepatic 10 20 Megalocytosis; vacuolar
(Sprague- (GO) degeneration; severe
Dawley) venous and sinusoidal
10M congestion; and
lymphocytic infiltration
Renal 10 20 Severe kidney congestion,
medullary and cortical
hemorrhage, and
degeneration and
vacuolation of proximal
convoluted tubules
Fitzhugh et al. 1950
59 Rat 10 months  Males: 0, 30, LE, BW Death 60 M Mean age at death was
(Wistar) (F) 60, 120 70 F 39.7 weeks versus
10F, 10 M Females: 0, 58.3 weeks in controls
30, 70, 140
Bd wt 60 M 120 M 13-17% decrease in body
70 F 140 F weight gain at 6 months
Resp 120 M
140 F
Cardio 120 M
140 F
Gastro 120 M

140 F
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Hemato 120M

140 F
Musc/skel 120 M
140 F
Hepatic 60 M Slight microscopic damage
70F
Renal 60 M Very slight microscopic
70 F damage
Neuro 60 M Convulsions
70F
Endo 120 M
140 F
Repro 120 M
140 F
Gilbert 1995
60 Rat 30 days 0,10 CS Neuro 10 Myoclonic jerks and clonic
(Long- (GO) seizures
Evans)
15-16 M
Hfaiedh et al. 2011
61 Rat 30 days 0, 50 BC, Bl, OW, Endocr 50 85% increase in T4, 74%
(Wistar) (W) HP, RX decrease in TSH
6 M Repro 50 Decreased testes (52%),
epididymides (42%),
prostate gland (50%), and
seminal vesicles (5%)
weights; 56% reduced
sperm count; 37% reduced
sperm motility; 74%
decrease in FSH
Ito et al. 1975
62 Rat 48 weeks 0, 35 BW, OW, Hepatic 35 Hepatocellular hypertrophy
(W strain) (F) HP

18-24 M
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species
Figure (strain)  Exposure Doses

Parameters

NOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day)

Less serious Serious
LOAEL LOAEL
(mg/kg/day) (mg/kg/day) Effects

Johri et al. 2007

63 Rat GDs 5-21 0,0.0625, DX, BI Develop 0.125 0.25 Persistent hyperactivity
(Wistar)  (GO) 0.125, 0.25
13-14 F
Johri et al. 2008
64 Rat GDs 5-21 0,0.25 CS, Bl Develop 30 Convulsions in
(Wistar)  and PND 45 (prenatal) 8/10 animals
13F (GO) and 30
(postnatal)
Koner et al. 1998
65 Rat 8 weeks 0,3.6,7.0 IX Immuno 3.6 Reduced serum antibody
(Wistar)  (F) response to SRBC
8—-10M
Martinez and Martinez-Conde 1995
66 Rat 30 days, 0,6 CS, NX Neuro 6 Decreased brain dopamine
(Wistar)  every 3 days levels
8M,8F (GO)
Matsuura et al. 2005
67 Rat ~10 weeks Males, FO: 0, LE, CS, BW, Death 26.1F 2 FO females died
(Crji:CD  (2-generation 0.56, 3.4, FI,BC,Bl, Bdwt 26.1F
[SD]IGS) ;premating 17.2 GN, OwW, 17.2 M
24M, 24 F EE)PND 21) (l\)/I?I‘les‘i ';1: H)P( RX, DX, Hepatic 0.88 F 52F Hepatocellular hypertrophy
2'3 3’ - 0.56 M 3.4 M in FO and F1 male and
Females, FO: female P?rents
0,0.88, 5.2, Renal 261 F 0.56 M Basophilic tubules and
26.1 hyaline droplets in the
0.95, 5.6, Endocr 52F 261F Decreased absolute and
28.0 34 M 17.2 M relative pituitary weights in

FO and F1 females; altered
serum thyroid hormone
levels; thyroid follicular cell
hypertrophy in FO females
and F1 males
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species

Figure (strain)  Exposure

Doses

Less serious Serious
LOAEL

Parameters NOAEL

LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Neuro

Repro 261 F
17.2M

Develop 0.95 5.6

28F

26.1

Convulsions in two F1
females

LOAEL: 10% decrease in
F2 female offspring body
weight at PND 4

Serious LOAEL: 49%
decrease in F2 offspring
viability (PNDs 0—4); 8-
29% decreases in male
and female F1 and F2
offspring weights on

