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FOREWORD

This toxicological prolile is prepared in accordance with guidelines developed by ATSDR and
EPA. The onginal guidelines were published in the Federal on April 17, 1987. Each protile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health
effects information for the hazardous substance being described. Each profile identifies and reviews the key
literature (that has been peer-reviewed) that describes a hazardous substance’s toxicologic properties. Other
pertinent literature is also presented, but 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.

Each toxicological profile begins with a public health statement, that describes in nontechnical
language, a substance’s relevant toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where known, significant health effects.
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 protect public health will be identified by ATSDR and
EPA. The focus of the protiles is on health and toxicologic
information; therefore, we have included this information in the beginning of the document.

Each profile must include the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute, subacute, and chronic health effects.

(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, subacute, and chronic health effects.

(C) 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.

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law directed the Agency for Toxic Substances and Disease Registry (ATSDR) to prepare toxicological
profiles for hazardous substances most commonly found at facilities on the CERCLA National Priorities
List and that pose the most significant potential threat to human health, as determined by ATSDR and the
Environmental Protection Agency (EPA). The availability of the revised priority list of 275 hazardous
substances was announced in the Federal on February 28, 1994 (59 FR 9486). For prior versions of the list
of substances, see m notices dated April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41280);
October 26, 1989 (54 FR 43619); October 17, 1990 (55 FR 42067); and October 17, 1991 (56 FR 52166);
and October 28, 1992 (57 FR 48801).
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Foreword

Section 104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list.

This profile reflects our assessment of all relevant toxicologic testing and information that has been peer
reviewed. It has been reviewed by scientists from ATSDR, the Centers for Disease Control and Prevention
(CDC), and other federal agencies. It has also been reviewed by a panel of nongovernment peer reviewers and
was made available for public review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

QT Shh—

David Satcher, M.D., Ph.D.
Administrator
Agency for Toxic Substances and
Disease Registry
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PEER REVIEW

A peer review panel was assembled for mirex and chlordecone. The panel consisted of the
following members:

1. Dr. Ihn Chu, Head, Environmental Contaminants Section, Environmental Health Center,
Ottawa,Ontario;

2. Dr. Syed Naqvi, Professor of Biology, Southern University, Baton Rouge, Louisiana.

3. Dr. Harihara Mehendale, Professor of Toxicology, College of Pharmacy and Health
Science, Northeast Louisiana University, Monroe, Louisiana.

These experts collectively have knowledge of mirex and chlordecone’s physical and chemical
properties, toxicokinetics, key health end points, mechanisms of action, human and animal
exposure, and quantification of risk to humans. All reviewers were selected in conformity
with the conditions for peer review specified in Section 104(i)(13) of the Comprehensive
Environmental Response, Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have
reviewed the peer reviewers’ comments and determined which comments will be included in
the profile. A listing of the peer reviewers’ comments not incorporated in the profile, with a
brief explanation of the rationale for their exclusion, exists as part of the administrative record
for this compound. A list of databases reviewed and a list of unpublished documents cited are
also included in the administrative

record.

The citation of the peer review panel should not be understood to imply its approval of the
profile’s final content. The responsibility for the content of this profile lies with the ATSDR.
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1. PUBLIC HEALTH STATEMENT

This statement was prepared to give you information about mirex and chlordecone and to
emphasize the human health effects that may result from exposure to them. The
Environmental Protection Agency (EPA) has identified 1,408 hazardous waste sites as the
most serious in the nation. These sites make up the National Priorities List (NPL) and are the
sites targeted for long-term federal clean-up activities. Mirex has been found in at least 7 of
the sites on the NPL. Chlordecone has been found at 2 of the sites on the NPL. However,
neither mirex or chlordecone are on EPA’s list of target chemicals and the number of NPL
sites evaluated for mirex and chlordecone is not known. As EPA evaluates more sites, the
number of sites at which mirex and chlordecone are found may increase. This information is
important because exposure to mirex and chlordecone may cause harmful health effects and
because these sites are potential or actual sources of human exposure to mirex and

chlordecone.

When a substance is released from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment. This release does not always
lead to exposure. You can be exposed to a substance only when you come in contact with it.
You may be exposed by breathing, eating, or drinking substances containing the substance or

by skin contact with it.

If you are exposed to substances such as mirex and chlordecone, many factors will determine
whether harmful health effects will occur and what the type and severity of those health
effects will be. These factors include the dose (how much), the duration (how long), the route
or pathway (breathing, eating, drinking, or skin contact) by which you are exposed, the other
chemicals to which you are exposed, and your individual characteristics such as age, sex,

nutritional status, family traits, lifestyle, and state of health.
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1. PUBLIC HEALTH STATEMENT

1.1 WHAT ARE MIREX AND CHLORDECONE?

Mirex and chlordecone are two separate synthetic insecticides that have similar chemical
structures. They do not occur naturally in the environment. Mirex is a snow-white
crystalline solid and chlordecone is a tan-white crystalline solid. Both compounds are

odorless and neither burns easily.

Mirex and chlordecone are no longer made or used in the United States. Mirex and
chlordecone were most commonly used in the 1960s and 1970s. Mirex was used as a
pesticide to control fire ants mostly in the southeastern part of the United States. It was also
used extensively as a flame retardant additive under the trade name Dechlorane® in plastics,
rubber, paint, paper, and electrical goods from 1959 to 1972 because it does burn easily.
Chlordecone was used to control insects that attacked bananas, citrus trees with no fruits,
tobacco, and ornamental shrubs. It was also used in household products such as ant and roach
traps. Chlordecone is also known by its trade name Kepone®. All registered products

containing mirex and chlordecone were canceled in the United States between 1977 and 1978.

Chapter 3 has more information on the physical and chemical properties of mirex and
chlordecone. Chapter 4 has more information on the production and use of mirex and

chlordecone.

1.2 WHAT HAPPENS TO MIREX AND CHLORDECONE WHEN THEY ENTER
THE ENVIRONMENT?

Mirex and chlordecone contaminated water and soil while they were being manufactured and
used in the 1960s and 1970s. These substances can still enter surface water through runoff of
contaminated soil at facilities that once manufactured these chemicals or by seeping from
waste disposal sites. Mirex and chlordecone do not evaporate to any great extent into the air.
They also do not dissolve easily in water. Most of the mirex and chlordecone in water attaches
to soil particles suspended in the water or to sediment. When they bind to soil particles in

water, they can travel long distances. Both compounds bind strongly to soil.
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1.  PUBLIC HEALTH STATEMENT

Because they are not likely to move through the soil, very little will get into underground
water. Mirex and chlordecone can stay in soil, water, and sediment for years. Both
compounds are slowly broken down in soil, water, and sediment. Mirex is broken down more
quickly than chlordecone. Mirex is broken down to photomirex, which can also cause
harmful health effects. Photomirex is even more poisonous than mirex. It is produced when
sunlight reacts with mirex in water or in the air. Fish or animals that live in waters that
contain mirex or chlordecone, or that eat other animals contaminated with mirex or
chlordecone, can build up these substances in their bodies. The amounts of mirex and
chlordecone in their bodies may be several times greater than the amount in their prey or in
the surrounding water. See Chapter 3 for more information on the chemical and physical
properties of mirex and chlordecone. See Chapter 5 for more information on their occurrence

and what happens to them in the environment.

1.3 HOW MIGHT | BE EXPOSED TO MIREX AND CHLORDECONE?

Most people are exposed to very low levels of mirex and chlordecone. The most likely way
for people in the general population to be exposed to mirex or chlordecone is by eating food,
particularly fish, taken from contaminated areas. Currently, three states (Ohio, New York,
and Pennsylvania) have issued a warning to the public that fish may contain mirex. This
warning applies mostly to fish caught in Lake Ontario. The state of Virginia has also issued
a warning to the public about possible chlordecone contamination in fish and shellfish caught
in the lower 113 miles of the James River. This contamination was caused when chlordecone
was manufactured in one factory in Hopewell, Virginia, polluting the James River. People
who live in areas where these compounds were used or made have higher levels in their
tissues. Mirex was found in the milk of women who live in these areas, so nursing infants
could be exposed. People who live near hazardous waste sites may be exposed to mirex or
chlordecone by touching or eating contaminated soil that is on unwashed hands, food
containers, or food itself, since these compounds bind to soil particles. Because mirex and
chlordecone do not dissolve easily in water or evaporate easily in air, people are not likely to

be exposed to them by drinking water or by inhaling air. Since mirex and chlordecone are no
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longer produced, the only people likely to be exposed through their work are those involved

in the clean-up and removal of contaminated soils and sediments.

Mirex and chlordecone do not occur naturally in the environment. Although mirex is not
usually found in the air, it was detected at very low levels of up to 10 parts of mirex per
quadrillion (1,000,000,000,000,000) parts of air in air samples from southern Ontario,
Canada. Surface water concentrations of mirex ranged from 0.06 to 2.6 parts mirex per one
trillion (1,000,000,000,000) parts of water in the Niagara River between 1981 and 1983. More
recent monitoring data from 1987 show that mirex concentrations are decreasing in the
surface waters of the Great Lakes to about 0.022 parts per trillion (ppt). In the mid-1980s
mirex was found in sediments of Lake Ontario at levels ranging from 6.4 parts per billion
(ppb) to 38 ppb. Nationwide, the average level of mirex in fish was less than 4 ppb in 1986.
However, fish from Lake Ontario had levels as high as 225 ppb. Chlordecone was found in
surface water samples from the James River estuary at levels less than 10 ppt in 1977. More
recent data were not available. In 1978, chlordecone was detected in sediments from the
James River below its production site at concentrations of less than one part chlordecone in
one million parts of sediment. In 1981, chlordecone was found in clams from the James River

at levels ranging from 60 to 140 ppb.

Chapter 5 has more information on how you may be exposed to mirex and chlordecone.

1.4 HOW CAN MIREX AND CHLORDECONE ENTER AND LEAVE MY BODY?

Studies in animals show that mirex can be taken into your bloodstream when you breathe in
cigarette smoke containing mirex or eat food contaminated with mirex. We do not know if
mirex can pass through your skin and enter your body after you touch it. Mirex passes from
the stomach and intestines of animals into their blood. We do not know how much passes
from the stomach and intestines of people into the bloodstream. Once in the bloodstream,
mirex is carried to many parts of the body where it is stored, mainly in fat. Mirex is not
broken down in the body. Mirex that is not stored leaves the body unchanged mainly in the

feces. Very little leaves the body in the urine. Most of the mirex that is swallowed leaves
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the body in feces within two days. However, the mirex that enters the bloodstream and is
stored in fat leaves the body very slowly. This process can take from several weeks to
months. Mirex can also enter breast milk from the bloodstream of nursing mothers who have

been exposed. Refer to Chapter 2 for more information on this subject.

Animal studies show that chlordecone can pass into your blood when you eat food
contaminated with it. Animal data show that only a small amount of chlordecone can pass
through the skin into the bloodstream. We do not know if or how much chlordecone can pass
from your lungs into your blood when you breathe it in. Like mirex, once chlordecone is
taken up by your body, it is carried by the blood throughout the body and is stored for a

long time. Unlike mirex, chlordecone is found mainly in the liver. Chlordecone is broken
down to chlordecone alcohol, which is a less harmful product. Chlordecone and its
breakdown product slowly leave the body through the feces. This process can take from
several weeks to months. Very little chlordecone leaves the body in the urine. Chlordecone
has also been found in saliva and human milk. Refer to Chapter 2 for more information on

this subject.

1.5 HOW CAN MIREX AND CHLORDECONE AFFECT MY HEALTH?

We do not know how mirex directly affects the health of people. However, animal studies
have shown that eating mirex can cause harmful effects on the stomach, intestines, liver, and
kidneys. Eating mirex can also cause harmful effects on the eyes, thyroid, nervous system,
and reproductive system. Since these effects occur in animals, they may also occur in people.
Animals that eat large amounts of mirex for a relatively short time can develop diarrhea. In
animals, short-term exposure (14 days or less) to low and high levels of mirex and
intermediate exposure (15-364 days) to low levels can harm the liver. Trembling, tiredness,
and weakness can also occur after short-term exposure to large amounts of mirex. Younger
animals are more sensitive to these effects on the nervous system. Intermediate exposures to
low levels of mirex caused tiredness, and exposure to higher levels caused extreme

excitability. Long-term (365 days or more) exposure to low levels of mirex caused harm to
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the kidneys. Short-term and intermediate exposures to moderately low levels of mirex did

not harm kidneys. Exposure to sufficient amounts of mirex may cause cataracts in animals if

they are exposed before or soon after birth. We do not know whether human infants may

also develop cataracts; it is not likely that mirex will cause cataracts in adults. Short-term,

low-level exposure to mirex may harm reproduction and development in rodents. High-level

exposures may result in miscarriage.

Studies in workers exposed (intermediate- or long-term) to chlordecone have shown harmful
effects on the liver, the nervous system, and reproductive systems. Workers exposed to high
levels of chlordecone during its manufacture experienced trembling, irritability, blurry vision,
and headaches. Studies in rats have shown that pretreatment with some anticonvulsants or
antidepressants increases the seriousness of the tremors associated with chlordecone exposure.
Therefore, people being treated with these drugs for epilepsy or depression may also
experience more serious tremors if they are exposed to chlordecone. Male workers
experienced some harmful reproductive effects. However, there was no evidence that the
ability to father children was affected. Some workers exposed to high levels of chlordecone
developed skin rashes and enlarged livers. Animal studies show effects similar to those seen
in humans. In addition, long-term exposure to small amounts of chlordecone caused kidney
effects in animals. It is possible exposure to high concentrations of chlordecone for a long
time may also hurt people’s kidneys. Animal studies show harmful effects on the ability of
female animals to reproduce. We do not know if similar effects occur in exposed women.
Animal studies show that chlordecone harms the offspring of exposed animals. We do not
know if similar harmful developmental effects will occur in people. However, it is possible
that if parents are exposed to enough chlordecone, their children’s development may be

harmed. Very young and very old people may be especially sensitive to chlordecone.

We do not know for sure whether either mirex or chlordecone causes cancer in humans. The
Department of Health and Human Services (DHHS) has determined that mirex and
chlordecone may reasonably be expected to be carcinogens. The International Agency for
Research on Cancer (IARC) has determined that mirex and chlordecone are possibly

carcinogenic to humans. The EPA has not classified mirex or chlordecone as to
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carcinogenicity. In rodents, mirex causes liver, adrenal, and blood cancer. Chlordecone also

causes liver cancer in rodents, but because of problems with these animal studies, more

information is necessary to be sure.

Chapter 2 has information on the health effects of mirex and chlordecone.

1.6 ARE THERE MEDICAL TESTS TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO MIREX OR CHLORDECONE?

There are medical tests to determine whether you have been exposed to mirex. Levels of
mirex can be measured in blood, feces, fat, or milk. The tests are not done in routine medical
examinations. However, doctors can collect tissue and body fluid samples and send them to
university medical centers or medical laboratories where the tests can be performed. The
tests are specific for mirex exposure. Since mirex is stored in your body for a long time and
slowly excreted, the tests can detect mirex for a long time after exposure has stopped.
However, the tests are unsatisfactory indicators of the amount of mirex to which you have
been exposed. This is because a long time may have passed since you were exposed and you
cannot be sure how much mirex may have left your body by the time the test is performed.
The tests also cannot be used to predict whether you will experience any potential health

effects or harmful changes following exposure.

There are medical tests to determine whether you have been exposed to chlordecone and/or its
breakdown product, chlordecone alcohol. Levels of chlordecone and/or chlordecone alcohol
can be measured in blood, saliva, feces, or bile. Chlordecone levels in blood are the best
indicator of exposure to chlordecone. Since chlordecone remains in the blood for a long time,
the test is useful for a long time after exposure has stopped. Chlordecone can be detected in
saliva only within the first 24 hours after exposure; therefore, this test has limited use. Blood
levels of chlordecone are a good reflection of total body content of chlordecone. However,
the test is an unsatisfactory indicator of the amount of chlordecone to which you have been
exposed because you cannot be sure how much chlordecone left your body between the time

you were exposed and the time the test is performed. These tests cannot predict how your
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health may be affected after exposure. The tests are not done in routine medical
examinations, but doctors can collect body fluid samples and send them to a university
medical center or a medical laboratory for analysis. Refer to Chapters 2 and 6 for more

information.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government has made regulations to protect individuals from the possible health
effects of mirex and chlordecone. The National Institute for Occupational Safety and Health
(NIOSH) recommends that the average workroom air levels of chlordecone should not exceed
50 parts per trillion (ppt) over an 8-hour period. EPA suggests that taking into your body

each day an amount equal to 200 picograms (pg) of mirex per kilogram (kg) of your body
weight is not likely to cause any significant (noncancer) harmful health effects. The Food

and Drug Administration (FDA) has determined that concentrations of mirex below 100 ppt in
fish and other foods are not likely to harm people who eat these foods. EPA has set a limit

of 1 ppt in surface waters to protect aquatic life from the harmful effects of mirex. FDA has
determined that concentrations of chlordecone below 400 ppt in fish, crabs, and shellfish are

not likely to harm people who eat these foods.

For more information on rules and standards for mirex and chlordecone, see Chapter 7.

1.8 WHERE CAN | GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or
environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, E-29

Atlanta, Georgia 30333

(404) 639-6000
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This agency can also tell you where to find occupational and environmental health clinics.
These clinics specialize in the recognition, evaluation, and treatment of illness resulting from

exposure to hazardous substances.
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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 of the toxicology of mirex and
chlordecone. 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.

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

Mirex and chlordecone are structurally similar insecticides. The only structural difference is that
mirex has two bridgehead chlorine atoms where chlordecone has a carbonyl oxygen atom. As
suggested by this similarity in structure, these two chemicals produce similar toxicities in a number of
organs. However, several aspects of the toxicity of mirex are distinctly different from those of
chlordecone, and vice versa. Because the toxicity profiles of mirex and chlordecone differ

significantly, each chemical will be discussed separately below.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

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 first by route of
exposure-inhalation, oral, and dermal; and then by health effect-death, systemic, immunological,
neurological, reproductive, developmental, genotoxic, and carcinogenic effects. These data are
discussed in terms of three exposure periods-acute (14 days or less), intermediate (15-364 days), and

chronic (365 days or more).

Levels of significant exposure 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. LOAELSs have been classified into “less serious” or “serious” effects. “Serious” effects are

those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute
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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 end
point 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 end points. 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 user of this profile to
identify levels of exposure at which major health effects start to appear. LOAELs or NOAELs 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.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user’s perspective. Public health officials and others concerned
with appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELSs) or exposure levels below which
no adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of mirex and

chlordecone are indicated in Tables 2-1 and 2-2 and Figures 2-1 and 2-2.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have
been made for mirex and chlordecone. An MRL is defined as an estimate of daily human exposure to
a substance that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a
specified duration of exposure. MRLs are derived when reliable and sufficient data exist to identify
the target organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given
route of exposure. MRLs are based on noncancerous health effects only and do not consider
carcinogenic effects. MRLs can be derived for acute, intermediate, and chronic duration exposures for
inhalation and oral routes. Appropriate methodology does not exist to develop MRLs for dermal

exposure.
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Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA
1990a), uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges
additional uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.
As an example, acute inhalation MRLs may not be protective for health effects that are delayed in
development or are acquired following repeated acute insults, such as hypersensitivity reactions,
asthma, or chronic bronchitis. As these kinds of health effects data become available and methods to

assess levels of significant human exposure improve, these MRLs will be revised.

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

2.2.1 Inhalation Exposure

Information regarding health effects following inhalation exposure to mirex or chlordecone is limited.
No data on health effects resulting from inhalation exposure to mirex were located. Health effects data
on chlordecone resulting from inhalation exposure are limited to information on a single group of 133
men exposed to chlordecone at a facility in Hopewell, Virginia, where chlordecone was manufactured
over a period of 21-22 months (Cannon et al. 1978; Guzelian 1982a; Guzelian et al. 1980; Martinez et
al. 1978; Sanbom et al. 1979; Taylor 1982, 1985; Taylor et al. 1978). Hygiene conditions at the plant
were extremely poor, and substantial inhalation, dermal, and even oral exposures could have occurred.
Because of uncertainties regarding exposure levels at the facility, possible contribution of exposure by
the various routes, and concomitant exposure to the precursor used to manufacture chlordecone
(hexachlorocyclopentadiene), no NOAELS or LOAELSs could be established following inhalation

exposure for the effects described below.