PNDs 0, 4, and 21; delayed
sexual maturation
(preputial separation in
males and vaginal opening
in females) in F1
generation

Mediratta et al. 2008

68 Rat 21 days
(Wistar) (NS)
8M

0,10

BC, IX Immuno 10

Decreased anti-SRBC
antibody titer (32%)

Mudawal et al. 2018

69 Rat 3 weeks
(Wistar) 7 days/week
6 M (NS)

0,25

Bl, NX, DX Neuro 25

Decreased conditioned
avoidance, alternations,
and locomotor activity;
ultrastructural changes in
the hippocampus and
substantia nigra in adult
animals

Muller et al. 1981

70 Rat 30 days
(Wistar) (F)
15M

0,1.3,12.3,
254

NX Neuro 12.3 254

Reduced tail nerve
conduction velocity




HEXACHLOROCYCLOHEXANE (HCH)

2. HEALTH EFFECTS

65

Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species
Figure (strain)  Exposure Doses

Parameters

NOAEL

Less serious Serious
LOAEL

LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Parmar et al. 2003

71 Rat 15 or 21 0,25 CS, BW, BI, Bdwt 2.5
(Wistar)  days ow
10M (GO)
Prasad et al. 2016
72 Rat 15, 30, or 0, 20 BC, Bl, GN, Renal 20 Severe corticomedullary
(Wistar) 45 days HP and glomerular congestion,
6 M (GO) intertubular hemorrhage,
severe tubular
degeneration,
desquamation of tubular
epithelium, cystic dilatation,
mononuclear cell infiltrate,
necrosis, and atrophic
glomeruli
Sahaya et al. 2007
73 Rat 6 weeks, 0,15 BIl, NX Neuro 15 Impaired neurocognition
(Wistar) 7 days/week (decreased step-down
10M (NS) latency in passive
avoidance test and
prolonged transfer latency
in elevated plus maze)
Saradha and Mathur 2006
74 Rat 45 days 0,1,5,50 BW, OW, Repro 1 5 50 LOAEL.: decreased sperm
(Wistar)  (GO) RX count (~27%) and motility
4 M (~25%)

Serious LOAEL: decreased
sperm count (~40%),
motility (~40%), and
viability (~15%); decreased
epididymal weight (~10%)
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Sauviat et al. 2005

75 Rat ~13 weeks 0, 0.000076, GN, OW, Develop  0.000076° 0.00015 0.0003 LOAEL: altered ventricular
(Sprague- (W) 0.00015, HP electrophysiology
Dawley) 0.00030 Serious LOAEL: 21%
NS F decrease in pup body

weight; altered heart
morphometry and
electrophysiology; cardiac
histopathology
(hypertrophy in left
ventricular area,
unorganized collagen
bundles and layers,
fibroblast destruction)

Sharma and Singh 2010

76 Rat 28 days 0, 30 RX Repro 30 Decreased cauda
(Wistar)  (GO) epididymis (32%) and
6 M testes (70%) weights;

>89% decreases in sperm
head count, motility, and
percent live sperm; 4-fold
increase in percent
abnormal sperm

Srinivasan et al. 1991

77 Rat GDs 0-21 0,25 DX Develop 25 Increased pup relative liver
(Wistar)  and weights
6F LDs 1-28 or
LDs 1-28

(F)

Srivastava et al. 2019

78 Rat GDs 5-21 0,0.25 DX Develop 0.25 Ultrastructural changes in
(Wistar) (GO) the brain (moderately
25F distorted mitochondria and

demyelinated neurons)
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species

Figure (strain)  Exposure

Doses Parameters

Less serious Serious
LOAEL

NOAEL

LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Srivastava et al. 2019

79 Rat 21 days 0,25 NX Neuro 25 Reduced locomotor activity
(Wistar)  (GO) and spatial memory;
6M ultrastructural changes in
the hippocampus and
substantia nigra (swollen
mitochondria with
disintegrated cristae,
shortened fuzzy synapse,
disintegrated myelin layer,
and autophagosomes)
Sumida et al. 2007
80 Rat 28 days 0,1,10 BW, BC, Bd wt 10
344)
4 M
Suter 1983
81 Rat 12 weeks 0, 0.02, 0.08, LE, CS, BW, Hemato 10
(Wistar) (F) 0.4,2.0,10 FI, HE, UR, Hepatic 0.4 2 Centrilobular hypertrophy
15M,15F OW.HP  Renal  04F 04M Basophilic proximal

2F

tubules; proximal tubular
distention, hyaline droplet
formation; and minimal to
moderate interstitial
nephritis in males; slight
epithelial cell necrosis in
proximal convoluted
tubules in both sexes
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species

Figure (strain)  Exposure Doses

Parameters

NOAEL

Less serious Serious
LOAEL

LOAEL

key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Vijaya Padma et al. 2011

82 Rat 30 days 0, 100 BC, Bl, HP  Hepatic 100 “Extensive” liver injuries
(Wistar)  (GO) consisting of vacuolar
6 F degeneration of
hepatocytes and “massive”
degradation of the central
vein
Renal 100 Glomerular degeneration
and shrinkage;
degeneration of proximal
and distal tubules
Vijaya Padma et al. 2013
83 Rat 30 days 0,100 BC, Bl, OW, Cardio 100 Histopathology changes
(Wistar)  (GO) HP (inflammatory cells and
6M separated muscle fibers)
Yang et al. 2014; Zhang et al. 2016
84 Rat 4 weeks, 0,4,8 BW, BC, Bd wt 8
(Sprague- 7 days/week OW, HP Repro 4 8 Low columnar endometrial
Dawley)  (GO) glandular epithelial cells in
7-9F the uterus
Yuksel et al. 2009
85 Rat 30 days 0, 10, 20,40 CS, BC, GN, Death 20 1/10 rats died at
(Sprague- (GO) OW, HP, RX 20 mg/kg/day and
Dawley) 1/10 died at 40 mg/kg/day
10M
Banerjee et al. 1996
86 Mouse 3-12weeks 0,1.8,54,9 IX Immuno 1.8 54 Immunosuppression
(Hissar) (decreased splenic plaque-
NS M forming colonies) after

6 weeks; decreased
antibody titers at
9 mg/kg/day
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species
Figure (strain)  Exposure
key? No./group parameters

Less serious Serious
Doses Parameters NOAEL LOAEL LOAEL
(mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Hanada et al. 1973

87 Mouse 32 weeks Males: 0, 18, BC, GN, HP Cancer 120 CEL: hepatoma
(dd) 54,108
10-11 M, Females: 0,
10-11F 20, 60, 120

Ito et al. 1973

88 Mouse 24 weeks 0, 18, 45,90 BW, OW, Bd wt 90
(dd) (F) HP Hepatic 45 90 Relative liver weight
20-40M increase of 33% and

centrilobular hypertrophy

Meera et al. 1992

89 Mouse 24 weeks
(Swiss (F)
albino)
6F

0, 0.012, CS, HP, IX Immuno 0.012 1.2 LOAEL: changes in cell-

0.12,1.2 and humoral-mediated
immune system
Serious LOAEL:
histopathology changes in
thymus consisting of
marked decrease in cortical
lymphocytes, many
necrosed cells in medulla,
congestion of blood
vessels, and severe loss of
cortex and medulla
distinction

Nagda and Bhatt 2011

90 Mouse 60 days
(Swiss) (GO)
8-10 M

0,40 BI, OW, HP Repro 40 10% decrease testes
weight; histopathology
changes in testes
(shrunken and distorted
seminiferous tubules,
sparse Leydig cells, and
oligospermia)
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Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Thorpe and Walker 1973

91 Mouse 3 months 0, 68 LE Death 68 10% of males and 20% of
(CF1) (F) females died in first
30M,30F 3 months of chronic study