2.2.1.1 Death

No studies were located regarding death in humans following inhalation exposure to mirex. No deaths
were reported to result from exposure to chlordecone (Cannon et al. 1978; Taylor et al. 1978).
No studies were located regarding death in animals following inhalation exposure to mirex or

chlordecone.
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2.2.1.2 Systemic Effects

No studies were located regarding gastrointestinal, hematological, renal or endocrine effects in humans
or animals following inhalation exposure to mirex or chlordecone. The systemic effects observed after

inhalation exposure are discussed below.

Respiratory Effects. No studies were located regarding respiratory effects in humans following
inhalation exposure to mirex. Thirty-two of 133 workers examined for toxicity following intermediateor
chronic-duration inhalation exposures (exact duration periods unknown) at a chlordecone-manufacturing
facility reported experiencing pleuritic chest pains (Cannon et al. 1978); among 23 workers with blood
levels in excess of 2 ug/L, 18 reported pleuritic chest pains. Further examination of these workers did not
reveal any dyspnea, and chest x-rays revealed no lung pathology (Taylor 1982, 1985). Therefore, the
significance of the chest pains is unknown. No studies were located regarding respiratory effects in animals

following inhalation exposure to mirex or chlordecone.

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans
following inhalation exposure to mirex. Electrocardiography of 23 workers with active symptoms of
chlordecone intoxication resulting from intermediate- or chronic-duration inhalation exposures to high
blood concentrations (in excess of 2 pug/L) of chlordecone revealed no adverse effects on the heart

(Taylor 1982, 1985).

No studies were located regarding cardiovascular effects in animals following inhalation exposure to

mirex or chlordecone.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans
following inhalation exposure to mirex. Skeletal muscle biopsies obtained from six workers who had
experienced tremors, muscle weakness, gait ataxia, and incoordination as a result of intermediate- or
chronic-duration inhalation exposures to high concentrations of chlordecone revealed a predominance
of fiber grouping characteristic of myopathic conditions, and a slight increase in lipochrome content
(Martinez et al. 1978). The biological significance of the lipochrome is unknown. It is unclear

whether the myopathy was a direct toxic effect of chlordecone on the muscle or whether the myopathy
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was a consequence of neuronal dysfunction. In addition, arthralgia in the proximal joints was reported
by 4 of 23 workers with active symptoms of chlordecone intoxication (Taylor 1982, 1985). No cause

for the joint pain could be determined.

No studies were located regarding musculoskeletal effects in animals following inhalation exposure to

mirex or chlordecone.

Hepatic Effects. No studies were located regarding hepatic effects in humans following inhalation
exposure to mirex. Mild hepatomegaly (occasionally with splenomegaly) was noted in 9 of 23
workers with blood levels in excess of 2 ng/L, but there were no observed changes in organ function
and only slight increases in serum alkaline phosphatase in several of the men (Taylor 1982, 1985;
Taylor et al. 1978). When liver function and structure in 32 men exposed to high concentrations of
chlordecone while employed for 1-22 months (5.6 months average) in the production of chlordecone
were compared to those of healthy men of the same age, hepatomegaly had occurred in 20 of the 32
exposed workers, with minimal splenomegaly in 10 of these 20 workers (Guzelian et al. 1980). In the
exposed workers, urinary excretion of glucaric acid was significantly increased and the half-life of
antipyrine in the blood was significantly decreased, indicating increased microsomal enzyme activity.
Needle biopsies of hepatic tissue from 12 of the 32 workers showed marked proliferation of smooth
endoplasmic reticulum in several samples. All of these are considered to be adaptive changes.
Limited evidence of hepatic toxicity in these workers included small increases in serum alkaline
phosphatase in 7 of the 32. In addition, liver biopsies showed lipofuscin accumulation in 11 of 12,
mild inflammatory changes in 5 of 12, vacuolization of nuclei in 3 of 12, mild portal fibrosis in 3 of
12, fatty infiltration in 3 of 12, and paracrystalline mitochondrial inclusions in 4 of 12 individuals
tested. Retention of sulfobromophthalein was normal; serum levels of bilirubin, albumin, globulin,
alanine and aspartate aminotransferase activity, and y-glutamyl transferase activity were also normal.
No studies were located regarding hepatic toxicity in animals following inhalation exposure to mirex

or chlordecone.

Dermal Effects. No studies were located regarding dermal effects in humans following inhalation
exposure to mirex. Eighty-nine of the 133 workers interviewed as a result of intermediate- or chronic-
duration inhalation exposures to high concentrations of chlordecone during its manufacture experienced

skin rashes of an erythematous, macropapular nature at some time during their exposure (Cannon et al.
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1978). Among 23 workers with blood chlordecone levels in excess of 2 pg/L, 6 men had rashes
following exposure (Taylor et al. 1978). It is likely that these rashes were the direct result of dermal
exposure. However, insufficient information was given to eliminate a systemic effect resulting from

inhalation exposure.

No studies were located regarding dermal effects in animals following inhalation exposure to mirex or

chlordecone.

Ocular Effects. Vision was blurred in 15 of the 23 workers examined as a result of intermediateor
chronic-duration inhalation exposures to high blood concentrations (in excess of 2 pug/L) of
chlordecone during its production. The effects on vision were characterized by a disruption of ocular
motility following a horizontal saccade by rapid random multidirectional eye movements. Visual
acuity and smooth eye movements were unaffected (Taylor 1982, 1985). The rapid eye movements

were probably due to disturbance of the brain stem.

No studies were located regarding ocular effects in animals following inhalation exposure to mirex or

chlordecone.

Body Weight Effects. No studies were located regarding body weight effects in humans
following inhalation exposure to mirex. Twenty-seven of 133 workers examined as a result of
intermediate- or chronic-duration exposures to chlordecone experienced weight loss (Cannon et al.
1978). Weight loss (up to 60 pounds in 4 months) was reported in 10 of 23 workers with blood
chlordecone levels in excess of 2 pug/L (Taylor et al. 1978).

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans or animals after inhalation

exposure to mirex or chlordecone.

2.2.1.4 Neurological Effects

No studies were located regarding neurological effects in humans following inhalation exposure to

mirex. Sixty-one of 133 workers examined as a result of intermediate- or chronic-duration inhalation
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exposures to high concentrations of chlordecone during its production experienced tremors; 58
experienced nervousness or unfounded anxiety; and 42 experienced visual difficulties (Cannon et al.
1978). Tremors were observed in all 23 workers with blood chlordecone levels in excess of 2 pg/L
(Taylor et al. 1978). The tremors were characterized as intention tremors or as occurring with a fixed
posture against gravity (Taylor 1982, 1985). The tremors were most apparent in the upper extremities
but were also detectable in the lower extremities. In the more severe cases, gait was affected. Mental
disturbances consisting of irritability and poor recent memory were reported by 13 of the 23 workers.
Standard tests of memory and intelligence showed clear evidence of an encephalopathy in 1 of the

13 workers (Taylor 1982, 1985). The worker with encephalopathy reported auditory and visual
hallucinations and demonstrated whole-body myoclonic jerks in response to loud noises. In 15 of the
23 workers, vision was blurred (Taylor 1982, 1985). The effects on vision were characterized as a
disruption of ocular motility following a horizontal saccade by rapid random multidirectional eye
movements (Taylor 1982, 1985). Visual acuity and smooth eye movements were unaffected.
Headaches of mild-to-moderate severity were reported by 9 of the 23 workers. Three of these 9 had
increased cerebrospinal fluid pressure and papilledema (Sanborn et al. 1979; Taylor 1982, 1985).
Nerve conduction velocity tests, electroencephalography, radioisotope brain scans, computerized
tomography, and analyses of cerebral spinal fluid content were normal. Sural nerve biopsies obtained
from 5 workers with detectable tremor, mental disturbances consisting of irritability and poor recent
memory, rapid random eye movements, muscle weakness, gait ataxia, incoordination, or slurred speech
revealed a greatly decreased number of small myelinated and unmyelinated axons (Martinez et al.
1978). Ultrastructural analyses of the nerves showed increased interstitial collagen, redundant folds in
the Schwann cell cytoplasm, and the presence of occasional crystalloid inclusions suggesting that the
chlordecone had a direct toxic effect on the Schwann cell. Examination of 16 of the 23 affected
individuals from 5 to 7 years after cessation of exposure and after body levels of chlordecone had been
substantially reduced showed that 9 were asymptomatic, 5 had persistent tremor or nervousness, and 3

had emotional problems (Taylor 1982, 1985).

No studies were located regarding neurological effects in animals following inhalation exposure to

mirex or chlordecone.
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2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to mirex.
The available human data on chlordecone provide qualitative evidence to support the conclusion that
intermediate- or chronic-duration exposures to high concentrations of chlordecone in the workplace
causes oligospermia and decreases sperm motility among male workers (Guzelian 1982a; Taylor 1982,
1985; Taylor et al. 1978). The threshold for abnormally low sperm counts was =l ug chlordecone per
liter of serum, and the number of motile sperm cells increased as the serum chlordecone concentration
decreased (Guzelian 1982a). Despite loss of sperm motility in some of the workers, there were no
reported difficulties with fertility (Taylor 1982, 1985). These studies, however, can only be used as
suggestive evidence of chlordecone-induced male reproductive toxicity because the airborne
concentrations of chlordecone and the frequency of exposure were not quantified, effects on sperm
morphology were not examined, and possible chlordecone exposure via oral and dermal routes may

have occurred.

No studies were located regarding reproductive effects in animals after inhalation exposure to mirex or

chlordecone.

2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to mirex
or chlordecone. Although impaired spermatogenesis among male workers exposed to chlordecone via
inhalation did not affect their fertility (Guzelian 1982a; Taylor 1982, 1985; Taylor et al. 1978), it is
unclear whether abnormalities in their sperm may have resulted in developmental effects in offspring.
No increase in birth defects among offspring conceived after termination of exposure was mentioned

(Taylor 1982, 1985).

No studies were located regarding developmental effects in animals after inhalation exposure to mirex

or chlordecone.
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2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or animals following inhalation

exposure to mirex or chlordecone.

Genotoxicity studies are discussed in Section 2.4.

2.2.1.8 Cancer

No studies were located regarding cancer in humans following inhalation exposure to mirex.
Extremely limited information was located regarding cancer in humans following inhalation exposure
to chlordecone. Liver biopsy samples taken from 12 workers with hepatomegaly resulting from
intermediate- or chronic-duration exposures to high concentrations of chlordecone showed no evidence
of cancer (Guzelian et al. 1980). However, conclusions from this study are limited by the very small

number of workers sampled.

No studies were located regarding cancer in animals after inhalation exposure to mirex or chlordecone.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans following oral exposure to mirex. No deaths were

reported to have occurred from exposure to chlordecone (Cannon et al. 1978; Taylor et al. 1978).

Oral LDs values for mirex obtained in rats have been somewhat variable. In one study, administration
of mirex in corn oil resulted in an LDsq value in females of 365 mg/kg (Gaines and Kimbrough 1970),
whereas in another study, the LDs, values in females and males were 600 and 740 mg/kg, respectively,
after administration in corn oil but in excess of 3,000 mg/kg after administration in peanut oil (Gaines
1969). No explanation for the vehicle effect was given. In male dogs, a single oral dose of

1,250 mg/kg was lethal in 3 of 5 treated animals (Larson et al. 1979a). No deaths were observed in

the dogs following a single oral dose of 1,000 mg/kg. When dosing occurs over several days,

mortality is observed at substantially lower daily doses. Increased mortality in multiple-dose, acute(]
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duration studies has been observed in female rats at doses as low as 50 mg/kg/day (Mehendale et al.
1973). Pregnant rats appear to be somewhat more sensitive to the lethal effect of mirex. Although a
single oral dose of 25 mg/kg resulted in no mortality in nonpregnant females (Mehendale et al. 1973),
16-25% mortality in pregnant rats occurred at doses ranging from 6 to 10 mg/kg/day over a
10-11-day period during gestation (Byrd et al. 1981; Chernoff et al. 1979b; Khera et al. 1976).
Similarly, a 32-36% mortality was observed in rat and mouse pups exposed through the milk during
the first 4 days of lactation at these doses (Chernoff et al. 1979b). Male rats showed approximately
5% mortality at 6 mg/kg/day for 10 days (Khera et al. 1976). Male mice had slightly higher mortality
with 80% mortality following 14 daily doses with 10 mg/kg/day (Fujimori et al. 1983).

In intermediate-duration studies, mortality occurred at only slightly lower doses of mirex than in the
multiple-dose, acute-duration studies in rats, but mice and dogs appeared more sensitive. In rats,
mortality was increased in adult males at doses as low as 5 mg/kg/day for 30 days (Mehendale 1981b);
in adult females at doses as low as 6.2 mg/kg/day for 90 days (Gaines and Kimbrough 1970; Larson et
al. 1979a), and in rat pups at 1.8-2.8 mg/kg/day for the duration of lactation (Gaines and Kimbrough
1970). In mice, 100% mortality occurred following 1.3 mg/kg/day for 60 days, and O-25% mortality
occurred at 0.65 mg/kg/day for 120 days (Ware and Good 1967). In dogs, 50% mortality occurred at
2.5 mg/kg/day for 13 weeks (Larson et al. 1979a), but this value may not be reliable because only 2
dogs/sex/group were tested. In a 2-year study in rats, males exhibited increased mortality at

1.8 mg/kg/day (63% mortality versus 15% mortality in controls), but females exhibited no decrease in
survivol at as much as 7.7 mg/kg/day (NTP 1990). All mice ingesting 3.6 mg/kg/day for 18 months
died prior to termination of the study (mortality in controls was 11%) (Innes et al. 1969), and 20% and
92% mortality occurred in mice ingesting 0.24 and 2.4 mg/kg/day, respectively, for 15 months.
Mortality among controls was less than 10% (Wolfe et al. 1979).

Single-dose oral LDs, values in rats for chlordecone were reported to be 126 mg/kg in females (Larson
et al. 1979b) and between 91.3 (Pryor et al. 1983) and 132 mg/kg (Larson et al. 1979b) in males. The
combined oral LDs, for male and female rats was 125 mg/kg (Gaines 1969). LDs, values for male
rabbits and dogs (sex not specified) were 71 and 250 mg/kg, respectively (Larson et al. 1979b). A
single oral dose of 110 mg/kg resulted in 25% mortality in pregnant mice (Kavlock et al. 1985). No
mortality was observed in male rats at approximately 10 mg/kg/day for 10 days (Simmons et al. 1987),
but mortality in pregnant rats was 19% at 10 mg/kg/day during gestation (Chernoff and Rogers 1976).
Ingestion of 24 mg/kg/day for 5 days during gestation resulted in 19% mortality in pregnant mice
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(Seidenberg et al. 1986). Ingestion of milk from dams given 18 mg/kg/day during the first 4 days of
lactation resulted in 64% mortality in mouse pups (Chernoff et al. 1979b). Ingestion of 25 mg/kg/day
for 12 days resulted in 100% mortality in male mice (Desaiah et al. 1980a).

In intermediate-duration studies in male rats, 40% mortality occurred at 5 mg/kg/day for 5 weeks
(Mehendale 1981b), and 60% mortality occurred at 4.1 mg/kg/day for 15 weeks (Pryor et al. 1983).
In mice of both sexes, at a dose of 7.8 mg/kg/day for up to 12 months, only 1 of 8 adult mice died
whereas 4 of 4 juvenile mice died, indicating a greater sensitivity in immature mice (Huber 1965). All
male mice at 10 mg/kg/day died by day 33 of dosing (Fujimori et al. 1983). Survivol was decreased
in female rats at 1.25 mg/kg/day in a 2-year feeding study (Larson et al. 1979b) and in both male and
female rats at 1.2-1 .3 mg/kg/day in an 80-week feeding study (NCI 1976). Male mice showed
decreased survivol at 2.6 mg/kg/day and above in an 80-week feeding study (NCI 1976).

All LDsg and LOAEL values from each reliable study for death in rats and mice following acute-,
intermediate-, and chronic-duration exposure are recorded for mirex in Table 2-1 and for chlordecone

in Table 2-2, and plotted for mirex in Figure 2-1 and for chlordecone in Figure 2-2.

2.2.2.2 Systemic Effects

The systemic effects observed after oral exposure to mirex and chlordecone are discussed below. The
highest NOAEL values and all LOAEL values from each reliable study for systemic effects in each
species and duration category are recorded for mirex in Table 2-1 and for chlordecone in Table 2-2,

and plotted for mirex in Figure 2-1 and for chlordecone in Figure 2-2.

Respiratory Effects. No studies were located regarding respiratory effects in humans following
oral exposure to mirex. Pleuritic chest pain was reported by 32 of 133 workers employed at a facility
that manufactured chlordecone (Cannon et al. 1978). Among 23 workers with blood chlordecone
levels in excess of 2 ug/L, 18 reported pleuritic chest pains. Further examination of these 18 workers
revealed no dyspnea and chest x-rays were normal (Taylor 1982, 1985; Taylor et al. 1978); thus, the
cause of the chest pains is unknown. Although oral exposures are not normally encountered in
occupational situations, hygiene was particularly poor at this plant and oral exposures were likely.
Therefore, intermediate- and chronic-duration oral exposure to chlordecone cannot be ruled out as a

possible cause for the chest pains.



TABLE 2-1. Levels of Significant Exposure to Mirex - Oral

Exposure/ LOAEL
a Duration/
Keyto Species/  prequency NOAEL Less Serlous Serious
figure  (Strain) (Specific Route) System (mg/kg/day) {mg/kg/day) {mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat Gd7-16 9.5 F (16% mortality in dams) Chemoff et al.
(CD) 10d 1979a
1x/d
(GO)
2 Rat Once 365 (LD50) Gaines and
(Sheman) (GO) Kimbrough 1970
3 Rat Gde-15 6 F (20% mortality in dams) Khera et al. 1976
(Wistar) i0d
1x/d
(GO)
4 Rat 5d 50  (25% mortality in females) Mehendale et al.
(CD-1) 1x/d 1973
{(GO)
5 Mouse 14d 10 M (80% mortality) Fujimori et al. 1983
(ICR) 1x/d
(GO)
6 Dog Once 1,250  (60% mortality) Larson et al. 1979a
(Mongrel) (GO)
Systemic
7 Rat 8d Endocr 17 Baggett et al. 1980
(Sprague- ad lib
Dawley) (F

INODOIAAHOTHO ANV X3dIN

S103443 H1TV3IH ¢

[44



TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/

a . Duration/ LOAEL
Keyto Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

8 Rat 3d Hepatic 50 (impaired biliary Berman et al. 1986
(Sprague- 1x/d excretion of glucuronide
Dawley) (GO) conjugates; increased

bile flow)
9 Rat Gds, Gds-9, Cardio 10 F (significant decrease of Buelke-Sam et al.
(CD) Gd5-14 heart weight; decreased 1983
1, 5, or 10d maternal cardiac output)
1x/d Hepatic 10F (significant increase in
(GO) liver weight)
Bd wt 10 F (35-52% decrease in
maternal weight gain)

10 Rat Gd7-16 Bd Wt 7 9.5  (36% decrease in maternal Chemoff et al.
(CD) 10d weight gain) 1979a

1x/d
(GO)

11 Rat 14 d Hepatic 5 (disruption of liver cord 5  (central or midzonal Davison et al. 1976
(Sprague- ad iib cells; focal stasis) hepatocellular necrosis)

Dawley) (F)

12 Rat 3-7d Hepatic 750  (decreased hepatic Elgin et al. 1990
(Wistar) ad lib glycogen; increased lipid

(F) accumulation)
Bd Wt 750  (16-17% decrease in
body weight gain)

13 Rat Once Hemato 100  (12% increased Ervin and
(Sprague- (GO) hematocrit) Yarbrough 1983
Dawley)

Hepatic 100  (significantly decreased
. hepatic glycogen)
Other 100  (decreased blood
glucose)

S103443 H1V3IH 2
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a DuFl)'ationI LOAEL
Kf_:;yutrc; ?gter: :ﬁ?’ Freqt.xency NOAEL Less Serious Serious
(Specific Route) ~ System (mg/kg/day) (malkg/day) (mg/kg/day) Reference
14 Rat Once Endocr 100 (88% increase in serum Ervin and
(Sprague- (GO) adrenocorticotropic Yarbrough 1985
Dawley) hormone)
15 Rat Once Hepatic 50 (increased bile flow rate) Hewitt et al. 1986a
(Sprague- (GO)
Dawley)
16 Rat 7d Hepatic 2 (two-fold increase in liver Jovanovich et al.
(Wistar) ad lib weight; increased 1987
(F) cholesterol and
triglycerides)
17 Rat 4d Hepatic 1000 F (two-fold increase in liver Jovanovich et al.
(Wistar) F weight and serum 1987
triglycerides; 25%
decrease in liver
glycogen and glucose)
Endocr 1000 F (two-fold increase in
adrenal weight)
Bd Wt 1000 F (30% reduction in body
weight; 77% reduction in
body fat)
Other 1000 F (reduced food intake;
88% reduction in serum
glucose)
18 Rat Once Hepatic 200  (hepatic glycogen Kendall 1979
(Mai-Wistan)  (GO) depletion; periportal
liposis; degeneration of
endoplasmic reticulum)
19 Rat Once Hepatic 10 Klingensmith and
(Sprague- (GO) Mehendale 1983b
Dawley)