Rivett et al. 1978

92 Dog 7 weeks 09,2,4,7 CS,BW, Bd wt 4 7 Decreased body weight
(Beagle) HE, BC, UR, gain
1M 1F GN, OW,

HP

Desi et al. 1978

93 Rabbit 5-6weeks 0,1.5, 3,6, LE,OF,IX Death 12 “Numerous” deaths
(NS) 5 days/week 12
6 M (C)

Lindenau et al. 1994

94 Rabbit 12 weeks 0,0.8 CS, BC, Bl Repro 0.8 Reduced ovulation rate
(hybrid) 3 days/week
5F (GO)

Seiler et al. 1994

95 Rabbit 12-15 weeks 0, 0.8 DX, RX Repro 0.8
(New 3 days/week Develop 0.8
Zealand) (GO)
5F

Beard and Rawlings 1998

96 Mink 3 0,1 CS, BW, FI, Repro 1 Reduced litter size in F2
(NS) generations GN, OW, females (~40% lower than
8-10F (F) HP, RX, DX controls); reduced testis

size (11-13% shorter
length and 34-36% lower
mass) in F3 males
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Beard et al. 1997
97 Mink 12 weeks 0,1 CS, BW, FI, Repro 1 Reduced mating receptivity
(NS) 3 weeks BC, GN, and whelping rate
10F premating to OW, HP,
8 weeks RX, DX
postpartum
(F)
Beard et al. 1997
98 Mink 17 weeks 0,1 CS, BW, FI, Repro 1 Reduced whelping rate and
(NS) 6 weeks BC, GN, increased post-implantation
15F premating to Oow, HP, embryo loss
10 weeks RX, DX
postpartum
(F)
CHRONIC EXPOSURE
Ali and Shakoori 1998
99 Rat 18 months 0,9 HP Hepatic 9 Increased cell, nucleus,
(Sprague- (F) and nucleolus size;
Dawley) extensive cytoplasmolysis;
3-5, NS slight cytoplasmic
degeneration; increasing
nuclear distortion
Fitzhugh et al. 1950
100 Rat 107 weeks  Males: 0, LE, BW, FI, Resp 30
(Wistar) (F) 0.4,0.7,4,7, GN, OW, Cardio 30
10F,10 M 30 HP
. Gastro 30
Females: 0,
0.4,0.9, 4,09, Hemato 30
30 Musc/skel 30
Hepatic 4 9F Increased relative liver
™™ weight (35%); very slight
microscopic liver damage
Renal 4 9F Very slight microscopic

7™ kidney damage
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Endo 30
Repro 30
EPA 2000a
101 Mouse 78 weeks Males: 0, LE, BW, FI, Bd wt 205M
(CD-1) (F) 1.3,5.2,20.5 GN, OW, 268 F
50 M, 50 F Females: 0, HP Resp 205 M
1.8,7.1,26.8 268 F
Hemato 20.5M
Hepatic 5.2M 205M Centrilobular hepatocyte
26.8 F hypertrophy
Renal 205M
268 F
Endocr 20.5M
268 F
Neuro 20.5M
268 F
Cancer 26.8 F CEL.: bronchiolar-alveolar
adenomas and carcinomas
Herbst et al. 1975; Weisse and Herbst 1977
102 Mouse 80 weeks Males: 0, BW, GN, HP Bd wt 8.2M
(NMRI) (F) 21,4.1,8.2 78F
50 M, 50 F Females: 0, Hepatc 8.2 M
2.0,39,7.8 78F
NCI 1977
103 Mouse 80 weeks 0, 13.6,27.2 CS, BW, Bl, Cancer 13.6 M CEL: hepatocellular
(B6C3F1) (F) HP carcinoma
50 M, 50 F
Thorpe and Walker 1973
104 Mouse 104 weeks 0, 68 CS, GN, HP Cancer 68 CEL.: liver and other
(CF1) (F) unspecified tumors in both

30M,30F

sexes
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Table 2-4. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Species Less serious Serious
Figure (strain)  Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Wolff et al. 1987

105 Mouse 24 months 0, 27.2 CS, BW, BI, Cancer 27.2 CEL: hepatocellular
(F-1 (F) HP carcinoma, lung tumors
hybrid)

24-96 F

Rivett et al. 1978

106 Dog 104 weeks 0, 0.83, 1.60, CS, BW, Bd wt 2.92
(Beagle) (F) 2.92 HE, BC, UR,
4M,4F GN, OW,

HP, NX
Hepatic 2.92 Livers were dark but
without histopathology
changes
Hemato 2.92
Ocular 2.92

aThe number corresponds to entries in Figure 2-8; differences in levels of health effects and cancer effects between male and females are not indicated in

Figure 2-8. Where such differences exist, only the levels of effect for the most sensitive sex are presented.

bUsed to derive an acute-duration oral minimal risk level (MRL). The LOAEL of 1 mg/kg/day was divided by an uncertainty factor of 300 (3 for use of a minimal
LOAEL, 10 for human variability, and 10 for animal to human extrapolation), resulting in an MRL of 0.003 mg/kg/day (3x10-3 mg/kg/day).