S103443 H1TvV3aH 2
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a Duration/ LOAEL
Kfey r Sgtec :eSI Frequency NOAEL Less Serious Serious
igure  (Strain) (Specific Route) ~ System  (ma/kg/day) (mg/kg/day) (mg/kg/day) Reference

20 Rat 72h Hepatic 20  (induction of P450b and Kocarek et al. 1991
(Sprague- Once P450e mRNAs in liver)

Dawley) (GO)

21 Rat 3d Hepatic 50  (suppressed biliary Mehendale 1977¢
(Sprague- 1x/d excretion; increased bile
Dawley) (GO) flow)

22 Rat 1d1x/dor Hepatic 240  (increased serum alanine Mitra et al. 1990
(Sprague- 2x/d aminotransferase)

Dawley) (GO)

23 Rat 3d Hepatic 10  (swollen hepatocytes) Plaa et al. 1987
(Sprague- 1x/d
Dawley) (GO}

Renal 0.5

24 Rat Once Hepatic 5 Robinson and
(Sprague- (GO) Yarbrough 1978a
Dawley) :

Other 5 (decreased blood
glucose)

25 Rat Once Hepatic 100  (decreased hepatic Sunahara and
(Sprague- (GO) glutathione) Chiesa 1992
Dawley)

26 Rat 3d Hepatic 12.5 F (decreased hepatic ion Teo and Vore 1990
(Sprague- 1x/d transport)

Dawley) (GO)

27 Rat 3d Hepatic 50  (decreased biliary Teo and Vore 1991
(Sprague- 1x/d function, decrease bile
Dawley) (GO) flow, decreased

concentration and
secretion of bile acid)

S103443 HITV3H T
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/

LOAEL
a Duration/ ~
Keyto Specles/  Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) ~ System  (maig/day) (mg/kg/day) (mg/kg/day) Reference

28 Rat 14 d Hemato 10 Villeneuve et al.
{Sprague- 1x/d 1977
Dawley) (GO)

Hepatic 1 (significantly increased
relative liver weight;
significantly increased
serum lactic
dehydrogenases)
Hepatic 10 (significant increases in
serum sorbitol
dehydrogenase)
Bd wt 10 (55% decrease in body
weight gains)

29 Rat Once Hepatic 50 (two-fold increase in liver Williams and
(Sprague- (GO) mass) Yarbrough 1983
Dawiley)

Other 20  (increased serum
corticosterone)

30 Mouse 2d Hepatic 30  (elevated serum alanine Fouse and
(C57BL/6) ix/d and aspartate Hodgson 1987

(GO) aminotransferases)

31 Mouse 4d Hepatic 10 25  (decreased hepatic Fujimori et al. 1983
(ICR) ppd64 and glycogen)

58 Other 10 25 (decreased serum
glucose and lactate;
(GO)

decrease free fatty
acids)

S103443 H1TV3H ¢
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/

LOAEL
a . Duration/
Keyto Species/  Frequency NOAEL Less Serious Serious
figure  (Strain) (Specific Route) ~ System  (nq/kg/day) (mg/kg/day) {mg/kg/day) Reference
32 Mouse 14d Bd Wt 10 (>10% decrease in body Fujimori et al. 1983
(ICR) 1x/d weight)
(GO) Other 10 (20% decreased plasma
glucose; decrease food
and water consumption)
33 Mouse Once Hepatic 50  (slight hepatocyte Hewitt et al. 1979
(Swiss- (GO) vacuolization and loss of
Webster) basophilic staining)
Renal 50
Immuno./Lymphor
34 Rat Gd5, 10F (32% decrease in spleen Buelke-Sam et al.
’ (CD) Gds-9, weight) 1983
Gdb5-14
1,5,0r10d
1x/d
(GO)

35

36

Reproductive

Rat Gd 5,
(CD) Gd5-9,
Gd5-14
1,50r10d
1x/d
(GO)
Rat Gd5-14
[CRL-cOBS; Gd6-15
CD(SDY] 10d
1x/d
(GO)

10 (decreased blood flow to
ovaries, uterus, and
fetuses; decreased
ovarian and uterine
weight)

Buelke-Sam et al.
1983

10 F (24-25% mortality in dams) Byrd et al. 1981

S103443 H1TV3H ¢
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TABLE 2-1. Levels of Significant Exposure to

Mirex - Oral (continued)

Exposure/

a . Duration/ LOAEL
Kt_fyutro Ssptec;esl Frequency NOAEL Less Serlous Serious
gure  (Staln) (specific Route) ~ SYStem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
37 Rat Gds5-14 10 (>30% decreased dam Byrd et al. 1981
(CRL-coBS Gd6-15 body weight; >20%
CD(SD)) 10d decreased gravid uterine
1x/d weight)
(GO)
38 Rat Gds.5- 15.5 7 10  (decreased number of litters) Grabowski and
{Long- Gd6.5- 15.5 Payne 1980
Evans) 8dori10d
1x/d
(GO)
39 Rat Gd6-15 12.56  (pregnancy failure in 45%) Khera etal. 1976
(Wistar) 10d
1x/d
(GO)
40 Rat 10d 3 6 (significantly decreased Khera et al. 1976
(Wistar) 1x/d fertility)
(GO)
Developmental
41 Rat Gd5, Gd5-9, 10 (decreased pup viability and Buelke-Sam et al.
(CD) Gd5-14 pup weight; increased 1983
150r10d resorptions, fetal edema)
1x/d
(GO)
42 Rat Gd5-14 10 (>59% fetuses with edema Byrd et al. 1981
(cr.-coss  Gdé-15 and increased prenatal
CD(SD)) 10d mortality)
1x/d
(GO)

S103443 HLTVIH 2
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/

LOAEL
a Duration/
Key to Spec!es/ Frequency Less Serious Serious
figure (Strain) (Specific Route) (mg/kg/day) (mg/kg/day) Reference
43 Rat Gds-14 10 (>20% decreased pup body Byrd et al. 1981
(CRL-coBs Gd6-15 weight)
CD(SD)} i0d
1x/d
(GO)
44 Rat ppdi-4 10 F (35-36% mortality in pups) Chemoff et al.
{Long- 4d 1979a
Evans) 1x/d
(GO)
45 Rat Once 10  (cataracts) Chemoff et al.
(Long- (GO) 1979a
Evans)
46 Rat Gd7-16 7  (delayed ossification; Chemoff et al.
(CD) 10d edematous live fetuses) 1979a
1x/d 9.5  (enlarged cerebral
ventricles; undescended
(GO) testes)
47 Rat Gd8.5- 15.5 6  (36% edematous fetuses)  Grabowski 1981
(Long- 8d
Evans) 1x/d
(GO)
48 Rat Gds.5- 15.5 0.1 F (cardiac arrhythmia) Grabowski 1983a
{Long- or
Evans) Gd15.5-
215
6or7d
1x/d
(GO)

S103443 HIVAH ¢
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a . Duration/ LOAEL
Keyto' Specles/  Frequency NOAEL Less Serious Serious
figure  (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

49 Rat Gds.5- 15.5 5  (first degree heartblock in  Grabowski and
(Long- Gd6.5- 15.5 fetuses) Payne 1980
Evans) 8dori10d

1x/d
(GO)

50 Rat Gd8.5- 15.5 6  (283% stillborn pups; Grabowski and
(Long- 8d dyspnea; cardiac rhythm  Payne 1983a
Evans) 1x/d blockade)

(GO)

51 Rat Gd8.5- 15.5 6  (first degree heart blockin  Grabowski and
(Long- 8d fetuses; 14% increased Payne 1983b
Evans) 1x/d fetal mortality)

(GO)

52 Rat Gds-15 6  (cataracts in 49.6% of Rogers and
(Long- 8d fetuses; 14% fetal mortality Grabowski 1983
Evans) 1x/d on Gd 21)

(GO)

53 Rat ppdi-4 10 (cataracts) Rogers and
(Long- 4d Grabowski 1984
Evans) 1x/d

(GO) 10 (10-20% decrease in pup
weight)

54 Rat Gds-15 6  (decrease in fetal Rogers et al. 1984
(Long- 8d hematocrit and plasma
Evans) 1x/d glucose)

(GO)

55 Rat ppd1-4 5 (neonatal cortical Scotti et al. 1981
(Sherman) 5d degeneration and necrosis

1x/d in lens of eye)
(GO)

INOCOIAHOTHO ANV X3HIN

S103443 H1TV3H ‘2

oe



TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a Duration/ LOAEL
Keyto' Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
56 Mouse Gds-12 7.5  (increased mortality, Chemoff and
(cD-1) 5d decreased pup weight on  Kaviock 1982
1x/d Ld 1 and 3)
(GO)
57 Mouse ppdi-4 6  (32% pup mortality) Chemoff et al.
(€D-1) 4d 1979
1x/d
(GO)
58 Mouse ppdi-4 1.5 3 (cataracts) Chemoff et al.
(cD-1) ad 19792
1x/d 1.6 (11-14% decrease in
(GO) pup weight)
59 Mouse Gds-12 7.5  (56% increased mortality in Gray et al. 1983
(cD-1) 5d pups)
1x/d
(G)
INTERMEDIATE EXPOSURE
Death
60 Rat 90d 6.2 M (L.LDLO) Gaines and
(Sherman)  ad lib Kimbrough 1970
(F)
61 Rat 13 wk 64 (50% mortality in males; Larson et al. 1979a
(Charles ad lib 100% mortality in females)
River) (F)
62 Mouse 15d 10 (100% mortality) Fujimori et al. 1983
(ICR) 1x/d
(GO)

S103443 H1VaH @
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a DuF:ationl LOAEL
Keyto Species/  Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) ~ SYstem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic
63 Rat 15d Hepatic 0.5M (decreased hepatobiliary Bell and Mehendale
(Sprague- ad lib function) 1985
Dawley) (F)
64 Rat 28d Hemato 0.05 Chu et al. 1980a
(Sprague-  adlib
Dawley) (F)
Hepatic 0.05 (fatty degeneration of
liver)
Renal 0.05
Endocr 0.05
Bd Wt 0.05
Other 0.05

S103443 HIV3aH 2
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/

a Duration/

Keyto Species/  Frequency
figure  (Strain) (Specific Route)  System

LOAEL

Less Serious . Serious

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

Reference

65 Rat 28 days Hepatic

(Sprague- (GO)
Dawley)

Endocr

66 Rat 148 d Hemato
(Sprague- ad lib
Dawley) (F)
Endocr

6.2

6.2M

6.2F

6.2M

6.2F

0.25

(>34% increase in liver
weight)

(paniobular ballooning of
hepatocytes,
anisokaryosis and fatty
vacuolation)

(moderate lobular pattern
with perinuclear clear
zone and perivenous
cytoplasmic balooning
with anisokaryosis)
(reduced colloid density
with collapse of follicles,
increased epithelial
height increased in
thyroid gland)

(mild to moderate
increase in epithelial
height and follicular
collapse in thyroid gland)

(colloid density reduction
and thickening of
follicular epithelia in
thyroid)

Chu et al. 1980b

Chu etal. 1981a

S103443 HiVAH 2
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a Du‘:ationl LOAEL
Keyto Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (Specific Route) System (mg/kg/day) (mg/kg/da Reference
y) {mg/kg/day)
67 Rat 28d Hemato 2.5 Chu et al. 1981b
(Sprague-  adlib
Dawley) (F)
Hepatic 0.25 (cytoplasmic
vacuolation, decreased
aggregated basophilia,
anisokaryosis, and
hyperchromicity)
Endocr 0.25  (reduction of colloid in
thyroid)
Other 0256  (decreased serum
glucose)
68 Rat 15d Hepatic 1M (impaired biliary Curtis and Hoyt
(Sprague- ad ib excretion) 1984
Dawley) (F)
Bd Wt 1 5 M (39% decrease in body
weight gain)
69 Rat 15d Hepatic 0.5 Curtis et al. 1981
(Sprague-  adlib
Dawiey) (F)
70 Rat 28d Hepatic 0.5  (disruption of liver cord Davison et al. 1976
(Sprague- ad lib cells; focal bile stasis;
Dawley) F central or midzonal
hepatocellular necrosis)
Bd Wt 5  (17% decrease in body
weight)
71 Rat 166 d Hepatic 0.48 3.1 (bile stasis; decreased Gaines and
(Sherman)  ad lib hepatic glycogen, Kimbrough 1970

(F)

multinucleation)

S$103443 H11V3H ¢
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a Duration/
Keyto' Specles/  Frequency NOAEL Less Serious Serious
ﬁgure (straln) (Speclfic Route) System (mg,kglday) (mg,kgldav) (mg/kg/day) Reference
72 Rat 13 wk Hemato 4 16  (decreased hemoglobin) Larson et al. 1979a
(Charles ad lib
River) (F)
Hepatic 1 4 (hepatocellular
vacuolation)
Renal 64
Bd Wt 16 64  (33-34% decrease in body
weight)
73 Rat <30d Gastro 5 (diarrhea) Mehendale 1981b
(Sprague- ad lib
Dawley) (F)
Hepatic 5 (impaired bitiary
excretion)
74 Rat 15d Hepatic 0.5 Mehendale et al.
(Sprague- adlib 1991
Dawley) (F)
75 Rat 28d Endocr 0.25 2.5 (increased large Singh et al. 1982
(Sprague- ad lib irregularly shape
Dawley) (F) lysosomes in the
thyroid)
76 Rat 28d Endocr 0.25M (dilation of rough Singh et al. 1985
(Sprague- ad lib endoplasmic reticulum
Dawley) " cisternae of thyroid of

weanling rats)

S103443 HLTV3aH ¢
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a Du‘::tion/ LOAEL
Keyto  Species/  Frequency NOAEL Less Serlous Serious
figure (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
77 Rat 28d Hemato 3.756 Yarbrough et al.
(Sprague- ad lib 1981
Dawiley) (F
Hepatic 3.75
Endocr 0.25 2.5M (significantly decreased
serum thyroid T, factor )
25 3.75M (significantly decreased
serum thyroid T, factor )
78 Mouse 15d Hepatic 1.3 Mehendale et al.
(Swiss- ad lib 1989
Webster) (F)
Bd wt 1.3
Other 1.3
79 Dog 13 wk Hemato 0.5 2.5 (increased hematocrit Larson et al. 1979a
{Beagle) ad lib and leukocyte count)
(F) Hepatic 0.5 25  (increased serum
alkaline phosphatase)
Renal 25
Bd Wt 0.5 25  (58-74% decrease in body
weight gain)
80 Gerbil 15d Hepatic 54 Cai and Mehendale
(Mongotian)  ad lib 1990
G
Neurological
81 Rat 148d 2 - (hypoactivity, irritability, Chu et al. 1981a
{Sprague- ad lib and tremors)
Dawley) (F)

S103443 HITV3H 2
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
a Duration/ LOAEL
Keyto  Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (Specific Route) ~ System (malkg/day) (mg/kg/day) (mg/kg/day) Reference

82 Rat 15d 1 5 M (lethargy) Curtis and Hoyt
(Sprague- ad lib 1984
Dawley) (F)

83 Rat NS 5  (decrease in operant Dietz and McMillan
(Zivac- 5-6d/wk behavior) 1979
Miller) 1x/d

(GO)

84 Rat 13 wk 16 64  (hyperexcitability, tremors, Larson et al. 1979a
(Charles ad lib convulsions)
River) (F

85 Rat <30d 5 M (lethargy) Mehendale 1981b
(Sprague-  adlib
Dawley) (F)

86 Rat 61-113d 09 Thorne et al. 1978
(Long- ad lib
Evans) (F)
Reproductive

87 Rat 148 d 0.25 (decreased litter size; Chuetal. 1981a
(Sprague- ad lib decreased mating)
Dawley) (F)

88 Rat 2 gen repro 0.31 1.8 (decreased number of litters) Gaines and

89

(Sherman) ad fib

(F)

Rat 28d
(Sprague- ad lib

Dawley) (F)

3.75  (hypocellularity of the
seminiferous tubules;
testicular degeneration)

Kimbrough 1970

Yarbrough et al.
1981

S103443 HITV3H ¢
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TABLE 2-1. Levels of Significant Exposure to

Mirex - Oral (continued)

Exposure/
a Duration/ LOAEL
ies/
Keyto' Spec Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route)  SYStem  (masg/day) (mg/kg/day) (mg/ka/day) Reference
90 Mouse 120 d 0.65 Ware and Good
(BALB/c) ad lib 1967
(CFW) F
91 Mouse 120 d 0.65 Ware and Good
(BALB/c) ad lib 1967
R
Developmental
92 Rat ppdi-46 1.25  (cataracts, outlined lenses) Chemoff et al.
(CD) 46 d 1979b
ad lib (increased still births;
(F) decreased postnatal
viability)
1.25  (10-19% decrease in
postnatal growth)
93 Rat Gd4- ppd46 125  (decreased postnatal Chernoff et al.
(CD) 68d viability; increased 1979b
ad lib stillbirths, cataracts, and
) outlined lenses)
94 Rat 148 d 0.25  (cataracts in pups) Chuetal. 1981a
(Sprague-  adlib
Dawley) (F)
95 Rat Ld1-21 1.8 (increased mortality in Gaines and
(Sherman)  21d pups, cataracts in pups) Kimbrough 1970
ad lib
F)
96 Rat 2 gen repro 0.31 1.8 (cataracts, decreased live  Gaines and
(Sherman)  ad lib births, increased mortality ~ Kimbrough 1970

(F)

through weaning)

S103443 HLTV3H ¢
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TABLE 2-1. Levels of Significant Exposure to Mirex - Oral (continued)

Exposure/
\ Duration/ LOAEL
Species/ F
'ﬁiey to i requency NOAEL Less Serious Serious
gure  (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Cancer
97 Rat 148 d 0.25  (liver and thyroid lesions in  Chu et al. 1981a
(Sprague- ad lib adults and pups)
Dawley) (F)
CHRONIC EXPOSURE
Death
98 Rat 2yr 1.8  (63% mortality in males) NTP 1990
(F344/N) ad lib
F)
99 Mouse 18 mo 3.8  (100% mortality; 11% in  Innes et al. 1969
(C57BUE6 X  (GF) controls)
C3H/ANF)
(C57BL/6 x
AKR)
Systemic
100 Rat 21 mo Hepatic 0.07  (significant increases in Chu et al 1981¢c
(Sprague- microsomal aniline
Dawley) hydroxylase and
aminopyrine-N-demethyl
ase;hepatic focal biliary
hyperplasia; pericentral
cytoplasmic
vacuolization; lobular
pattern with mild
anisokaryosis)
Endocr 0.07  (degenerative and

proloferative changes in
the follicular epithelium
of thyroid)

S103443 H1V3H ¢
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TABLE 2-1. Levels of Significant Exposure to Mirex Oral (continued)

Exposure/
a Duration/ LOAEL
I%ey to Sg;c :esl Frequency NOAEL Less Serious Serious
gure  (Sain) (gpecific Route) ~ SYstem  (monorday) (mg/kg/day) " (mgikg/day) - Reference
101 Rat 2yr Hepatic 0.0750 0.7  (focal and centrilobular NTP 1990
(F344/N) ad lib necrosis; fatty
(F) metamorphosis; dilation
of sinusoids)
Renal 0.075 0.7  (increased severity of
nephropathy)
Endocr 0.075 0.7  (cystic follicles in thyroid)
102 Rat 2yr Hepatic 3.9 7.7 (focal and centrilobular NTP 1990
(F344/N) ad lib necrosis)
" Renal 3.9 (increased severity of
nephropathy)
Bd wt 3.9 (12-18% decrease in
body weight)
Cancer
103 Rat 2yr 0.7  (CEL - neoplastic nodules in NTP 1990
(F344/N) ad lib liver)
{F)
104 Rat 18 mo 4.9  (CEL - neoplastic nodules in Ulland 1977a
(CD) ad lib liver)

"

ANODO3IAHOTHO ANV X3HIW

S103443 HIVaH ¢

*The number corresponds to entries in Figure 2-1.
®Used to derive a chronic oral minimal risk level (MRL) of 0.0008 mg/kg/day for mirex; dose divided by an uncertainty factor of 100 (10 for extrapolation from
animals to humans, and 10 for human variability).

ad lib = ad libitum; Bd Wt = body weight; Cardio = cardiological; CEL = cancer effect leve!; d = day(s); Endocr = endocrine; F = female; (F) = feed; (G) =

gavage; Gastro = gastrointestinal; Gd = gestation day; gen = generation(s); (GF) = gavage or diet; (GO) = gavage (oil); h = hour(s); Hemato = hematological;
Ld = lactation day(s); LDs, = lethal dose, 50% kill; LDLO = lowest lethal dose; LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s)
NOAEL = no-observed-adverse-effect level, ppd = postpartum day(s); repro = reproductive; T3 = triiodothyronine; wk = week(s); x = time(s); yr = year(s)

;
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Figure 2-1. Levels of Significant Exposure to Mirex — Oral
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Figure 2-1. Levels of Significant Exposure to Mirex — Oral (continued)

Intermediate
(15-364 days)
Systemic
N
ey N >
\\Q \db‘ \6\. Q(b'\ \4@ Q)(‘\\
& < EX ¥ & s
e & &L N > & N < o X Y ¢
/ka/d X0 20 & o & QO N\ ) N N Q O
(mg/kg/day) & £ S & & O S S @ X &t &
(O C e RS <& < Q Ay <& Q ¢
100 -
o O o o
61r 72r 72r 85r
72r 85r
62m » 7(23 O
— r
10 . gor 5 70r 83r 86
72r @ 7or PY o0
60r 8 )
73r 67t O 79 80ey 75 68r 82r
77 > O o e 3ir
77t D 710" 794 ®
r 79d 77r 79d 8ir 92r 96r
66r QO78m Osy @ 00
1 9 O78m 78m 82 89
794 7 r71r 70r 68r m m r rgom 92r 93r 95r
O O gor OO gpr
63r69r 74r 79d 66r67r 76r 79d 67r Q 91m Q
D >0 o ¢
67r 75r 77r 88r 94r 97r
0.1 —
O ® O O O O
64r 64r 64r 64r 64r 64r
Key
. -
0.01 — r Rat B LC50/LD50/LDLO | Minimal risk level for effects
i X other than cancer
m Mouse @ LOAEL for serious effects (animals) A\
d Dog @ LOAEL for less serious effects (animals)
e Gerbil O  NOAEL (animals)
0.001 |— € CEL Cancer effect level
The number next to each point corresponds to entries in Table 2-1.
* Doses represent the lowest dose tested per study that produced a tumorigenic response and do not imply
0.0001 L the existence of a threshold for the cancer end point.