®Used to derive an intermediate-duration oral MRL. The NOAEL of 0.000076 mg/kg/day was divided by an uncertainty factor of 100 (10 for human variability, and
10 for animal to human extrapolation), resulting in an MRL of 0.0000008 mg/kg/day (8x10-7 mg/kg/day).

BC = serum (blood) chemistry; Bd wt or BW = body weight; Bl = biochemical changes; (C) = capsule; Cardio = cardiovascular; CEL = cancer effect level;

CS = clinical signs; Develop = developmental; DX = developmental toxicity; ECG = electrocardiogram; Endocr = endocrine; (F) = feed; F = female(s);

FO = parental generation; F1 = first generation; F2 = second generation; F3 = third generation; Fl = food intake; FSH = follicle stimulating hormone; (G) = gavage;
GD = gestation day; GN = gross necropsy; (GO) = gavage in oil;; HE = hematology; Hemato = hematological; HP = histopathology; Immuno = immunological;

IX = immunotoxicity; LD = lactation day; LDso = lethal dose, 50% kill; LE = lethality; LOAEL = lowest-observed-adverse-effect level; M = male(s);

Musc/skel = musculoskeletal; Neuro = neurological; NOAEL = no-observed-adverse-effect level; NS = not specified; NX = neurotoxicity; OF = organ function;
OW = organ weight; PND = postnatal day; Repro = reproductive; Resp = respiratory; RX = reproductive toxicity; SRBC = sheep red blood cell; T4 = thyroxine;
TSH = thyroid stimulating hormone; UR = urinalysis; (W) = drinking water; WI = water intake
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Figure 2-8. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral
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Figure 2-8. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral
Intermediate (15—-364 days)
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Figure 2-8. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral
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Figure 2-8. Levels of Significant Exposure to y-Hexachlorocyclohexane — Oral

Chronic (=365 days)
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Chronic (=365 days)
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*Doses represent the lowest dose tested per study that produced a tumorigenic
response and do not imply the existence of a threshold for the cancer endpoint.

D-Dog OAnimal - NOAEL
M-Mouse
R-Rat @Animal - LOAEL, Less Serious

¢ Animal - Cancer Effect Level
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2. HEALTH EFFECTS

Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
ACUTE EXPOSURE
Joseph et al. 1992a Technical HCH
1 Rat Once 0—4,000 LE Death 2,428 LDso
(CFT- (GO)
Wistar)
6 M
Sahoo et al. 1999 Technical HCH
2 Rat 7 days 0, 10, 20 BI, NX Neuro 10 Reduced brain ATPase
(Wistar) activities; 12% reduction in
10M brain acetylcholinesterase
activity; increased motor
activity at 20 mg/kg/day
Samanta et al. 1999 Technical HCH
3 Rat 7 days 0,10, 20 BW, BC, Bl, Repro 10 54% reduction in total sperm
(Wistar)  (GO) ow, HP count in adult rats;
10M increased frequency of
damaged sperm and sperm
with anomalous heads
Dikshith et al. 1990 Technical HCH
4 Mouse GD9 0, 5, 25,50, BW,DX Repro 25 Increased fetal resorptions
(Swiss once 100, 200
albino) (GO)
6 F
Philip et al. 1989 Technical HCH
5 Mouse 1or5days 0,50 HP Hepatic 50 Marked damage including
(NS) (GO) severe congestion of portal
NS vessels and central vein,

severe fatty changes in
periportal cells

Renal 50 A few cases of interstitial
hemorrhaging in medulla,
cystic dilation of tubules,
hyaline casts