S103443 H1ITV3H ¢

3INOO3IQHOTHO ANV X3dIN

[44



Figure 2-1. Levels of Significant Exposure to Mirex — Oral (continued)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral

Exposure/ LOAEL
Duration/
Key to' Species/ Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) SYSt®M  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat 10d 10  (19% mortality) Chemoff and
(CD) Gd7-16 Rogers 1976
1x/d
(GO)
2 Rat 4d 15 (40% mortality) Chemoff et al.
(Long- 1x/d 1979a
Evans) (GO)
3 Rat Once 132 (LD50 - male) Larson et al. 1979b
(Wistar) (GO)
126  (LDS5O0 - female)
4 Rat Once 91.3  (LD50 - male) Pryor et al. 1983
(Fischer- (GO)
344)
5 Mouse 5d 20 (1 6% mona"ty) Chemoff and
(CD-1) 1x/d Kavlock 1982
Gds-12
(GO)
(ICR) 1x/d
(GO)
7  Mouse Gds 110 (25% mortality) Kavlock et al. 1985
(CD-1) Once
(GO)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/

a Duration/ LOAEL
Keyto' Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (Specific Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

8 Mouse 5d 24 (18% mortality) Seidenberg et al.

(ICR/SIM) 1x/d 1986
Gds-12
(GO)

9 Dog Once 250 (LD50) Larson et al. 1979b
(NS) (GO)

10 Rabbit Once 71 (LD50 - male) Larson et al. 1978b
(Wistar) (GO)

Systemic

11 Rat Once Bd Wt 50 (11% weight loss) Albertson et al.
(Sprague- (GO) 1985
Dawley)

12 Rat 8d Endocr 17 (depletion of epinephrine Baggett et al. 1980
(Sprague- (F) in adrenal medulia)

Dawley)
Bd Wt 17  (depletion of body fat)

13 Rat 10d Bd Wt 2 (15% decrease in body Chemoff and
(CD) Gd7-16 weight gain) Rogers 1976

1x/d
(GO)

14 Rat Once Hepatic 5 Davis and
(Sprague- (GO) Mehendale 1980
Dawley)

15 Rat Once Musc/skei 72-98  (muscle weakness) Egle etal. 1979
(Sprague- (GO)

Dawley)

S103443 H1VaH ¢
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Kfey to Sgtec les/  Frequency NOAEL Less Serlous Serious
igure  (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
16 Rat 10d Hepatic 5 10 (increased serum EPA 1986
(Fischer- 1x/d alkaline phosphatase,
344) (GO) glutamate-pyruvate
transaminase, and
gamma-glutamyl
transferase)
Renal 5 10 (increased blood urea
nitrogen)
Other 5 10 (decreased serum 10 (65% decrease in body
cholesterol and glucose) weight gain)

17 Rat Once Hepatic 15.2 Glende and Lee
(Sprague- (GO) 1985
Dawiey)

18 Rat 5d Hepatic 5 Klingensmith and
(Sprague- (F) Mehendale 1982a
Dawley)

Bd Wt 5

19 Rat 3d Cardio 8.3  (decreased “*Ca-uptake Kodavanti et al.
(Sprague- 1x/d and Ca® ATPase 1990a
Dawley) (GO) activity)

20 Rat 8d Hepatic 10 (decreased biliary Mehendale 1977b
(Sprague- (F) excretion of imipramine;

Dawley) increased bile fiow)

21 Rat 2-3d Musc/skel 10 25  (increased Mg**- ATPase Mishra et al. 1980
(Sprague- 1x/d activity in muscle
Dawley) (GO) sarcoplasmic reticulum)

22 Rat 3d Hepatic 10 Plaa et al. 1987
(Sprague- 1x/d
Daiviey) (GO)

Renal 10

S1O03443 H1OVaH @
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/

a Duration/ LOAEL
Keyto' Specles/  Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) ~ SYstem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

23 Rat 10d Hemato 5 10  (decreased neutrophils) Smialowicz et al.
(Fischer- 1x/d 1985
344) (GO)

Bd Wt 5 10 (19% decrease in body
weight)

24 Rat Once Endocr 35 (increased relative Swanson and
(Sprague- (GO) adrenal weight) Woolley 1982
Dawley)

Bd Wt 75 (12% decrease in body
weight)

Other 35 55  (decrease in colonic
temperature)

25 Rat 3d Hepatic 18.75  (increased bile flow; Teo and Vore 1991
{Sprague- 1x/d decreased bile acid
Dawley) (GO) concentration and

secretory rate)
Bd Wt 18.75

26 Mouse 5d Bd Wt 20  (61% decrease in maternal Chemoff and

(CD-1) 1x/d bodyweight gain) Kaviock 1982
Gds-12
(GO)

27 Mouse 2d Hepatic 30 Fouse and

(C57BL/6) 1x/d Hodgson 1987
(GO)

28 Mouse 4d Hepatic 25  (decreased hepatic Fujimori et al. 1983
(ICR) 1x/d glycogen)

(GO) Other 25  (decreased serum

glucose and lactate)
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TABLE 2-2. Levels of Sign'ificant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Keyto  Specles/  Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) SYStem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

29 Mouse 2-14d Bd Wt 10 (10-15% weight loss) Huang et al. 1980

(ICR) 1x/d
(GO)

30 Mouse 5d Bd Wt 24  (85% decrease in maternal Seidenberg etal.

(ICR) 1x/d weight gain) 1986
Gds-12
(GO)

Immuno./Lymphor

31 Rat 10d 5 10 (decreased spleen and EPA 1986¢c
(Fischer- 1x/d thymus weights,

344) (GO) leukocyte counts,
natural killer cell activity,
and Concanaviin A
responsiveness)

32 Rat 10d 5 10 (decreased relative Smialowicz et al.
(Fischer- 1x/d spleen and thymus 1985
344) (GO) weight; decreased

mitogenic
responsiveness;
decreased natural killer
cell activity)

33 Rat Once 75  (decreased thymus Swanson and
(Sprague- (GO) weight) Woolley 1982
Dawley)

Neurological

34 Rat Once 50 (tremors; splaying of legs)  Albertson et al.
(Sprague- (GO) 1985
Dawley)

S103443 H1TV3H ¢
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Keyto Specles/  Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) ~ SYstem  (mgig/day) (mg/kg/day) (mg/kg/day) Reference

35 Rat Once 100  (mild tremors) Aldous et al. 1984
(Sprague- (GO)
Dawley)

36 Rat 10d 5 10  (mild tremors) Aldous et al. 1984
{Sprague- 1x/d
Dawley) (GO)

37 Rat 8d 17 (tremor, hyperexcitability)  Baggett et al. 1980
(Sprague- F
Dawiley)

38 Rat 2-3d 10 25  (decreased dopamine Desaiah 1985
(Sprague- 1x/d binding and uptake;
Dawley) (GO) decreased

norepinephrine uptake)

39 Rat 10d 2.5  (>20% decreased total Desaiah et al. 1985
(Sprague- 1x/d brain calmodulin}
Dawley) (GO)

40 Rat Once 72-98  (tremors; hyperexcitability; Egle etal. 1979
(Sprague- (GO) abnormal gait)
Dawley)

41 Rat Once 40  (tremors) End et al. 1981
(NS) (G)

42 Rat 10d 1.26b 25 (increased startle EPA 1986¢
(Fischer- 1x/d response)
344) (GO)

43 Rat 3d 25M (decreased 50 M (increased activity; tremor; Jordan et al. 1981
(Sprague-  1x/d Na*-K*ATPase; exaggerated startie
Dawley) (GO) decreased oligomycin response; abnormal gait)

sensitive Mg**ATPase)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Key to Spec:es/ Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) ~ SYSteM  (mo/kg/day) (mg/kg/day) (mg/kg/day) Reference

44 Rat 5d 5  (tremors; exaggerated Klingensmith and
(Sprague- A startle response) Mehendale 1982a
Dawley)

45 Rat 2-3d 25  (tremors) Mishra et al. 1980
(Sprague- ix/d
Dawley) (GO)

46 Rat 10d 5 10 (tremors) Smialowicz et al.
(Fischer- ix/d 1985
344) (GO)

47 Rat Once 35  (tremor; exaggerated startle Swanson and
(Sprague. (GO) response) WOO"ey 1982
Dawley)

48 Mouse 2-4d 25  (severe tremors; motor Chang-Tsui and
(ICR) 1x/d incoordination) Ho 1979

(GO)

49 Mouse 2-3d 50 (decreased dopamine Chang-Tsui and

(ICR) 1x/d and norepinephrine Ho 1980
(GO) uptake; decreased
dopamine binding)

50 Mouse i2d 25  (mild tremors) Desaiah et al.

(ICR) 1x/d 1980b
(GO)

51 Mouse 1-11d 10 (motor incoordination) Fujimori et al.

(ICR) 1x/d 1982b
(GO)

52 Mouse 5dor8d 25  (decreased striatal Fujimori et al. 1986

(ICR) 1x/d dopamine synthesis
(GO) uptake and release)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Keyto' Specles/  Frequency NOAEL Less Serious Serlous
figure  (Strain) (gpecific Route)  SYSteM  (maskg/day) (mg/kg/day) (mg/kg/day) Reference
53 Mouse Once 25 (increased brain calcium Hoskins and Ho
(ICR) (GO) in 6-8 week-olds; 1982
decreased brain calcium
in adults)
54 Mouse 8d 25 (decreased brain 25  (tremors) Hoskins and Ho
(ICR) 1x/d calcium) 1982
(GO)
55 Mouse 4-12d 10 (decreased motor Huang et al. 1980
(ICR) tx/d coordination; tremors)
(GO)
Reproductive
56 Rat Once 55  (decreased ovarian 35  (persistent estrus) Swanson and
(Sprague- (GO) weight) Woolley 1982
Dawley)
57 Mouse 2 wk 2  (induction of persistent Swartz et al. 1988
{CD-1) 5d/wk vaginal estrus, PVE)
ix/d
(GO)
Developmental
58 Rat i0d 2 6 (5% decrease in fetal 10 (increased number of Chemoff and
(CD) Gd7-16 weight; skeletal fetuses with enlarged renal Rogers 1976
1x/d ossification in 5% of pelvis, edema,
(GO) fetuses) undescended testes, or
enlarged cerebral
ventricles)
59 Rat 4d 10 Chemoff et al.
(Long-Evans) 1x/d 1979a
ppdi-4
(GO)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/
Krey to Sg ec:esl Frequency Less Serious Serlous
igure  (Strain) (Specific Route) (mg/kg/day) Reference
60 Rat Gd 7-16 10 (decreased pup survival EPA 1986¢
(Fischer- 1x/d and weight)
344) (GO)
61 Rat 7d 15 (anovulation and persistent Gellert and Wilson
(Sprague-  1x/d vaginal estrus in offspring) 1979
Dawley) Gd14-20
(GO)
62 Mouse 5d 20  (decreased survival and Chemoff and
{(CD-1) 1x/d body weight of pups on Kaviock 1982
Gds-12 ppdi and 3)
(GO)
63 Mouse 10d 12 (increased fetal deaths; Chemoff and
(CD-1) 1x/d increased club foot) Rogers 1976
Gd7-16
(GO)
64 Mouse 4d 18  (64% pup mortality) Chemoff et al.
(CD-1) ppd1-4 1979
1x/d
(GO)
65 Mouse 5d 20  (decreased postnatal Gray et al. 1983
(CD-1) 1x/d viability)
Gds-12
(@)
66 Mouse Once 125  (increased resorptions and  Kavlock et al. 1985
(CD-1) Gds malformations; decreased
(GO) viable litters)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/

LOAEL
a Duration/
"i_ey to ng c:esl Frequency NOAEL Less Serious Serious
igure  (Strain)  gpacific Route)  System (mg/kg/day) (mgfkg/day) (mg/kg/day) Reference
67 Mouse 5d 24  (decreased fetal survival Seidenberg et al.
(ICR) 1x/d and neonatal weight gain; 1986
Gds-12 increased still births)
(GO)
INTERMEDIATE EXPOSURE
Death
68 Rat 30-35d 5  (40% mortality) Mehendale 1981b
(Sprague-  (F)
Dawley)
69 Rat 15 wks 4.1 (60% mortahty dled) Pryor etal. 1983
(Fischer- 5d/wk
344) 1x/d
(GO)
70 Mouse 33d 10  (100% mortality) Fujimori et al. 1983
(ilcR) 1x/d
(GO)
71 Mouse 2-12mo 7.8 (12% mortality in adults; Huber 1965
(BALB/c) (F) 100% mortality in juveniles)
Systemic
72 Rat 15d Hepatic 0.5 (increased bile flow) Agarwal and
(Sprague- (F Mehendale 1984b
Dawley)
73 Rat 105d Endocr 0.3 Al etal. 1982
(Fischer- F
344)
Bd Wt 0.3
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Du':atlon/ LOAEL
Krey to Specles/  Frequency NOAEL Less Serious Serious
igure  (Strain) (Specific Route) ~ System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
74 Rat 3mo Hepatic 1.17  (focal necrosis) Cannon and
(Shermman) (F) Kimbrough 1979
Endocr 117 (reversible hyperplasia of
adrenal cortex;)
Bd Wt 1.17  (13% decrease in body
weight gain)
75 Rat 15d Hepatic 0.5 2.5  (significantly increased Chetty et al. 1993a
(Sprague- (F) serum nonprotein :
Dawley) nitrogen compounds and
enzymes)
Other 5  (decreased serum
triglycerides, LDL and
cholesterol)
76 Rat 28 d Hemato 0.05 Chu et al. 1980a
(Sprague- F
Dawley)
Hepatic 0.05 (focal lymphoid
aggregates; cytoplasmic
ballooning)
Renal 0.05 (eosinophilic inclusions

in proximal tubules)
Bd Wt 0.05

INOOIQYHOTHO ANV X3HINW
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Krey to Sgtec :es/ Frequency NOAEL Less Serious Serious
igure  (Strain) (Specific Route)  System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

77 Rat 15d Hepatic 1M (impaired biliary Curtis and Hoyt
{Sprague- (F) excretion) 1984
Dawiley)

5M (significant increase in

liver weight)

Bd Wt 5M (significantly increased
serum
glutamate-pyruvate
transaminase and
glutamate-oxaloacetate
transaminase)

1 5M (99% decrease in body
weight gain)

78 Rat 15d Hepatic 0.5M (decreased hepatobiliary Curtls and
(Sprague- (F) function) Mehendale 1979
Dawley)

Bd Wt 0.5M 2.5 M (63% decrease in body
weight gain)
Metabolic 2.5M (Inhibition of
Mg*-ATPase activity)

79 Rat 15d Hepatic 0.5  (decreased biliary Curtis et al. 1979
(Sprague- (F) excre!ion, depletion of
Dawley) hepatic glycogen)

80 Rat 15d Hepatic 0.5  (deformed bile canalculi; Curtis et al. 1981
(Sprague- 3] fragmenteq rough
Dawley) endoplasmic reticulum)

81 Rat 15d Hepatic 0.5M (minute vacuolation in Faroon and
(Sprague- (F) hepatocyte cytoplasm) Mehendale 1990
Dawley)

Bd Wt 0.5

S103443 H1TV3IH 2
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a . Du':ationl LOAEL
'g_ley to Sgtec:es/ Frequency NOAEL Less Serious Serious
gure  (Stain)  (gpecific Route)  SYSteM  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

82 Rat 15d Hepatic 0.5  (moderately fragmented Faroon et al. 1991
(Sprague- (F) rough endoplasmic
Dawley) reticulum; cup-shaped

mitochondria)

83 Rat 15dor20d Hepatic 5 Klingensmith and
(Sprague- (F) Mehendale 1982a
Dawiley)

Bd Wt (48-49% decrease in body
weight gain)
Other 5 (36% decrease in
epididymal fat; 7%
decrease in food
consumption)
84 Rat 3mo Cardio 1.25 2.5 (vasodilation) Larson et al. 1979b
(Wistar) (F)
Hemato 4.0
Hepatic 0.5 1.25M (swollen hepatocytes)
Renal 4.0
Endocr 0.5 1.25  (loss of adrenal lipid)
Bd Wt 0.5 125 (decreased body weight
gain)

85 Rat 1yr Cardio 1.25 Larson et al. 1979b
(Wistar) (F)

Hemato 0.5 1.25  (depressed hematocrit
levels)

Hepatic 0.25 0.5 (fatty changes in liver)

Renal 0.05¢ 0.25  (proteinuria and
increased severity of
glomerulosclerosis)

Bd Wt 0.5 1.25  (decrease in body weight

gain)

S103443 HLTV3IH ¢
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/ LOAEL
Kfey to Sgtec :esl Frequency NOAEL Less Serious Serious
igure  (Straln)  (gpecific Route)  System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
86 Rat <135d Hepatic 5M (impaired biliary function) Mehendale 1981b
(Sprague- (F)
Dawley)
Bd Wt 5M (significantly decreased
body weight gain)
87 Rat 15d Hepatic 2.5 (decreased hepatobiliary Mehendale 1990a
(Sprague- (F) fUnCtion)
Dawley)
88 Rat 15d Hepatic 0.5 Mehendale et al.
(Sprague- (F) 1991
Dawley)
89 Rat 15 wks Bd Wt 2.8  (>10% decrease in body Pryor et al. 1983
(Fischer- 5d/wk weight gain)
344) 1x/d
(GO) Other 7.1 (increased body
temperature)
90 Mouse 33d Gastro NS (mild diarrhea) Fujimori et al. 1983
(ICR) 1x/d
(GO) Other 10 (decreased adipose
tissue; decreased
plasma glucose)
91 Mouse 2-12mo Hepatic 5.2  (focal necrosis, cellular Huber 1965
(BALBI/c) (F) hypertrophy,
hyperplasia, congestion;
liposphere formation and
decreased numbers of
mitochondria)
Bd Wt 5.2 7.8  (decreased body weight

in juveniles and adults)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a . Duration/
Keyto Species/  Frequency NOAEL Less Serious Serious
figure  (Strain) (Specific Route)  System (mg/kg/day) (mg/kg/day) Reference