HEXACHLOROCYCLOHEXANE (HCH) 82
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Ravinder et al. 1989, 1990 Technical HCH
6 Mouse 2 weeks 0,72,144 BI, OW, OF Death 144 14% mortality
(Swiss (F) Hepatic 72 >2-fold increase in relative
albino) liver weight, hepatocellular
10M hypertrophy, mild
centrilobular degeneration,
focal necrosis in a few
specimens
INTERMEDIATE EXPOSURE
Anand et al. 1991 Technical HCH
7 Rat 90 days 0, 50 BI, NX Neuro 50 Increased dopamine and
(NS) 6 days/week decreased norepinephrine in
45 M (GO) brain; behavioral changes;
increased brain wave
frequency
Dikshith et al. 1989a Technical HCH
8 Rat 30 days 0, 60 CS, HE, BC, Hemato 60
(NS) (GO) BI, OW, HP
10M
Hepatic 60 65% increase in liver weight
Renal 60
Repro 60
Dikshith et al. 1991a Technical HCH
9 Rat 360 days 0,0.04,0.4, BW,FI, BC, Death 04 4/20 deaths
(NS) (F) 2,20,40 Bl, OW, OF, Hepatic 2 20 Focal necrosis, enlargement
20M HP of hepatocytes, nuclear
pyknosis, vacuolation,
margination
Renal 2 20 Debris cells in lumen,
glomerular degeneration
Neuro 0.04 04 Tremors, convulsions, hind

limb paralysis
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Repro 2 20 Testicular necrosis and
degeneration
Dikshith et al. 1991b Technical HCH
10 Rat 90 days 0,5,25 LE, BW, Bl, Death 5 33% mortality in females
(NS) (GO) BC, OW, HP, and 50% mortality in males
12M,12F OF
Fitzhugh et al. 1950 Technical HCH
11 Rat 6 months Males: 0,7, LE,BW Death 60 M Decreased mean age at
(Wistar)  (F) 60 70 F death (32.9 versus
10F, 10 M Females: 0, 58.3 weeks in controls)
9,70 Bdwt 7 M 70F 60 M LOAEL: 16% decrease in
9F body weight of females
Serious LOAEL: 26%
decrease in body weight of
males
Resp 60 M
70F
Cardio 60 M
70F
Gastro 60 M
70F
Hemato 60 M
70F
Hepatic 60 M Moderate liver damage
70F
Renal 60 M Slight kidney damage
70F
Musc/skel 60 M
70F
Endo 60 M
70F

Repro 70 F 60 M Moderate testicular atrophy
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Gautam et al. 1989 Technical HCH
12 Rat 180 days 0,3,6 BW Bd wt 3 17% decrease in body
(Charles (GO) weight gain
Foster) Repro 3 6% decrease in vas
10M deferens weight,
degeneration of inner
muscle and cell layers of
vas deferens
Gopal et al. 1992 Technical HCH
13 Rat 120 days 0, 50 CS, NX Neuro 50 Increased motor activity,
(NS) (GO) decreased resting
50M stereotypic time
Joseph et al. 1992¢ Technical HCH
14 Rat 7 weeks 0, 90 HE, BC Hemato 90 Decreased white blood cell
(CFT- (F) counts
Wistar)
4 M
Ito et al. 1975 Delta HCH
15 Rat 48 weeks 0,35,70 BW, OW, HP Hepatic 35 70 Hepatocellular hypertrophy
(W strain)
18-24 M
Mudawal et al. 2018 Technical HCH
16 Rat 3 weeks 0,25 Bl, NX, DX Neuro 25 Statistically significant
(Wistar) 7 days/week decreases in conditioned
6 M (NS) avoidance, alternations, and
locomotor activity;
ultrastructural changes in
the hippocampus and
substantia nigra in adult
animals
Nagaraja and Desiraju 1994 Technical HCH
17 Rat PNDs 2-60 0, 10, 20 CS, BW, Bl Develop 10 Alterations in levels of
(Wistar)  (GO) dopamine, serotonin, and
6-8 F noradrenaline in pup brains
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Species
Figure (strain) Exposure Doses

key? No./group parameters (mg/kg/day)

Less
serious Serious
Parameters NOAEL LOAEL LOAEL

monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Nagaraja and Desiraju 1994

18 Rat 90 days 0, 20
(Wistar) (F)
6-7F

Technical HCH

CS,BW, Bl Bdwt 20 Significantly decreased
(23%) terminal body weight
Neuro 20 Increased GABA levels,

increased GAD activity,
decreased glutamate levels

Roy Chowdhury and Gautam 1990

19 Rat 180 days 0,3,6
(Charles (G)
Foster)
5-10 M

Technical HCH

BW, OW, HP Repro 3 6 LOAEL: detachment of
germinal cells from
peritubular membrane of
seminiferous tubules,
atrophy of Leydig cells, and
intertubular edema
Serious LOAEL: “complete
degeneration” of testicular
tissue