92 Mouse 15d Hepatic 1.3 Mehendale et al.
(Swiss- (F) 1989
Webster)

Bd Wt 1.3

93 Gerbil 15d Hepatic 5.4 Cai and Mehendale
{Mongolian)  (F) 1990

94 Gerbil 15d Hepatic 54 Cai and Mehendale
(Mongolian)  (F) 1991b
Neurological

95 Rat 15d 1.25 2.5  (tremors) Agarwal and
(Sprague- F Mehendale 1984c
Dawley)

96 Rat 3mo 1.17  (tremor; hyperactivity; Cannon and
(Sherman) (F) exaggerated startle Kimbrough 1979

response)

97 Rat 15d 1 5  (tremors and Curtis and Hoyt
(Sprague- (F) hypersensitivity to sound 1984
Dawley) and touch)

98 Rat 15d 25 7.5 M (tremors; hyperexcitability)  Curtis and
(Sprague- (F) Mehendale 1979
Dawiey)

99 Rat 90d 1 (decrease in operant Dietz and McMillan
(Zivac- 5-6d/wk behavior; tremors) 1979
Miller) 1x/d

(GO)

100 Rat 15d or 20d 5 M (progressively increased Klingensmith and
(Sprague- (3] constant tremors) Mehendale 1982a
Dawley)

S103443 H1V3H ¢
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Duration/
Keyto' Specles/  Frequency NOAEL Less Serious Serious
figure  (Strain) (Specific Route) ~ System  (an0/day) (mg/kg/day) Reference
101 Rat 3 mo 0.5 1.25  (tremor) Larson et al. 1979b
(Wistar) (F)
102 Rat 90d 0.26 0.83  (hyperexcitability; mild Linder et al. 1983
' (Sprague-  (F) tremors)
Dawley)
103 Rat 35d 5  (tremors, hyperactivity, Mehendale 1981b
(Sprague- (F) exaggerated startle
Dawley) response)
104 Rat i6d 2.5  (tremors; hypersensitivity ~ Mehendale et al.
(Sprague- F to noise and stress) 1978b
Dawley)
105 Rat 15 wks 2.8 4.1 (increased startle response) Pryor et al. 1983
(Fischer- 5d/iwk
344) 1x/d
(GO)
106 Rat 90d 0.5 M (exaggerated startle Squibb and Tilson
{Fischer- (F) response) 1982b
344)
107 Mouse 33d 10 (tremors; decreased motor Fujimori et al. 1983
(ICR) 1x/d coordination)
(GO)
108 Mouse 2-12 mo 1.3 3.9 (tremor) Huber 1965
(BALB/c) )
109 Mouse 4 wks 8  (slight tremors; increased  Swartz and
(€D-1) Sd/wk reactivity to noise) Schutzmann 1986
1x/d
(GO)

S103443 H1V3H
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a . Duration/ LOAEL
Keyto' Species/  Frequency NOAEL Less Serious Serious
figure  (Strain) (Specific Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Reproductive
110 Rat 4.5 mo 1.62  (partially reversible Cannon and
(Sherman)  (F) decrease in the number Kimbrough 1979
of litters)
111 Rat 3mo 0.25 0.5 (testicular atrophy) Larson et al. 1979b
(Wistar) (F)
112 Rat 90d 0.26 0.83  (reversible decrease in Linder et al. 1983a
(Sprague- (F) sperm motility and
Dawley) viability; decreased
sperm reserves)
113 Mouse 5 mo 0.65  (36% decrease in second  Good et al. 1965
(BALB/c) (F) litters)
114 Mouse 2-12 mo 5.2  (increased estrus) Huber 1965
(BALB/c) F
115 Mouse 130d 1.3 1.3 (8% decrease in litter size  Huber 1965
(BALB/c) (F) and 19% increase in
pair-days to litter)
3.9 (constant estrus)
116 Mouse 160 d 5.2  (persistent vaginal estrus;  Huber 1965
(BALB/c) F) fre.\I/ers;bIe reproductive
ailure
117 Mouse 4 or 6 wk 2 (increased ovulation; Swartz et al. 1988
(CD-1) 5d/wk persistent vaginal estrus)
1x/d
(GO)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Z
=
Exposure/ m
a Duration/ LOAEL ;:
Keyto Specles/  Frequency NOAEL Less Serious Serious &
ﬁgur e (Straln) (Specific Route) System (mg/kg/day) (mglkglday) (mg/kg/day) Reference g
Developmental §
118 Rat 3mo 117 Cannon and ﬁ
(Sherman) (F) Kimbrough 1979 (2)
m
119 Rat 90 d 1.67 Linder et al. 1983
(Sprague-  (F)
Dawiey)
120 Rat 60 d plus 0.3  (altered serotonin Rosencrans et al.
(Fischer- Gd and turnover and dopamine 1982
344) Ldo-12 levels and response to ,
F stress in offspring) N
T
121 Rat approx 93 d 0.05 F (decreased body weight Squibb and Tilson o
(Fischer- =) at postpartum day 100 in 1982a 5
344) females; increased m
reactivity to 1
apomorphine 5
administration in males) )
0.3 F (increased negative
geotaxis latencies)
122 Mouse 130d 1.3 3.9  (decreased postnatal Huber 1965
(BALB/c) F survival)
CHRONIC EXPOSURE
Death
123 Rat 2yrs 1.25 F (decreased survival) Larson et al. 1979b
(Wistar) (F)
124 Mouse 80 wk 2.6 M (42% mortality; 8% NCI 1976
(BBC3F1) (F) mortality in control males)
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TABLE 2-2. Levels of Significant Exposure to Chlordecone - Oral (continued)

Exposure/
a Du‘:atlon/ LOAEL
Keyto Species/  Frequency NOAEL Less Serlous Serious
figure (Strain) (Specific Route) ~ System (mg/kg/day) (mglkglday) (mg/kg/day) Reference
Systemic
125 Rat 21 mo Hepatic 0.07M (decrease in the hepatic Chu etal. 1981¢c
(Sprague- (GO) microsomal aniline
Dawley) hydroxylase)
M (panlobular cytoplasmic
vacuolation with loss of
basophilia, fatty
infiltration, anisokaryosis
in liver)
Endocr 0.07M (reduction in follicutar
size and colloid density
and increase in epithelial
height in thyroid)
Hemato 0.07
126 Rat 2yr Cardio 1.25 Larson et al. 1979b
(Wistar) (F)
Hemato 0.5 125  (depressed hematocrit
levels)
Hepatic 0.25 0.5 (fatty changes in liver)
Renal 0.054 0.25 (proteinuria and
' increased severity of
glomerulosclerosis)
Bd Wt 05 1.25  (decrease in body weight
gain)
127 Rat 80 wk Hemato 0.4 M (anemia) NC1 1976
{Osbome- (F) 09 F
Mendel)
Hepatic 0.4 M (fatty infiltration and liver
0.9 F degeneration)
Derm 0.4 M (dermatitis)

09F
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TABLE 2-2. Levels of Significant Exposure to Chlordecone Oral (continued)

Exposure/
. Duration/ LOAEL
':i"'y to sm:”l Frequency NOAEL Less Serlous Serious
gure  (Straln) (Specific Route) System (mg/kg/day) (mgh gld ay) (mg/kg/day) Reference

128 Mouse 80 wk Hepatic 26 (hepatocellular NCI 1976
(B6C3F1) (F) hyperplasia)
Neurological

129 Rat 2yrs 0.5 1.25  (tremor) Larson et al. 1979b
(Wistar) (F)

130 Rat 80 wk 0.4  (tremors) NCI 1976
(Osborne- (F)
Mendel)

131 Dog 124-128 wks 0.625 Larson et al. 1979b
{beagle) (F
Cancer

132 Rat 80 wk 1.2 (CEL -hepatocellular NCI 1976
{Osbome- (@) carcinoma)
Mendel)

133 Mouse 80 wk 26  (CEL - hepatocellular NCI1 1976
(B3C6F1) A carcinoma)

*The number corresponds to entries in Figure 2-2.
"Used to derive an acute oral Minimal Risk Level (MRL) of 0.01 mg/kg/day for chlordecone; dose divided by an uncertainty factor of 100 (10 for extrapolation

from animals to humans 10 for human variability).

‘Used to derive an intermediate oral MRL of 0.0005 mg/kg/day for chiordecone; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals

to humans and 10 for human variability).
“Used to derive a chronic oral MRL of 0.0005 mg/kg/day chlordecone; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to

humans and 10 for human variability).

ATPase = adenosinetriphosphatase; Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; con A = concanavalin A; d = day(s); Derm =
dermal; Endocr = endocrine; F = female; (F) = feed; (G) = gavage, not specified; Gastro = gastrointestinal; Gd = gestation day(s), (GO) = gavage (oll;

Hemato = hematological; Ld = lactation day(s); LD,, = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level, M = male; mo = month(s);
Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; NS = not specified; oc = ocular: ppd = post partum day(s); wk = week(s); x = time(s);

yr = year(s)
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Figure 2-2. Levels of Significant Exposure to Chlordecone — Oral (continued)

INOO3AYOTHO ANV X3HIN

Intermediate
(15-364 days)
Systemic
NP
¥ &P X A\ @ &
& & @ ) & 5 &
Y & S Y &
o \& 2° g \ & N < o® S R
(mg/kg/day) & LS L & ) N & & &t
oF s T Q ) < <& Q
100 — -
90m
10 — 7%“ s:g)m ogr @M 1g)m
71m@ 83r 91m 94e 77077t 86 75r889f .100r 103r. 114m 116m
c6r@ 84r O  ®ser @O o >0 30 . 1050 °3 122m
84r 758¢ 93e 78r 83rp91m g3 95r 8 g
69r (] 8rr 84r > ¢ ] ° Oggr 108m 110r 115m  119r
85r 8ar 92m 2ar . 84r74r 897 85r 78r o1r105r 115m @ 122m
1 OO oX O P 000700 Q. 99’01o4rO 0?120m 8 O
B 85r84r 74r 79r 81r 84r 88r ga84r 7g, 92M 95r 97,,1(%1 '108”‘ 111r. 118r
O 30O APPIOBO O 0000 ® 13m 127 q1gr
85r  72r75r 78r 80r 82r085r » O 0) 81r 84r 85r o 106r >0
85r 85r 73r 73r 102r 111r 112r 121r
01 |—
76r 76r 76r 76r
o 0 ®Ossr O J
| 121r
I
| Ke
0.01 | Y —
| r Rat B LCs0/1D50 Minimal risk level for effects
I ) ) | other than cancer
| m Mouse o LOAEL for serious effects (animals) \)
: e Gerbil ® LOAELfor less serious effects (animals)
0.001 |— : d Dog O NOAEL (animals)
Y 4@ CEL Cancer effect level
0.0001 L The number next to each point corresponds to entries in Table 2-2.

S103443 HLV3H 2

59



Figure 2-2. Levels of Significant Exposure to Chlordecone — Oral (continued)
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MIREX AND CHLORDECONE 67
2. HEALTH EFFECTS

No studies were located regarding respiratory effects in animals following oral exposure to mirex.
Extremely lirnited information was located regarding respiratory effects in animals following oral
exposure to chlordecone. Routine histopathological examination of the lungs of rats in both 90-day
and 2-year feeding studies with doses as high as 4 mg/kg/day showed no adverse effects. Also,
routine histopathological examination of the lungs of dogs exposed to doses as high as

0.625 mg/kg/day in a 2-year feeding study showed no effects (Larson et al. 1979b). These studies are
limited in that it is unclear how many lung tissue samples were actually examined, and the dog study
is also limited in that the number of animals used (two/sex/dose) was low. These studies provide no

possible explanation for the pleuritic chest pains experienced by workers exposed to chlordecone.

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans
following oral exposure to mirex. Symptoms associated with the cardiovascular system were not
commonly reported by 133 workers exposed for intermediate or chronic durations to unspecified levels
of chlordecone at a chlordecone-manufacturing facility (Cannon et al. 1978; Taylor 1982, 1985; Taylor
et al. 1978). Furthermore, results of .electrocardiography of 23 workers with active symptoms of
chlordecone intoxication were normal. Although oral exposures are not normally encountered in

occupational situations, hygiene was particularly poor at this plant and oral exposures were likely.

Limited information was located regarding cardiovascular effects of mirex in animals. Changes in
blood flow patterns were seen in pregnant rats given gavage doses of 10 mg/kg/day mirex for varying
periods during pregnancy. In this study, a single oral dose resulted in a decrease in blood flow to the
stomach, while 5 and 10 daily doses resulted in decreased blood flow to other essential internal organs
(lungs, liver, spleen, or kidneys). Five days of exposure also resulted in decreased cardiac output, but
this effect had disappeared by day 10 of exposure. There was also a significant decrease in the heart
weight of the maternal rats (Buelke-Sam et al. 1983). Another study showed that rats given mirex at
100 mg/kg/day by gavage for 3 days experienced a slight inhibition of Na'K ATPase in myocardial
membranes (Desaiah 1980). The biological significance of this effect is unknown. Routine gross and
histopathological analyses of heart tissues obtained from rats at doses as high as 64 mg/kg/day for

13 weeks showed no adverse compound-related effects on the heart (Larson et al. 1979a), but this
study is limited in that the number of heart samples examined was not reported. An increase in
chronic myocarditis at 2.5 and 5 mg/kg/day was reported by Reuber (1977) following a review of
tissue slides from an 18-month rat cancer bioassay, but no control data were presented to support this

conclusion. The conclusions of this independent review are disputed by the onginal authors; the
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conclusions are considered a misrepresentation of the data by the onginal study author (Ulland et al.

1977b).

Available information regarding the cardiovascular effects of chlordecone in animals is also limited.
Acute-duration studies have primarily examined biochemical parameters. For example, gavage doses
of chlordecone (10 mg/kg/day and greater for 3 days) resulted in inhibition of myocardial
Na'K'ATPase in rats (Desaiah 1980). At 25 mg/kg/day and above, inhibition of

mitochondrial mg*"ATPase occurred, and at 50 mg/kg/day decreased norepinephrine and dopamine
binding to myocardial membranes was observed. Similarly, inhibition of calcium uptake, Ca’* ATPase
activity, and protein phosphorylation was observed in rat cardiac sarcoplasmic reticulum following
gavage doses of 8.3 mg/kg/day for 3 days (Kodavanti et al. 1990a). Because of the importance of
calcium regulation in all phases of the cardiac cycle, this could indicate a decrease in cardiac

effectiveness.

Vasodilation of tail vessels has been observed in rats following exposure to 4 mg/kg/day chlordecone
for 90 days (Larson et al. 1979b). The cause of the vasodilation was not investigated but was
suggested to have been associated with altered thermoregulatory mechanism (see Other Systemic

Effects, below).

Routine histopathological analyses of rat heart samples have not shown significant changes following
exposure to 1.25 mg/kg/day chlordecone for 2 years or following exposure of dogs to 0.625 mg/kg/day
for 124-128 weeks (Larson et al. 1979b). However, these studies are limited in that it is unclear how
many heart samples were actually examined. Also, the dog study is limited in that too few dogs were
used (two/sex/dose). Following an independent review of data from a rat cancer bioassay conducted
by the NCI (1976), Reuber (1978a, 1979c¢) reported polyarteritis in male rats orally treated with
chlordecone for 80 weeks. However, arteries were not routinely sectioned in this study so the ongin of

data used by this reviewer to reach this conclusion is unclear.

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans

after oral exposure to mirex or chlordecone.

Limited information was located regarding gastrointestinal effects in animals following oral exposure

to mirex; however, the available data indicate that diarrhea is a relatively common result of high-dose
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mirex exposure. Several acute- and intermediate-duration studies have identified diarrhea in treated
animals, but few of these studies presented sufficient information to derive a LOAEL for this effect.
Diarrhea was identified as a predominant sign in female rats that died during a lo-day gavage study,
but the mirex doses at which this was observed were not specified (6 or 12.5 mg/kg/day) (Khera et al.
1976). Similarly, diarrhea was noted as one of the clinical signs seen in rats after a single gavage
dose, but it was unclear whether this effect occurred at the lowest dose (100 mg/kg) at which clinical
signs were observed (Gaines and Kimbrough 1970). Diarrhea was observed in a dietary study in
which rats were fed a total of 365 mg/kg over 12 days, but the daily dose was not specified (Kendall
1974a). Mild diarrhea was observed in treated rats (5 mg/kg/day) starting on the 8th day of exposure
and continuing over the duration of a 30-day dietary study (Mehendale 1981b). Diarrhea was also
observed in a 90-day gavage study in rats, but the dose (5, 12.5, or 25 mg/kg/day) at which it was
observed was not reported (Dietz and McMillan 1979). Severe diarrhea was reported in mice
following gastric intubation with mirex for up to 15 days, but the report did not state which of the
doses (10, 25, or 50 mg/kg/day) caused this effect. Necropsy showed hemorrhagic intestines,
indicating a gastrointestinal ongin for the diarrhea rather than a neurally mediated response (Fujimori

et al. 1983).

Mild diarrhea has also been observed in a 33-day gavage study in mice exposed to 10 mg/kg/day
chlordecone. However, no effects on stomach or intestines at necropsy (Fujimori et al. 1983).
Likewise, routine histopathological analyses of gastrointestinal tissues (described simply as “gut”) also
showed no compound-related effects in rats after 2 years of exposure at 1.25 mg/kg/day or in dogs
after 124-128 weeks of exposure at 0.625 mg/kg/day (Larson et al. 1979b). Both of these studies are
limited in that it is unclear whether tissues from all exposed animals were examined and the number of

dogs used was too low (two/sex/dose).

Hematological Effects. No studies were located regarding hematological effects in humans after

oral exposure to mirex or chlordecone.

Adverse hematological effects have not been reported to be a prominent feature of mirex toxicity in
animals. However, a few studies in which high doses of mirex were used have shown mild
hematological effects. No effects on standard hematological parameters were observed after 14 days
exposure of male rats to 10 mg/kg/day of mirex (Villeneuve et al. 1977). However, a single oral dose

of 100 mg/kg mirex resulted in a 12% increase in hematocrit in treated rats (Ervin and Yarbrough
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1983). The hematocrit was increased 26-27% in adrenalectomized rats. The significance of this effect
is unclear. Most intermediate-duration studies have shown no effect of mirex on hematological
parameters. No effect on routine hematological parameters occurred in rats at doses as high as

3.75 mg/kg/day for 28 days (Chu et al. 1980a; Yarbrough et al. 1981). In addition, no effect on rats
was seen in a 148-day feeding study at 2 mg/kg/day (Chu et al. 1981a). In contrast, hemoglobin of
rats decreased at 16 mg/kg/day and leukocytes increased at 64 mg/kg/day exposure during a 13-week
study (Larson et al. 1979a). Hematocrit increased at 2.5 mg/kg/day in a male dog that died during a
13-week dietary study (Larson et al. 1979a).

Studies examining the hematological effects of chlordecone in experimental animals have also given
predominantly negative results. In intermediate-duration studies in rats, no effect on any
hematological parameters occurred following 28 days of dietary exposure to 0.05 mg/kg/day (Chu et
al. 1980a) or 90 days of dietary exposure to 4 mg/kg/day (Larson et al. 1979b). Similarly, in chronic-
duration studies, no effects were seen during routine hematology in rats exposed for 2 years at up to
1.25 mg/kg/day or in dogs exposed for 124-128 weeks up to 0.625 mg/kg/day (Larson et al. 1979b).
Although anemia was reported in rats during an 80-week dietary study (Reuber 1978a, 1979¢) based
on a review of the study conducted by NCI (1976), the onginal pathology review of the study did not
include any incidence of anemia among the treated rats. Thus, the interpretation of data used by this

reviewer for drawing a conclusion is unclear.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans
following oral exposure to mirex. Skeletal muscle biopsies obtained from six workers who

experienced tremors, muscle weakness, gait ataxia, and incoordination resulting from intermediate- or
chronic-duration exposure to high levels of chlordecone revealed a predominance of fiber grouping,
characteristic of myopathic conditions, and a slight increase in lipochrome content (Martinez et al.
1978). The biological significance of the lipochrome is unknown. In addition, arthralgia in the
proximal joints was experienced by 4 of 23 workers with active symptoms of chlordecone intoxication
(Taylor 1982, 1985). No cause for the joint pain could be determined. Although oral exposure is not
generally considered to be significant in occupational exposure situations, hygiene at the plant at which

these men were employed was extremely poor and oral exposures were considered to be likely.

No studies were located regarding musculoskeletal effects in animals after oral exposure to mirex.

Studies examining the effects of acute-duration oral exposure to large amounts of chlordecone suggest
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that direct toxic effects of chlordecone on muscle occur. However, chronic exposure of rats and dogs
to chlordecone revealed no adverse effects on the skeletal muscles. A single gavage dose of between
72 and 98 mg/kg of chlordecone resulted in increasing muscle weakness in treated rats (Egle et al.
1979). Weakness was observed on the first day of treatment and continued to increase throughout a
49-day observation period. Following 2-3 days of oral exposure (25 and 50 mg/kg/day), inhibition
of mg2+ATPase was observed in sarcoplasmic reticulum of treated rats (Mishra et al. 1980). It is
unclear whether this inhibition contributed to the muscle weakness observed by Egle et al. (1979). In
longer duration, lower-dose studies, no effect was observed during routine histopathological analyses
of skeletal muscle. For example, no compound-related effects were reported following routine
histopathological analysis of skeletal muscle from rats exposed to doses of chlordecone as high as

4 mg/kg/day for 90 days or 1.25 mg/kg/day for 2 years, or from dogs after 124-128 weeks of
exposure to doses as high as 0.625 mg/kg/day (Larson et al. 1979b).

Hepatic Effects. Hepatic changes were observed in one chronic human exposure to mirex, as well
as in a number of workers exposed to chlordecone for intermediate or chronic durations. In the mirex
study, human subjects (sex and number not specified) from a chronically exposed cohort from
southeast Ohio (route of exposure not specified, assumed to be oral) were assessed for cytochrome
P-4501A2 induction using a breath test that measures caffeine metabolism. The subjects exposed to
mirex had elevated caffeine metabolism as compared to negative control individuals (subjects with no
known exposure to polyhalogenated biphenyls or other related chemicals) in which the metabolism did
not increase (Lambert et al. 1992). In the chlordecone study, liver function and structure in 32 men
exposed to high levels of chlordecone while employed for 1-22 months (5.6 months average) in the
production of chlordecone were compared to those of healthy men of the same age. Although oral
exposures are generally not considered to be significant in occupational situations, hygiene conditions
at this plant were extremely poor and accidental ingestion of the chlordecone was considered to have
been likely. Hepatomegaly occurred in 20 of the 32 exposed workers, with minimal splenomegaly in
10 of these. Urinary excretion of glucaric acid was significantly increased, and the half-life of
antipyrine in the blood was significantly decreased in exposed workers, indicating increased
microsomal enzyme activity. Needle biopsies of hepatic tissues from 12 of the 32 workers showed
marked proliferation of smooth endoplasmic reticulum in several samples. These are considered to be
adaptive changes. Limited evidence of hepatic toxicity in these workers included small increases in
serum alkaline phosphatase in 7 of the 32. In addition, liver biopsies showed lipofuscin accumulation

in 11 of 12, mild inflammatory changes in 5 of 12, vacuolization of nuclei in 3 of 12, mild portal
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fibrosis in 3 of 12, fatty infiltration in 3 of 12, and paracrystalline mitochondrial inclusions in 4 of 12.
Retention of sulfobromophthalein was normal; serum levels of bilirubin, albumin, globulin, alanine and
aspartate aminotransferase activity, and y-glutamyl transferase activity were also normal (Guzelian et

al. 1980).

The hepatic effects of mirex have been well characterized in experimental animals. The changes
observed in livers include both adaptive and toxic effects. The adaptive effects observed are those
generally produced by halogenated hydrocarbons; these include increase in liver weight or size (Abston
and Yarbrough 1976; Byard et al. 1975; Chadwick et al. 1977; Chambers and Trevethan 1983; Chu et
al. 1980b, 1981a, 1981b; Curtis and Hoyt 1984; Davison et al. 1976; Elgin et al. 1990; Ervin and
Yarbrough 1983; Fujimori et al. 1983; Fulfs et al. 1977; Gaines and Kimbrough 1970; Hewitt et al.
1979; Jovanovich et al. 1987; Karl and Yarbrough 1984; Larson et al. 1979a; Mehendale 1981b;
Mehendale et al. 1973; Pittz et al. 1979; Plaa et al. 1987; Purushotham et al. 1988; Ritchie and Ho
1982; Robacker et al. 1981; Robinson and Yarbrough 1978a, 1978c; Teo and Vore 1991; Thottassery
and Yarbrough 1991; Villeneuve et al. 1977; Warren et al. 1978; Williams and Yarbrough 1983;
Wilson and Yarbrough 1988; Yarbrough et al. 1981, 1984, 1986a, 1986b, 1992). Other effects
observed include hepatocellular hypertrophy (Davison et al. 1976; Fulfs et al. 1977; Gaines and
Kimbrough 1970; Ulland et al. 1977a; Yarbrough et al. 1981), cytoplasmic eosinophilia with migration
of basophilic granules (Chu et al. 1981a; NTP 1990; Yarbrough et al. 198 1), an increase in the smooth
endoplasmic reticulum (Baker et al. 1972; Curtis et al. 1981; Davison et al. 1976; Fulfs et al. 1977,
Gaines and Kimbrough 1970; Mehendale et al. 1989), an increase in microsomal protein (Chambers
and Trevethan 1983; Davison et al. 1976; Elgin et al. 1990; Karl and Yarbrough 1984; Klingensmith
and Mehendale 1983b; Pittz et al. 1979; Villeneuve et al. 1977; Yarbrough et al. 1981, 1986a), an
increase in cytochrome P-450 content (Baker et al. 1972; Chambers and Trevethan 1983; Cianflone et
al. 1980; Curtis et al. 1981; Davison et al. 1976; Fujimori et al. 1983; Iverson 1976; Klingensmith and
Mehendale 1983b; Kocarek et al. 1991; Peppriell 1981; Robacker et al. 1981; Robinson and
Yarbrough 1978a; Yarbrough et al. 1981, 1986a), and an increase in NADPH,-cytochrome c reductase
(Chambers and Trevethan 1983; Fujimori et al. 1983; Robacker et al. 1981; Yarbrough et al. 1986a),
accompanied or unaccompanied by an increase in microsomal enzyme activity (Byard et al. 1975;
Chadwick et al. 1977; Chambers and Trevethan 1983; Chu et al. 1981a, 1981b; Cianflone et al. 1980;
Curtis et al. 1981; Fabacher and Hodgson 1976; Iverson 1976; Mehendale et al. 1973; Robacker et al.
1981; Stevens et al. 1979; Villeneuve et al. 1977; Warren et al. 1978; Yarbrough et al. 1981, 1986a).
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In addition to the adaptive effects described above, marked hepatic toxicity has been observed after
acute-duration oral exposure of animals to mirex. The primary form of hepatotoxicity observed in rats
after acute-duration oral exposures is hepatobiliary toxicity (Berman et al. 1986; Davison et al. 1976;
Hewitt et al. 1986a; Mehendale 1976, 1977¢c, 1979; Teo and Vore 1991). Administration of mirex by
gavage at 50 mg/kg/day for 3-5 days resulted in inhibition of the excretion of morphine glucuronide
(Berman et al. 1986), production of polar imipramine metabolites (Berman et al. 1986; Mehendale
1977c¢), chlorinated biphenyl metabolites (Mehendale 1976). It also caused a decrease in taurocholate
extraction from the blood and excretion in the bile (Teo and Vore 1991), and decreased
sulfobromophthalein clearance (Mehendale 1977c¢). These decreases in hepatobiliary excretion
generally occurred in the presence of increased bile flow (Berman et al. 1986; Curtis and Mehendale
1979; Dahlstrbm-King et al. 1992; Hewitt et al. 1986a; Mehendale 1977c, 1979, 1981b; Teo and Vore
1991), but the decrease in taurocholate transfer to the bile was observed in the presence of decreased
bile flow (Teo and Vore 1991). Decreased uptake of substances into rat hepatocytes was observed
after gavage dosing with 12.5 mg/kg/day and above for 3 days, suggesting that transport of substances
into hepatocytes may contribute to the decrease in their biliary excretion (Teo and Vore 1990). If
mirex was given to rats in the diet for 14 days, focal bile stasis was observed at 5 mg/kg/day (Davison
et al. 1976). Other hepatic effects observed after 14 days of dietary exposure at 5 mg/kg/day included
hepatocyte swelling, liver cord cell disruption, and necrosis of central or midzonal hepatocytes
(Davison et al. 1976). Other evidence of generalized hepatic toxicity includes: (1) increases in serum
alanine and/or aspartate aminotransferase in mice following gavage doses of 30 mg/kg/day for 2 days
(Fouse and Hodgson 1987), and in rats after 2 doses of 120 mg/kg on a single day (Mitra et al. 1990);
(2) periportal liposis and degeneration of the endoplasmic reticulum after a single oral dose of

200 mg/kg in rats (Kendall 1979); (3) increased hepatic lipids or decreased hepatic glutathione or
glucocorticoid receptors after single oral doses of 100 mg/kg in rats (Ervin and Yarbrough 1983;
Sunahara and Chiesa 1992; Thottassery and Yarbrough 1991); (4) swollen hepatocytes after 3 days of
exposure of rats to 10 mg/kg/day (Plaa et al. 1987); (5) increased hepatic lipid in rats after 7 days of
exposure at 2 mg/kg/day; (6) increased serum tnglycerides after 4 days of exposure of rats to

1,000 mg/kg/day (Jovanovich et al. 1987); and (7) increased vacuolization with a loss of basophilic
staining in mice after a single oral dose of 50 mg/kg/day (Hewitt et al. 1979).

Several investigators have observed hepatic glycogen depletion in rats (Ervin and Yarbrough 1983;
Elgin et al. 1990; Jovanovich et al. 1987; Kendall 1974a, 1979) and in mice (Fujimori et al. 1983). In

rats, glycogen depletion occurred after a single gavage dose as low as 100 mg/kg (Ervin and
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Yarbrough 1983). In mice, glycogen depletion occurred following gavage doses of 25 mg/kg/day for
4 days (Fujimori et al. 1983).

Similar toxic effects were observed in laboratory animals after intermediate-duration oral exposure to
mirex, but the doses at which these effects were observed were lower. Impaired biliary excretion was
observed in rats following mirex or chlordecone doses as low as 0.5 mg/kg/day for 1.5 days or

19 mg/kg/day for 3 days (Bell and Mehendale 1985; Curtis and Hoyt 1984; Curtis and Mehendale
1979; Mehendale 1981b; Teo and Vore 1991). In dogs, impaired biliary excretion was observed at a
dose of 2.5 mg/kg/day administered for 13 weeks (Larson et al. 1979a). The dog study is limited in
that too few animals (two/sex/dose) were used, and it is unclear whether dogs at all doses were tested
for hepatobiliary function. In a dietary study, histopathological analyses showed focal bile stasis,
disruption of liver cord cells, and central or midzonal necrosis in rats at 0.5 mg/kg/day for 28 days
(Davison et al. 1976). Decreased hepatic glycogen and bile canalicular degeneration were observed in
this study at 5 mg/kg/day. Twenty-eight-day exposure of rats to mirex also resulted in cytoplasmic
vacuolation, hepatocellular necrosis, and anisokaryosis at 0.25 mg/kg/day; pericentral fatty vacuolation
at 2.5 mg/kg/day (Chu et al. 1981b); and panlobular ballooning of hepatocytes, anisokaryosis, and fatty
vacuolation in males and moderate lobular pattern with perinuclear clear zone and perivenous
cytoplasmic ballooning with anisokaryosis in females at 6.2 mg/kg/day (Chu et al. 1980b).
Cytoplasmic vacuolation, moderately decreased aggregated basophilia, nuclear anisokaryosis, and
hyperchromicity were found in the liver of both sexes of rats dosed at 0.25 mg/kg/day for 28 days
(Chu et al. 1981Db). A similar study found comparable effects after 21 months in both sexes of rats
dosed at 0.07 mg/kg/day (Chu et al. 1981c). Hepatocellular vacuolation was also observed in rats
following exposure to 4 mg/kg/day for 13 weeks (Larson et al. 1979a). Lipid accumulation was
observed in livers of rats exposed to 0.65 mg/kg/day for up to 10 months (Fulfs et al. 1977). Bile
stasis, decreased hepatic glycogen, and hepatocellular vacuolation were observed in rats after dietary
exposure to 1.3-3.1 mg/kg/day for 166 days (Gaines and Kimbrough 1970). These effects were not
observed at doses ranging from 0.21 to 0.48 mg/kg/day (Gaines and Kimbrough 1970).

No data were located regarding the effects of mirex on hepatobiliary function following chronicduration
oral exposure. However, other adverse liver effects have been reported in animals following

chronic oral exposures. In an 18-month dietary study in rats, increased fatty degeneration, cystic
degeneration, necrosis, biliary hyperplasia, and periportal fibrosis were observed at the lowest dose

tested (2.4 mg/kg/day) (Ulland et al. 1977a). F344/N male and female rats fed mirex doses (males =
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0.007, 0.07, 0.7, 1.8, 3.8 mg/kg/day; females = 0.007, 0.08, 0.7, 2.0, 3.9 mg/kg/day) for 2 years
developed histopathological changes, which included hepatocytomegaly with eosinophilic cytoplasm
were observed in males and females at >0.7 mg/kg/day. Fatty metamorphosis (cytoplasmic vacuoles
consistent with intracellular fat accumulation) and necrosis of hepatocytes (focal and centrilobular)
were increased in males and females at >0.7 mg/kg/day. Dilation of the sinusoids (by blood or
proteinaceous material) was observed in males at >0.7 mg/kg/day and in females only at the highest
dose tested (NTP 1990). An MRL of 0.0008 mg/kg/day, based on a LOAEL of 0.075 mg/kg/day for
histopathological evidence of hepatic damage from this study, was derived for chronic-duration oral

exposure to mirex.

Like mirex, chlordecone causes both adaptive and toxic changes in the livers of experimental animals.
Adaptive responses of the liver seen after oral exposure of rats, mice, or gerbils to chlordecone
include: (1) increases in liver size or weight (Cannon and Kimbrough 1979; Chernoff and Rogers
1976; Curtis and Mehendale 1979; EPA 1986¢; Fabacher and Hodgson 1976; Fujimori et al. 1983;
Huber 1965; Larson et al. 1979b; Mehendale 1981b; Mehendale et al. 1977b, 1978b; Purushotham et
al. 1988; Simmons et al. 1987; Swartz and Schutzmann 1986, 1987); (2) increased hepatocellular
hypertrophy (Cannon and Kimbrough 1979); (3) increased smooth endoplasmic reticulum (Curtis et al.
1981; Lockard et al. 1983a, 1983b; Mehendale et al. 1989); (4) increased microsomal protein
(Chambers and Trevethan 1983; Klingensmith and Mehendale 1982b, 1983b; Mehendale et al. 1977b,
1978b); (5) increased cytochrome P-450 content (Agarwal and Mehendale 1984a; Britton et al. 1987;

. Cai and Mehendale 1990; Chambers and Trevethan 1983; Chaudhury and Mehendale 1991; Fabacher
and Hodgson 1976; Fujimori et al. 1983; Kitchin and Brown 1989; Klingensmith and Mehendale
1982b, 1983b; Kocarek et al. 1991; Mehendale et al. 1977b, 1978b); (6) increased NADPH, (]
cytochrome ¢ reductase (Chambers and Trevethan 1983; Fujimori et al. 1983; Mehendale et al. 1977b,
1978b); (7) and/or increased microsomal enzyme activity (Chaudhury and Mehendale 1991; Cianflone
et al. 1980; Curtis et al. 1981; Fabacher and Hodgson 1976; Klingensmith and Mehendale 1982b;
Mehendale et al. 1977b, 1978D).

Impaired biliary excretion in the presence of increased bile flow has been observed in three acuteduration
studies conducted with mirex or chlordecone in rats (Curtis and Mehendale 1979; Mehendale

1977b; Teo and Vore 1991) as well as in two intermediate duration studies (Mehendale 1981b; Curtis
and Mehendale 1979). Administration of 10 mg/kg/day of chlordecone to rats by gavage for 8 days

resulted in decreased biliary excretion of imipramine metabolites and increased bile flow (Mehendale
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1977b). Similarly, administration of 18.75 mg/kg/day to rats for 3 days resulted in decreased bile acid
concentration, decreased bile acid secretion, and increased bile flow (Teo and Vore 1991). In the
intermediate-duration studies, results of the analysis of hepatobiliary function and overt toxicity in
Sprague-Dawley rats dosed with mirex or chlordecone doses of 5 mg/kg/day for 30 or 35 days,
respectively, provided evidence of a correlation between hepatobiliary function (as indicated by
increased bile flow) and overt toxicity (as measured by tremors and diarrhea). Starting on the 8th day
of treatment, rats began showing overt toxicity (diarrhea, tremors, hyperactivity, and exaggerated
startle response to touch and noise) as well as increased biliary flow. Biliary excretion of
intravenously administered phenolphthalein glucuronide was significantly depressed at 10 days and
continued to decrease until exposure was terminated at 30 days (approximately 1/4 of normal at

25 days). Biliary excretion returned to normal by 20 days post-exposure. Total bile flow was increased
throughout the exposure and recovery period (Mehendale 1981b). A similar result was reported for
chlordecone alone at a dose of 0.5 mg/kg/day for 15 days (Curtis and Mehendale 1979). No effects

on hepatocyte uptake of 17B-estradiol glucuronide, taurocholate, or L-alanine were observed at this
dose. Other indicators of hepatic toxicity observed after acute-duration oral exposure included:

(1) increased serum alkaline phosphatase and alanine aminotransferase after exposure of rats to

10 mg/kg/day for 10 days (EPA 1986¢); (2) increased mannitol recovery (indicates decreased
permeability of the canalicular membrane) (Hewitt et al. 1986a) or increased lysosomal fragility
(Hewitt et al. 1990) after a single oral exposure of rats to 50 mg/kg; (3) increased cytoplasmic
vacuolation and decreased basophilic staining of hepatocytes in mice after a single oral dose of

50 mg/kg (Hewitt et al. 1979); and (4) decreased hepatic glycogen in mice after gavage dosing with

25 mg/kg/day for 4 days (Fujimori et al. 1983). Single oral doses of 5 mg/kg in rats were without
effect on hepatobiliary excretion (Davis and Mehendale 1980). Single oral doses of up to 50 mg/kg
were without other adverse effects as determined by histopathological analyses and/or determination of
serum alanine and aspartate aminotransferases (Glende and Lee 1985; Iijima et al. 1983; Klingensmith

and Mehendale 1983b; Plaa et al. 1987).

Significantly increased serum nonprotein nitrogen compounds and enzymes, and decreased serum
tnglycerides and LDL cholesterol were observed in Sprague-Dawley rats following 15 days dietary
exposure to 5 mg/kg/day chlordecone (Chetty et al. 1993a, 1993b). In another study, impaired biliary
function was also observed in intermediate-duration studies with chlordecone in experimental animals,
although conflicting results were obtained regarding LOAELs and NOAELSs for this effect. Although

no effect on biliary excretion or flow was observed in several dietary studies in rats at 0.5 mg/kg/day
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for 15 days (Agarwal and Mehendale 1982, 1983c; Agarwal et al. 1983; Bell and Mehendale 1985;
Curtis and Mehendale 1980), inhibition of biliary excretion of phenolphthalein glucuronide was shown
in a dietary study in rats at 0.5 mg/kg/day for 15 days (Curtis and Mehendale 1979; Curtis et al.
1979b; Mehendale 1981b). In addition, inhibition of exogenous taurocholate excretion was shown in a
dietary study in rats at 1 mg/kg/day for 1.5 days (Curtis and Hoyt 1984). Also, ultrastructural analysis
showed that bile canaliculi from rats exposed at 0.5 mg/kg/day for 15 days appeared tortuous and
contained deformed and swollen microvilli (Curtis et al. 1981). Inhibition of phenolphthalein
glucuronide was observed in rats following ingestion of 2.5 mg/kg/day for 15 days (Mehendale
1990a), 5 mg/kg/day for up to 35 days (Mehendale 1981b), and 7.5 mg/kg/day for 15 days (Curtis and
Mehendale 1979). Increased bile flow was also observed by Mehendale (1981b) and Curtis and
Mehendale (1979). Other evidence of hepatotoxicity seen in intermediate-duration studies in rats
included increased incidences of swollen hepatocytes following ingestion of 1.25 mg/kg/day for

90 days (Larson et al. 1979b); areas of focal necrosis at 1.17 mg/kg/day for 90 days (Cannon and
Kimbrough 1979); depletion of hepatic glycogen (Curtis et al. 1979b); and fragmentation of and/or a
decrease in rough endoplasmic reticulum (Curtis et al. 1981; Faroon et al. 1991), or minute
vacuolation of the cytoplasm (Faroon and Mehendale 1990) in rats at 0.5 mg/kg/day for 15 days.
However, similar ultrastructural effects have not been observed in the same strain of rats after 15 days
exposure to 0.5 mg/kg/day chlordecone (Lockard et al. 1983a, 1983b). In mice, ingestion of

5.2 mg/kg/day for up to 12 months resulted in increased incidences of areas of focal necrosis (Huber
1965). Gerbils had no increase in serum alanine or aspartate aminotransferase and no increase in
adverse histopathological findings following ingestion of 1 mg/kg/day for 15 days (Cai and Mehendale
1991b). In another intermediate-duration rat study, 10 male weanling Sprague-Dawley rats were fed
diets containing either corn oil or chlordecone dissolved in corn oil for 28 days, and then sacrificed.
There were mild histological changes in the liver, consisting of multiple focal lymphoid aggregates,
perivenous cytoplasmic ballooning, and perinuclear halos in the portal area in the treated rats. The

livers from 5 rats contained average chlordecone levels of 6.1 ppm (Chu et al. 1980a).