Sahoo et al. 1999

20 Rat 15 or 30 0, 10, 20
(Wistar)  days
10M 7 days/week

Technical HCH

BI, NX Neuro 10 Reduced brain ATPase
activity; 39% decrease in
acetylcholinesterase activity
after 15 days, with reduced
grooming behavior at
20 mg/kg/day after 30 days

Samanta et al. 1999

21 Rat 15 or 30 0,10, 20
(Wistar)  days
10M (GO)

Technical HCH

BW, BC, Bl, Repro 10 58-65% reduction in total

Oow, HP sperm count in adult rats;
increased frequency of
damaged sperm and sperm
with anomalous heads

Bhatt and Bano 2009

22 Mouse 2,4, or 0, 90
(Swiss) 6 months
6-18M  (F)

Technical HCH
BI, HP Cancer 90 CEL: Liver tumors
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Species

Figure (strain) Exposure Doses
key?2 No./group parameters (mg/kg/day) monitored

Parameters

Less

serious Serious
NOAEL LOAEL LOAEL
Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Bhatt and Nagda 2012

HCH Not further specified

23 Mouse 2,4, or 0, 90 BI, HP Hepatic 90 Hepatocyte degeneration,
(Swiss) 6 months vacuolation, fatty changes;
18-20M (F) hypertrophy, and

hyperplasia after 4 months
Cancer 90 CEL: liver tumors

Ito et al. 1973 Delta HCH

24 Mouse 24 weeks 0, 18,45,90 BW, OW, HP Bd wt 90
(dd) (F) Hepatic 45 90 23% increase in relative liver
20-40M weight and centrilobular

hypertrophy

Karnik et al. 1981 Technical HCH

25 Mouse 2-8 months 0, 90 ow, OF Hepatic 90 100% increase in liver
(Swiss) (F) weight; glycogen
6 NS accumulation, smooth
endoplasmic reticulum
proliferation
Cancer 90 CEL: hepatocellular
carcinoma

Nigam et al. 1979 Technical HCH

26 Mouse 3 months 0, 90 BW, OW, HP Repro 90 Increased (27%) relative
(Swiss) (F) testis weight, degeneration
6 M of seminiferous tubules,

shrunken and edematous
tubules (some completely
hyalinized); decreased
(sparse) and damaged
spermatocytes




HEXACHLOROCYCLOHEXANE (HCH) 87

2. HEALTH EFFECTS

Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Philip et al. 1989

27 Mouse 15d 0, 50 HP Hepatic 50 Marked damage consisting
(NS) (GO) of congestion of portal
NS vessels and central vein,
granular degeneration
Renal 50 Marked damage consisting

of congestion of blood
vessels and glomeruli,
vacuolation of epithelial cells
in glomeruli, fatty changes,
cystic dilation of the tubules,
and interstitial hemorrhaging

Thakore et al. 1981 Technical HCH
28 Mouse 2-8 months 0, 90 BW, Bl, OW Cancer a0 CEL: hepatocellular

(Swiss) (F) carcinoma

6 NS
Trivedi et al. 2007, 2009 Technical HCH
29 Mouse 1-8 months 0, 90 BC, Bl, GN, Hepatic 90 “Severe” liver damage after

(Swiss) (F) HP 6 months

6 M

Cancer 90 CEL.: liver tumors

Wang et al. 2006 Technical HCH
30 Pig 90 days 0,04,0.8 BW, FI, BC, Bd wt 0.8

(Duroc X (F) BI, OW,IX Hepatic 0.8 No effect on liver weight;

Landrace <30% increases in serum

X Large ALT and ALP

white) Renal 0.4 0.8 24% i in relati

12M. 12 F ena . . % increase in relative

kidney weight
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Species
Figure (strain) Exposure Doses Parameters
key? No./group parameters (mg/kg/day) monitored Endpoint

Less

serious Serious
NOAEL LOAEL LOAEL
(mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

CHRONIC EXPOSURE

Fitzhugh et al. 1950

Technical HCH

31 Rat 107 weeks Males: 0, 0.7, LE, BW, FI, Resp ™
(Wistar)  (F) 4,7 GN, OW, HP 9F
10F, 10 M Females: 0, Cardio 7 M
0.4,0.9,4,9, 9F
Gastro 7™
9F
Hemato 7 M
9F
Musc/skel 7 M
9F
Hepatic 0.7M 4 Very slight microscopic
09F damage
Renal ™
9F
Endo ™
9F
Repro 7™
9F
Kashyap et al. 1979 Technical HCH
32 Mouse 80 weeks 0,10 CS, BW, FI, Neuro 10 Convulsions
(Swiss) ~ (GO) GN, HP Cancer 10 CEL: hepatocellular
30M,30F carcinoma
Kashyap et al. 1979 Technical HCH
33 Mouse 80 weeks 0,17 CS, BW, FI, Neuro 17 Convulsions
(Swiss) ~ (F) GN, HP Cancer 17 CEL: hepatocellular
30M, 30F carcinoma
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Table 2-5. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Munir et al. 1983 Technical HCH
34 Mouse 20 months 0, 21.3, 42.5, BW, OW, HP Cancer 21.3 CEL: hepatocellular
(Swiss) (F) 85 carcinoma

10-37 M

aThe number corresponds to entries in Figure 2-9; differences in levels of health effects and cancer effects between male and females are not indicated in
Figure 2-9. Where such differences exist, only the levels of effect for the most sensitive sex are presented.

ALP = alkaline phosphatase; ALT= alanine aminotransferase; BC = serum (blood) chemistry; Bd wt or BW = body weight; Bl = biochemical changes;

CEL = cancer effect level; CS = clinical signs; Develop = developmental; DX = developmental toxicity; (F) = feed; F = female(s); Fl = food intake; (G) = gavage;
GABA = gamma-aminobutyric acid; GAD =glutamate decarboxylase; GD = gestation day; GN = gross necropsy; (GO) = gavage in oil; HCH = hexachlorocyclo-
hexane; HE = hematology; Hemato = hematological; HP = histopathology; IX = immunotoxicity; LDso = lethal dose, 50% kill; LE = lethality; LOAEL = lowest-
observed-adverse-effect level; M = male(s); Musc/skel = muscular/skeletal; Neuro = neurological; NOAEL = no-observed-adverse-effect level; NS = not specified;
NX = neurotoxicity; OF = organ function; OW = organ weight; PND = postnatal day; Repro = reproductive; (W) = drinking water
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Figure 2-9. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane (HCH) — Oral
Acute (<14 days)
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2. HEALTH EFFECTS

Figure 2-9. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane (HCH) — Oral
Intermediate (15-364 days)
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Figure 2-9. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane (HCH) — Oral
Intermediate (15—-364 days)
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2. HEALTH EFFECTS

Chronic (=365 days)

Figure 2-9. Levels of Significant Exposure to 8- and Technical Hexachlorocyclohexane (HCH) — Oral
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2. HEALTH EFFECTS

Table 2-6. Levels of Significant Exposure to y-Hexachlorocyclohexane — Dermal

Species
(strain) Exposure Parameters Less serious Serious
No./group parameters Doses monitored Endpoint NOAEL LOAEL LOAEL Effects
ACUTE EXPOSURE
Gaines 1960
Rat Once NS LE, CS Death 900 F LDso
(Sherman) (GO)
100 M, 70 F
1,000 M LDso
Hanig et al.
1976
Rabbit Once 0, 60 mg/kg LE, CS Death 60 Deaths among weanlings
(New Zealand) Neuro 60 Convulsions
2-6 M
Ullmann 1986a
Rat 24 hours 0, 250, 600, LE, CS, BW, Death 600 2/10 died at 600 mg/kg;
(Wistar) once 1,000, GN LDs0=1,000 mg/kg
5M,5F 2,000 mg/kg
Neuro 600 1,000 2,000 F LOAEL: sedation, curved body
position

Serious LOAEL: severe sedation
and spasms in one female

Ullmann 1986¢

Rabbit Once 0, 40 mg/kg LE, CS, BW Ocular 40 Mild eye irritation
(New Zealand)
3M,3F

INTERMEDIATE EXPOSURE
Dikshith et al. 1973

Rat (L.T.R.C.) 25days 0, CS Dermal 180 Mild dermatitis
30F 180 mg/kg/day
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Table 2-6. Levels of Significant Ex