Limited information is available regarding hepatotoxicity of chlordecone following chronic-duration
oral exposures. A 21-month study in Sprague-Dawley rats reported a decrease in hepatic microsomal
aniline hydroxylase activity at a dose of 0.07 mg/kg/day. Histopathological findings in this study
included panlobular cytoplasmic vacuolation with loss of basophilia, fatty infiltration, and
anisokaryosis in liver (Chu et al. 1981c). A National Cancer Institute (NCI) cancer bioassay showed

fatty infiltration and hepatocellular degeneration in rats at doses as low as 0.4 mg/kg/day for 80 weeks
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(NCI 1976). In B6C3F; mice, an 80-week exposure to 2.6 mg/kg/day of chlordecone resulted in
hepatocellular hyperplasia (NCI 1976). Routine histopathological analyses of livers from rats exposed
up to 1.25 mg/kg/day for 2 years or dogs exposed at up to 0.625 mg/kg/day for 2 years showed no
increase in adverse compound-related effects (Larson et al. 1979b). Both of these studies are limited
in that it is unclear whether all tissues were examined; in addition, the study in dogs is limited in that

too few animals were tested (two/sex/dose).

Renal Effects. No studies were located regarding renal effects in humans after oral exposure to

mirex or chlordecone.

Animal studies indicate that acute- and intermediate-duration exposures to mirex are without
significant renal toxicity but that chronic-duration exposure to low levels of mirex may result in toxic
effects on the kidneys. No effect on rat kidney weight or blood urea nitrogen and no adverse
histopathological findings were reported following a single oral dose of 50 mg/kg or 3 daily doses of
10 mg/kg/day (Plaa et al. 1987). Similarly, no effect on kidney weight, blood urea nitrogen, or ion
exchange in the kidneys and no adverse histopathological findings were reported following a single
oral dose of 50 mg/kg in mice (Hewitt et al. 1979). Thirteen-week exposures of rats to doses as high
as 64 mg/kg/day and of dogs to doses as high as 2.5 mg/kg/day caused no increase in adverse
histopathological findings or effects on urinalysis parameters (Larson et al. 1979a). At

0.05 mg/kg/day, 2 of 10 rats were reported to have moderate focal lymphoid aggregates and multiple
focal interstitial mononuclear infiltrates in the kidneys following 28 days of dietary exposure (Chu et
al. 1980a). However, the significance of these findings is limited by the low number of animals with
these findings and the use of only a single dose, precluding determination of the presence or absence
of a dose-response relationship. As indicated above, chronic-duration studies have shown increased
nephrotoxicity following exposure to mirex. Nephropathy was observed to increase in severity in both
male and female rats following exposure in a 2-year dietary study (NTP 1990). In males, this effect
was observed at 20.7 mg/kg/day. In females, this effect was observed at 2 mg/kg/day and above.
Similarly, in an independent evaluation of an 1&month rat carcinogenicity bioassay, Reuber (1977)
reported an increased incidence of nephritis in both males and females at 2.5 mg/kg/day and an
increased incidence of renal necrosis in females at >2.5 mg/kg/day. However, the onginal study
author (Ulland et al. 1977b) disputed this interpretation and considers this conclusion a
misrepresentation of the data since the conclusion is not supported by data produced in this study

(Ulland et al. 1977b).
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Like mirex, chlordecone produced observable renal effects following oral exposure primarily in
chronic-duration studies. However, no adverse renal effects were observed after acute exposure.
Although increases in blood urea nitrogen and kidney weight were observed following a lo-day
exposure of rats to 10 mg/kg/day of chlordecone (EPA 1986¢), no effect on rat kidney weight or blood
urea nitrogen, and no adverse histopathological findings were reported following a single oral dose of
50 mg/kg or 3 doses of 10 mg/kg/day (Plaa et al. 1987). Similarly, no effect on kidney weight, blood
urea nitrogen, or ion exchange in the kidneys and no adverse histopathological findings were reported
following a single oral dose of 50 mg/kg in mice (Hewitt et al. 1979). Exposure of rats to up to

4 mg/kg/day for 90 days also resulted in no adverse histopathological findings in the kidneys or in
urinalysis parameters (Agarwal et al. 1983; Larson et al. 1979b). An increase in eosinophilic
inclusions in the proximal tubules was observed in 2 of 10 rats examined following exposure at

0.05 mg/kg/day for 28 days (Chu et al. 1980a). However, the biological significance of this finding is
unknown based on the small number of animals with this lesion and the use of only one dose,
precluding the determination of a dose-response relationship. In contrast to the negative findings
observed in acute-duration studies, renal pathology was observed in rats following intermediate- and
chronic-duration exposures to small doses of chlordecone (Larson et al. 1979b). In a 2-year feeding
study with rats, groups of Wistar rats of both sexes were administered 0, 0.05, 0.25, 0.5, 1.25, 2.5, or
4.0 mg/kg/day for a period of 1 year. After 1 year, 5 rats/sex/dose group were sacrificed.
Additionally, 3 to 5 rats of each sex receiving 0.25 or 0.5 mg/kg/day and 3 males receiving

1.25 mg/kg/day were returned to the control diet for 4 weeks and then sacrificed. Proteinuria was
noted in all treatment groups at all intervals after 3 months except in males at 21 and 24 months when
control levels were elevated and in females at 24 months when the levels in only the 0.5 and

1.25 mg/kg/day groups were elevated. The severity of observed glomerulosclerosis was increased in
both males and females at >0.25 mg/kg/day as compared to undosed controls (Larson et al. 1979b).
Intermediate- and chronic-duration MRLs of 0.0005 mg/kg/day were derived for oral exposure to
chlordecone based on the NOAEL of 0.05 mg/kg/day for histopathological evidence of renal damage
from this study. An independent review of an NTP (1990) mirex bioassay in rats, which reported
nephrotoxicity in the treated animals, concluded that fibrosis of the kidney was more frequent in
chlordecone-treated rats (Reuber 1978a, 1979c¢) but the doses at which this effect was observed were
not reported. However, the onginal pathology review of the study did not include any significant
incidence of renal fibrosis among the treated rats. Thus, the ongin of data used by this reviewer to

reach this conclusion is unclear. Dogs appeared to be less sensitive to chlordecone than rats; no
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increases in urinary protein or adverse histopathological changes were seen in the kidneys of dogs

ingesting 0.625 mg/kg/day for 124-128 weeks (Larson et al. 1979b).

Endocrine Effects.

Thyroid. No studies were located regarding thyroid effects in humans after oral exposure to mirex or

chlordecone.

Studies in rats indicate that mirex is toxic to the thyroid (Chu et al. 1981a, 1981b; NTP 1990; Singh et
al. 1982, 1985). Doses of 0.25 mg/kg/day for 28 days resulted in a reversible reduction in colloid, a
thickening of follicular epithelium, and angular collapse of the follicles, but no effect on serum levels
of T3 or T4 (Chu et al. 1980b, 1981a, 1981b). Ultrastmctural analyses of thyroids from rats treated for
28 days showed dilation of the rough endoplasmic reticulum at 0.25 mg/kg/day and increased
columnar cells with irregularly shaped lysosomal bodies, dilation of cisternae, and increased
vacuolization at 2.5 mg/kg/day (Singh et al. 1982, 1985). Similar effects were observed following
dietary exposure to 0.25 mg/kg/day for 148 days (Chu et al. 1981a) and for 28 days (Chu et al.
1981b). A similar study found comparable effects after 21 months in both sexes of rats dosed at

0.07 mg/kg/day (Chu et al. 1981c). Dietary exposure to 0.7 mg/kg/day and above for 2 years also
resulted in an increase in cystic follicles in male rats (NTP 1990). No studies were located regarding

thyroid effects in animals following oral exposure to chlordecone.

Adrenal No studies were located regarding adrenal effects in humans after oral exposure to mirex or

chlordecone.

Studies in animals indicate that the adrenal gland hypertrophies and releases increased levels of
corticosterone in response to mirex exposure (Ervin and Yarbrough 1985; Jovanovich et al. 1987;
Williams and Yarbrough 1983). Single gavage doses of 20 mg/kg resulted in an increased level of
serum corticosterone in rats (Williams and Yarbrough 1983); 100 mg/kg resulted in increased adrenal
weight, increased cholesterol, lipid, and protein content (Williams and Yarbrough 1983), and increased
serum adrenocorticotropic hormone (Ervin and Yarbrough 1985). Seven days of exposure to

1,000 mg/kg/day also increased adrenal weight in rats (Jovanovich et al. 1987). Consistent with the

ability of corticosterone to mobilize fatty acids for energy, a decrease in body fats was observed in this
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study. No effects on the adrenal medulla were observed following 8-day dietary exposure to

17 mg/kg/day mirex in rats (Baggett et al. 1980).

Less information is available regarding the effects of chlordecone on the adrenal glands of animals.
Increased relative adrenal weight was observed following a single oral dose of 35 mg/kg in rats
(Swanson and Wooley 1982). An enlarged adrenal with hyperplasia and hypertrophy of the cortical
cells was observed in a 30-day dietary study in rats at 1.17 mg/kg/day (Cannon and Kimbrough 1979).
Also, decreased adrenal lipid was observed at 1.25 mg/kg/day in a 90-day dietary study in rats (Larson
et al. 1979b). Consistent with a corticosterone-induced increase in lipid utilization, decreased body fat
was observed following a 16-day dietary exposure at 2.5 or 5 mg/kg/day in rats (Mehendale et al.
1977b, 1978b), 15 or 20 days of dietary exposure at 5 mg/kg/day in rats (Klingensmith and Mehendale
1982a), or 33 days of dietary exposure to 10 mg/kg/day in mice (Fujimori et al. 1983). In contrast to
the absence of effects of mirex on the adrenal medulla, chlordecone at 17 mg/kg/day for 8 days

resulted in a decrease in the medullary content of epinephrine in rats (Baggett et al. 1980).

Dermal Effects. No studies were located regarding dermal effects in humans after oral exposure to
mirex. Eighty-nine of 133 workers interviewed as a result of intermediate- or chronic-duration
exposures to high levels of chlordecone during its manufacture reported skin rashes of an
erythematous, macropapular nature that occurred at some time during their exposure (Cannon et al.
1978). Among 23 workers with blood chlordecone levels above 2 pg/L, 16 reported exposure-related
rashes (Taylor et al. 1978). While it is likely that these rashes were the direct result of dermal
exposure, insufficient information was given to eliminate a systemic effect resulting from oral

exposure.

Hair loss in the very young is the primary dermal effect observed in animals as a result of oral
exposure to mirex. Hair loss was reported in an acute-duration exposure study in which rats were
given a total of 365 mg/kg over a 12-day period (Kendall 1974a), but a LOAEL could not be
determined because the daily dose was not reported. Hair loss was also reported in a 90-day gavage
study in rats (5, 12.5, 25 mg/kg/day) (Dietz and McMillan 1979), but the specific dose associated with
this effect was not specified, precluding determination of LOAEL for this effect.

No effects on the skin were observed during routine histopathological analyses of the skin of rats

exposed to chlordecone for 90 days at doses as high as 4 mg/kg/day or for 2 years at doses as high as
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1.25 mg/kg/day, or in dogs exposed for 124-128 weeks at doses as high as 0.625 mg/kg/day (Larson
et al. 1979b). Increased dermatitis was reported in an 80-week dietary cancer bioassay in rats at doses

as low as 0.4 mg/kg/day (NCI 1976).

Ocular Effects. No studies were located regarding ocular effects in humans after oral exposure to

mirex or chlordecone.

Production of cataracts in the very young was observed in animals as a result of oral exposure to
mirex in an acute-duration exposure study in which rats were given a total of 365 mg/kg over a
12-day period (Kendall 1974a), but a LOAEL could not be determined because the daily dose was not
reported. Cataracts were produced in other newborn rats and mice following early postnatal exposure
(Chernoff et al. 197913; Rogers and Grabowski 1984; Scotti et al. 1981). Cataracts were characterized
as diffuse anterior corneal opacities, and lenses were found to have increased water and sodium
content relative to potassium content (Rogers and Grabowski 1984). Histopathological analyses
showed increased vacuoles, pyknotic nuclei, swollen fibers, and/or degeneration. Cataracts were
produced in newborn rodents that received doses of 5 mg/kg/day mirex by gavage directly (Scotti et
al. 1981) and in those that received the mirex indirectly through the mother’s milk (Chernoff et al.
1979b; Rogers and Grabowski 1984). Administration of mirex directly to the newborn by gavage at

5 mg/kg/day starting on postpartum day 1 resulted in swelling of the lens fibers as early as postpartum
day 7, with degeneration and necrosis of the lenses apparent with increasing duration of exposure
(Scotti et al. 1981). Dietary exposure of maternal animals to doses as low as 1.25 mg/kg/day during
postpartum days 1-4 or to doses as low as 1.8-2.8 mg/kg/day throughout the period of lactation
(Gaines and Kimbrough 1970) also resulted in the production of cataracts in rat pups. Exposure
during the first few days of life appears to be critical to the development of cataracts. A single oral
dose resulted in cataracts only if administered on or before postpartum day 6 and resulted in outlined
lenses if administered on or before postpartum day 8 (Chernoff et al. 1979b). Thus, the very young
represent a population especially susceptible to this effect (see also Section 2.7). Eye irritation was
also reported in a 90-day gavage study in rats (5, 12.5, 25 mg/kg/day), but the specific dose associated
with this effect was not specified, thus, precluding determination of LOAELSs (Dietz and McMillan
1979).

In contrast to the results obtained with mirex, chlordecone was not found to be cataractogenic in the

very young (Chernoff et al. 1979b). Exposure of maternal rats to doses as high as 10 mg/kg/day or
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maternal mice to doses as high as 24 mg/kg/day during the first 4 days of lactation, and the resulting
exposure of the young through the mother’s milk, resulted in no incidences of cataracts among the

offspring of treated dams.

Body Weight Effects. No studies were located regarding effects on body weight in humans after
oral exposure to mirex. Twenty-seven of 133 workers examined as a result of intermediate or chronic-
duration exposures to chlordecone experienced weight loss (Cannon et al. 1978). Weight loss (up to

60 pounds in 4 months) was reported in 10 of these workers (Taylor et al. 1978).

Decreases greater than 10% in body weight or body weight gain have been observed in a number of
acute-duration studies (Buelke-Sam et al. 1983; Byrd et al. 1981; Chadwick et al. 1977; Chernoff et al.
1979a, 1979b; Elgin et al. 1990; Fujimori et al. 1983; Jovanovich et al. 1987; Khera et al. 1976;
Mehendale et al. 1973; Ritchie and Ho 1982; Rogers and Grabowski 1984; Villeneuve et al. 1977),
intermediate-duration studies (Chernoff et al. 1979b; Chu et al. 1981b; Curtis and Hoyt 1984; Davison
et al. 1976; Fujimori et al. 1983; Larson et al. 1979a; NTP 1990), and chronic-duration studies (NTP
1990) with mirex.

Decreases greater than 10% in body weight or body weight gain have also been observed in several
chlordecone acute-duration studies (Albertson et al. 1985; Chernoff and Kavlock 1982; Chernoff and
Rogers 1976; EPA 1986¢; Huang et al. 1980; Kavlock et al. 1987b; Seidenberg et al. 1986; Simmons
et al. 1987; Smialowicz et al. 1985; Swanson and Wooley 1985), intermediate-duration studies
(Cannon and Kimbrough 1979; Curtis and Hoyt 1984; Curtis and Mehendale 1979; Fabacher and
Hodgson 1976; Klingensmith and Mehendale 1982a; Larson et al. 1979b; Mehendale et al. 1977b,
1978b; Pryor et al. 1983), and chronic-duration studies (Larson et al. 1979b). In the report by Larson
et al. (1979b), the decreases in body weight were observed in the presence of increases in food

consumption, indicating a decrease in food utilization efficiency and/or increased stress to the animals.

Other Systemic Effects

Serum Glucose. No studies were located regarding effects on serum glucose in humans after oral

exposure to mirex or chlordecone.
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Serum glucose levels were decreased uniformly in all studies that examined this parameter following
oral exposure of animals to high doses of mirex (Chu et al. 1981b; Ervin and Yarbrough 1983;
Fujimori et al. 1983; Jovanovich et al. 1987; Robinson and Yarbrough 1978a; Williams and Yarbrough
1983; Yarbrough et al. 1981). Decreases were observed following single oral doses as low as 5 mg/kg
in rats (Robinson and Yarbrough 1978a) and dietary doses as low as 0.25 mg/kg/day for 28 days in
rats (Chu et al. 1981b). Reports of chlordecone-induced effects on serum glucose were limited to a
single report of decreased serum glucose in mice exposed for 4 days at doses as low as 25 mg/kg/day

or for 33 days at doses as low as 10 mg/kg/day (Fujimori et al. 1983).

Thermoregulation. No studies were located regarding effects on thermoregulation in humans after

oral exposure to mirex or chlordecone.

Also, no studies were located regarding effects on thermoregulation in animals following oral exposure
to mirex. Chlordecone was shown to cause a decrease in core temperature following ingestion of a
single dose of 55 or 75 mg/kg in rats (Swanson and Wooley 1982). The core temperatures were
depressed for up to 12 days after administration of 75 mg/kg of chlordecone. Slight hyperthermia
occurred after the body temperature recovered. Slight hyperthermia was also observed in rats after

12 weeks of exposure at 7.1 mg/kg/day (Pryor et al. 1983).

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after oral exposure to mirex or

chlordecone.

The only information about the immunological effects of mirex exposure in animals was provided by
one acute oral study in rats in which decreased spleen weight was reported (Buelke-Sam et al. 1983).
Two reports were located regarding effects of chlordecone on immunological end points in rats
following acute exposure. Oral administration of chlordecone in corn oil to male Fischer 344 rats did
not cause dose-related changes in lymphoproliferative responses of splenic lymphocytes to the T-cell
mitogens, phytohemagglutinin or pokeweed mitogen; it did cause decreases in the proliferative
response to the T-cell mitogen, concanavalin A, and the B-cell mitogen, Salmonella typhimurium
mitogen, but only at a dose (10 mg/kg/day for 10 days) that also resulted in impaired overall health of
the rats (EPA 1986c; Smialowicz et al. 1985). Similarly, statistically significant reductions in spleen
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and thymus weights, and in natural killer cell activity of splenocytes against allogeneic (W/Fu-Gl rat
lymphoma) and xenogeneic (Y AK-I mouse lymphoma) tumor cell lines (EPA 1986¢; Smialowicz et
al. 1985), were observed only at a dose (10 mg/kg/day) producing generalized toxicity. Also, a slight
decrease in total leukocyte count (EPA 1986¢) and a 49% decrease in neutrophils (Smialowicz et al.
198.5) were observed at toxic doses. The authors suggested that these effects were associated with the
compromised health status of the animals and were not due to selective toxicity toward the immune
system. The limitations of these studies include lack of information on cell-mediated functions, such
as alloantigen reactivity and cytotoxicity, and on humoral immunity in the treated animals. However,
as part of a study in male Sprague-Dawley rats on the effects of calcium deficiency on the toxicity of
chlordecone, an increase in plaque-forming cells was observed at the lowest dose tested

(0.5 mg/kg/day) (Chetty et al. 1993c).

A significant reduction of thymus weight was also observed in Sprague-Dawley rats 3 weeks after a
single oral dose of 75 mg/kg of chlordecone (Swanson and Wooley 1982). It is likely that this effect

may also have been associated with generalized toxicity in the experimental animals.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans after oral exposure to mirex. Sixty-one
of 133 workers examined as a result of intermediate- or chronic-duration exposures to high levels

of chlordecone during its production experienced tremors; 58 experienced nervousness or unfounded
anxiety; and 42 experienced visual difficulties during exposure (Cannon et al. 1978). While oral
exposures are generally not thought to contribute significantly in occupational exposure situations,
hygiene at the facility was very poor and oral exposures (from food and water) were considered to
have been likely. Tremors were observed in all 23 workers with blood levels >2 pg/L (Taylor et al.
1978). The tremors were characterized as intention tremors or as occurring with a fixed posture
against gravity (Taylor 1982, 1985). The tremors were most apparent in the upper extremities but
were also detectable in the lower extremities. In the more severe cases, gait was affected. Mental
disturbances consisting of irritability and poor recent memory were reported by 13 of the 23 workers.
Standard tests of memory and intelligence showed clear evidence of an encephalopathy in 1 of the 13
workers (Taylor 1982, 1985). The worker with encephalopathy reported auditory and visual
hallucinations and demonstrated whole-body myoclonic jerks in response to loud noises. In 15 of the

23 workers, vision was blurred (Taylor 1982, 1985). The effects on vision were characterized as a
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disruption of ocular motility following a horizontal saccade by rapid random multidirectional eye
movements (Taylor 1982, 1985). Visual acuity and smooth eye movements were unaffected.
Headaches of mild-to-moderate severity were reported by 9 of the 23 workers. Three of these 9 had
increased cerebrospinal fluid pressure and papilledema (Sanbom et al. 1979; Taylor 1982, 1985).
Nerve conduction velocity tests, electroencephalography, radioisotope brain scans, computerized
tomography, and analyses of cerebral spinal fluid content were normal. Sural nerve biopsies obtained
from 5 workers with detectable tremor, mental disturbances consisting of irritability and poor recent
memory, rapid random eye movements, muscle weakness, gait ataxia, incoordination, or slurred speech
revealed a greatly decreased number of small myelinated and unmyelinated axons (Martinez et al.
1978). Ultrastructural analyses of the nerves showed increased interstitial collagen, redundant folds in
the Schwann cell cytoplasm, and the presence of occasional crystalloid inclusions suggesting that
chlordecone had a direct toxic effect on the Schwann cell. Examination of 16 of the 23 affected
individuals from 5 to 7 years after cessation of exposure and after body levels of chlordecone had been
substantially reduced, showed that 9 were asymptomatic, 5 had persistent tremor or nervousness, and 3

reported emotional problems (Taylor 1982, 1985).

Clinical signs indicative of neurotoxicity were not widely reported in animals treated with mirex.
However, a number of studies did note some abnormal behavior following oral administration of
mirex. Following acute-duration exposures of rats to large doses (12.5 to >365 mg/kg) of mirex,
lethargy, weakness, hyperexcitability, and/or tremors have been observed (Gaines and Kimbrough
1970; Kendall 1974a). Although the precise doses associated with specific neurotoxic effects were not
specified in these studies, single oral doses of 100 mg/kg or greater were necessary. Juvenile rats
showed a high sensitivity to acute exposure to mirex immediately after birth. Ingestion of the milk of
dams treated with 2.5 mg/kg/day on lactation days 1-4 caused no behavioral abnormalities at the time
of exposure but resulted in increased activity in the animals when they reached adulthood (Reiter

1977).

Intermediate-duration exposures to mirex generally resulted in lethargy as the predominant clinical sign
at lower exposures and hyperexcitability at higher doses. Lethargy was observed at 5 mg/kg/day

during both 15- and 30-day dietary studies in rats (Curtis and Hoyt 1984; Mehendale 1981Db).
Decreased operant responding was also observed in a 90-day gavage study in rats at 5 mg/kg/day
(Dietz and McMillan 1979). At 10 mg/kg/day, mirex had no effect on motor coordination of mice, but

some mice were observed to become too weak to balance on a glass rod during a 15-day gavage study
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(Fujimori et al. 1983). Dietary exposure to 16 mg/kg/day was observed to have no effect on the
behavior of rats over 13 weeks of exposure, but at 64 mg/kg/day for 13 weeks, rats were observed to
become hyperexcitable and develop tremors and convulsions (Larson et al. 1979a). Similarly, longer-
duration exposures also resulted in increased excitability. Dietary exposure to 2 mg/kg/day for

148 days resulted in hypoactivity, irritability, and tremors in treated rats (Chu et al. 1981a).

In contrast to the limited information regarding the neurotoxicity of mirex, the neurotoxicity of
chlordecone, which included tremoring and/or a time-dependent exaggerated startle response, was
readily apparent in studies with experimental animals. Single oral doses of chlordecone resulted in
increased tremoring and/or an exaggerated response to audio or tactile stimuli (Albertson et al. 1985;
Aldous et al. 1984; Egle et al. 1979; End et al. 1981; Huang et al. 1980; Hwang and Van Woert 1979;
Maier and Costa 1990; Swanson and Wooley 1982). Following single oral doses as low as 3.5 mg/kg
in rats, increased tremoring during handling was observed for up to 1 week following dosing (Swanson
and Wooley 1982). In mice, tremors, decreased motor coordination, and hyperexcitability were
observed following a single oral dose of 10 mg/kg (Huang et al. 1980). In these studies, the tremors
were apparent at earlier times when higher doses were used than when lower doses were used.
Abnormal gait was also apparent after single oral doses of 72-98 mg/kg (Egle et al. 1979). Slightly
lower multiple oral doses given over several days produced increased tremors, exaggerated startle
responses, and/or abnormal gait (Aldous et al. 1984; Baggett et al. 1980; Chang-Tsui and Ho 1979;
Desaiah et al. 1980a; Fujimori et al. 1982b; Hoskins and Ho 1982; Huang et al. 1980; Jordan et al.
1981; Klingensmith and Mehendale 1982b; Mishra et al. 1980; Smialowicz et al. 1985). In rats,
tremors and an exaggerated startle response were observed at doses as low as 5 mg/kg/day over 5 days
(Klingensmith and Mehendale 1982b). An increased startle response without visible tremoring was
observed at doses as low as 2.5 mg/kg/day over 10 days (EPA 1986¢). This study was part of a
toxicity screen performed at EPA in which male Fischer-344 rats received gavage doses of 1.25 or
2.5 mg/kg/day chlordecone for 10 consecutive days. At 2.5 mg/kg/day and above, the amplitude of
the acoustic startle response was significantly increased with all decibel stimuli used. Motor activity
in a figure-8 maze was also decreased at the highest dose tested. At the other 2 doses, the amplitude
was increased with all decibel stimuli. Motor activity in a figure-8 maze was decreased at the highest
dose tested (EPA 1986¢). An acute oral MRL of 0.01 has been developed for chlordecone based on
the NOAEL of 1.25 mg/kg from this study.
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Several acute-duration studies have attempted to correlate the tremoring with underlying neurochemical
changes. However, in many cases it has been difficult to determine whether the effects observed were
causative or the result of other underlying effects. Inhibition of brain Na'K ATPase and mg* ATPases
has been correlated with the onset and diminution of tremoring in both rats and mice (Bansal and
Desaiah 1985; Desaiah et al. 1980a; Jordan et al. 1981). However, other studies have not produced
similar results (Maier and Costa 1990; Mishra et al. 1980). In rats, mixed results have been obtained
regarding changes in norepinephrine and dopamine levels in brains from treated animals. Although
norepinephrine uptake and dopamine uptake and binding were decreased (Chang-Tsui and Ho 1980;
Desaiah 1985) and striatal dopamine synthesis, uptake, and release were inhibited (Fujimori et al.
1986) at tremongenic doses, no effect was observed on norepinephrine or on dopamine content
(Aldous et al. 1984; End et al. 1981) or synthesis (End et al. 1981) at equally tremongenic doses.
Effects on calcium have also been observed in treated rats and mice. Decreased calcium uptake
occurred in rats following a single oral dose of 40 mg/kg (End et al. 1981), and decreased brain
calcium content was observed in adult mice following a single oral dose of 25 mg/kg (Hoskins and Ho
1982). Decreased brain calmodulin was observed in rats at 2.5 mg/kg/day for 10 days (Desaiah et al.
1985).

Tremoring, accompanied or unaccompanied by increased responsiveness to touch and noise, have also
been observed in a number of intermediate-duration studies (Agarwal and Mehendale 1984c¢; Cannon
and Kimbrough 1979; Curtis and Hoyt 1984; Curtis and Mehendale 1979; Dietz and McMillan 1979;
Fujimori et al. 1983; Huber 1965; Klingensmith and Mehendale 1982a; Larson et al. 1979b; Linder et
al. 1983; Mehendale 1981b; Mehendale et al. 1978; Pryor et al. 1983; Squibb and Tilson 1982b;
Swartz and Schutzmann 1986, 1987). Mild tremors were observed in rats at doses as low as

0.83 mg/kg/day for 90 days (Linder et al. 1983). At 0.5 mg/kg/day for 90 days, an increase in the
startle response of rats was observed, but no tremoring or effects on reflexes such as the tail flick
response or the negative geotaxis test were observed, indicating that the startle response may be a
sensitive indicator of chlordecone-induced neuronal function (Squibb and Tilson 1982b).
Chronic-duration studies in rats have also demonstrated increased tremoring. Tremoring was observed
at 1.25 mg/kg/day but not at 0.5 mg/kg/day in a 2-year rat dietary study (Larson et al. 1979b). NCI
(1976) bioassays in mice and rats reported tremoring at 3.0 and 0.4 mg/kg/day, respectively. No
tremors or other behavioral abnormalities were observed in dogs ingesting 0.625 mg/kg/day in a

companion 2-year dietary study (Larson et al. 1979b).
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The highest NOAEL and all LOAEL values from each reliable study for neurological effects in each
species and duration category are recorded for mirex in Table 2-1 and for chlordecone in Table 2-2

and plotted for mirex in Figure 2-1 and for chlordecone in Figure 2-2.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after oral exposure to mirex.
Occupational exposure to chlordecone for up to 1.5 years caused oligospermia and decreased sperm
motility in male workers. However, no loss of fertility was reported by the workers (Guzelian 1982a;

Taylor 1982, 1985; Taylor et al. 1978). Refer to Section 2.2.1.5 for further details.

Studies in animals suggest that both male and female reproductive systems are adversely affected by
mirex. Acute exposure of male rats to 6 mg/kg/day mirex daily for 10 days decreased their fertility
significantly. Although residues of mirex were found in the testes of the 6 mg/kg/day dose-group
males, this did not affect reproduction parameters in subsequent mating trials. The authors attributed
the observed decrease in the incidence of pregnancy in females mated with males in this dose group in
the first trial to a subclinical toxic effect as suggested by reduction in body weight gain in the dosed
males (Khera et al. 1976). Gestational exposure of female rats with higher dosages (12.5 mg/kg/day;
gestation days 6-15) of mirex resulted in increased resorptions and failure of pregnancy in 45% of
dams (Grabowski and Payne 1980; Khera et al. 1976). Gestational exposure of female rats at

10 mg/kg/day for 5 days resulted in decreased ovarian and uterine weights and reduced blood flow to
the ovaries, uterus, and fetuses (Buelke-Sam et al. 1983). This effect was not observed if the duration
of exposure during gestation was shortened to 1 day or lengthened to 10 days; thus, the significance of

this effect is unknown.

In a 28-day dietary study, decreased sperm count was noted in male rats at dosages as low as

0.025 mg/kg/day; testicular degeneration was observed at dosage levels of 2.5 and 3.7 mg/kg/day
(Yarbrough et al. 1981). However, mirex fed to male rats at 1.3-3.1 mg/kg/day for 2 generations
resulted in no decrease in fertility (Gaines and Kimbrough 1970). In contrast, females given

1.8-2.8 mg/kg/day for 2 generations produced a decreased number of litters (Gaines and Kimbrough
1970). Administration of 0.25 mg/kg/day to male and female rats for 91 days prior to mating and then

through lactation resulted in a decreased mating and litter size (Chu et al. 1981a). Male and female

89
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mice at 0.65 mg/kg/day for 30 days prior to mating, and then for an additional 90 days, experienced
reduced fecundity and had reduced litter size and number of offspring (Ware and Good 1967);
however, only one dosage level was tested. Dietary exposure of wild mice to 2.4 mg/kg/day mirex for
15 months inhibited reproduction (Wolfe et al. 1979). However, this study was limited in that few

reproductive parameters were measured and mice of unknown genetic background were used.

Chlordecone also produced reproductive toxicity in both male and female animals. Exposure of male
rats to doses of chlordecone as low as 0.625 mg/kg/day for 10 days resulted in a decreased sperm
count, although at the highest dose tested (10 mg/kg/day) decreased testes weight and an increase in
sperm count was observed (EPA 1986¢). A dominant lethal study, designed to test the effect of oral
mirex doses on male fertility in Sprague-Dawley rats, showed no effect on the fertility of the male
rats. The male rats were mated with naive, nulliparous females each week for 14 consecutive weeks
two days after oral gavage dosing at 11.4 mg/kg/day for 5 days (Simon et al. 1986). Persistent
vaginal estrus was reported in female mice receiving 2 mg/kg chlordecone daily for 2 weeks (Swartz

et al. 1988).

Effects observed after intermediate-duration exposure of male and female mice to chlordecone included
decreased numbers of litters, litter size, and frequency of litter production (Good et al. 1965; Huber
1965). These effects were observed at doses as low as 1.3 mg/kg/day for 130 days (Huber 1965) or
0.65 mg/kg/day for 6 months (Good et al. 1965).

Intermediate- and chronic-duration studies in rodents indicate that decreases in sperm count and
testicular atrophy may result from exposure to chlordecone. Dietary exposure of male rats to

0.83 mg/kg/day and above of chlordecone for 90 days decreased sperm motility and viability; at

1.67 mg/kg/day and above, there was a decrease in the weight of seminal vesicles and prostate (Linder
et al. 1983). Despite these effects, the fertility, litter size, sperm morphology, sperm count, and
histopathology of male gonads were unaffected. Exposure of male rats to 1.17-1.58 mg/kg/day for 4.5
months prior to mating also had no effect on fertility (Cannon and Kimbrough 1979). In mice at

higher doses (5.2 mg/kg/day chlordecone for 160 days), no effect on spermatogenesis occurred, but a
decrease in litter size was observed when treated males were mated with control females (Huber 1965).
In contrast to the absence of adverse histopathological changes reported by Linder et al. (1983),
testicular atrophy has been reported following dietary exposure of rats to 0.5 mg/kg/day of chlordecone
for 90 days (Larson et al. 1979b). It was suggested that the difference in the two studies was due to
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the use of younger males in the study by Larson et al. (1979b), suggesting that adolescent males may

be more susceptible to adverse effects on the gonads.

Intermediate-duration studies with treated females show that exposure to chlordecone may result in
persistent vaginal estrus, decreased ovulation, and reproductive failure. Persistent vaginal estrus was
observed in female mice at doses as low as 2 mg/kg/day for 3-6 weeks (Huber 1965; Swartz and Mall
1989; Swartz et al. 1988). Increased atresia of follicles (Swartz and Mall 1989), decreased ovulation
(Swartz et al. 1988), and small and medium-sized follicles (Swartz and Mall 1989) have been observed
after 4 weeks of exposure to 8 mg/kg/day of chlordecone. Similarly, decreased corpora lutea have
been observed following administration of 3.9 mg/kg/day for 130 days (Huber 1965). Decreased
numbers of litters or complete reproductive failure have been observed after exposure of female rats to

1.62-1.7 1 mg/kg/day for 4.5 months or female mice to 5.2 mg/kg/day for 160 days (Huber 1965).

The highest NOAEL and all LOAEL values from each reliable study for reproductive effects in each
species and duration category are recorded for mirex in Table 2-1 and for chlordecone in Table 2-2

and plotted for mirex in Figure 2-1 and for chlordecone in Figure 2-2.

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans after oral exposure to mirex or

chlordecone.

Exposure of maternal rats and mice to mirex during gestation resulted in increases in resorptions and
stillbirths and decreases in postnatal viability (Buelke-Sam et al. 1983; Byrd et al. 1981; Chernoff and
Kavlock 1982; Chernoff et al. 1979a; Grabowski 1983a; Grabowski and Payne 1980, 1983a, 1983b;
Gray and Kavlock 1984; Gray et al. 1983; Khera et al. 1976; Rogers and Grabowski 1983) at doses as
low as 1.25 mg/kg/day when administered from gestation days 4 through 22. Examination of fetuses

at the end of gestation showed increases in the incidence of edematous fetuses and fetuses with cardiac
arrhythmias (primarily first-degree heart block) (Buelke-Sam et al. 1983; Byrd et al. 1981; Chernoff et
al. 1979a; Grabowski 1981, 1983a; Grabowski and Payne 1980, 1983a, 1983b; Kavlock et al. 1982;
Khera et al. 1976; Rogers and Grabowski 1983). The final trimester appeared to be the most sensitive
period for induction of cardiac dysrhythmias; the incidence was slightly increased at doses as low as

0.1 mg/kg/day during gestation days 15.5-21.5 (Grabowski 1983a). These effects were generally seen
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at lower doses than the increases in mortality. Other visceral anomalies were not widely reported, but
instances of anomalies such as enlarged cerebral ventricles, undescended testes, ectopic gonads,
hydrocephaly, scoliosis, cleft palate, fleshy heart, enlarged atrium, or short tail were reported in a few
studies (Chernoff et al. 1979a; Kavlock et al. 1982; Khera et al. 1976). Additional effects observed in
fetuses included decreased skeletal ossification (Chernoff et al. 1979a), fetal weight (Buelke-Sam et al.
1983; Byrd et al. 1981; Chernoff and Kavlock 1982; Gray and Kavlock 1984; Gray et al. 1983;
Kavlock et al. 1982; Khera et al. 1976), serum glucose and hematocrit (Rogers et al. 1984), serum
plasma proteins (Grabowski 1981), fetal liver weight and glycogen content (Kavlock et al. 1982), renal
protein and alkaline phosphatase (Kavlock et al. 1982), and kidney weights at postpartum day 250
(Gray and Kavlock 1984; Gray et al. 1983), and increased dyspnea (Grabowski and Payne 1983a) and
liver and thyroid lesions (Chu et al. 1981a). Cataracts were also observed in offspring in several
studies (Chernoff et al. 1979a; Chu et al. 1981a; Gaines and Kimbrough 1970; Rogers and Grabowski
1983; Rogers et al. 1984); however, cataracts also resulted from early postnatal exposure (Chernoff et
al. 1979b; Rogers and Grabowski 1984; Scotti et al. 1981) (see Section 2.2.2.2) indicating that in

utero exposure was not critical for their development.

Gestational exposure of rats and mice to chlordecone also resulted in increased stillbirths and
decreased postnatal viability (Chernoff and Kavlock 1982; Chernoff and Rogers 1976; EPA 1986¢;
Gray and Kavlock 1984; Gray et al. 1983; Kavlock et al. 1985; Seidenberg and Becker 1987;
Seidenberg et al. 1986). The increase in fetal/pup mortality was observed at doses as low as

10 mg/kg/day .when administered to rats during gestation days 7-16 (EPA 1986¢) and at doses as low
as 12 mg/kg/day when administered to mice during gestation days 7-16 (Chernoff and Rogers 1976).
Edema was reported in rat fetuses at doses of 10 mg/kg/day during gestation days 7-16 (Chernoff and
Rogers 1976), but this effect was not noted in other developmental toxicity studies with chlordecone.
Other indicators of developmental toxicity included decreased fetal or neonatal weight and/or skeletal
ossification (Chernoff and Kavlock 1982; Chernoff and Rogers 1976; EPA 1986¢; Gray and Kavlock
1984; Kavlock et al. 1985,. 1987b; Seidenberg et al. 1986) and a few instances of anomalies and
malformations such as enlarged renal pelves, undescended testes, enlarged cerebral ventricles, clubfoot,
fused vertebrae or ribs, and encephalocele (Chernoff and Rogers 1976; Kavlock et al. 1985).
Anovulation and persistent vaginal estrus were observed in female offspring of maternal rats given

15 mg/kg/day of chlordecone on gestation days 14-20 (Gellert and Wilson 1979). However, no
effects on vaginal patency or fertility were observed in female offspring of maternal mice given

20 mg/kg/day during gestation days 8-12 or 14-18 (Gray and Kavlock 1984).
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Exposure of female rats to chlordecone for 60 days prior to mating through lactation day 12 showed
subtle neurological changes in the offspring later in life (Rosecrans et al. 1982; Seth et al. 1981;
Squibb and Tilson 1982a). Although major reflexes were unaltered, the offspring of dams exposed to
0.3 mg/kg/day showed increased serotonin turnover and decreased dopamine in response to stress
(Rosecrans et al. 1982) and increased striatal dopamine binding (Seth et al. 1981). Furthermore,
offspring of mice exposed to 0.05 mg/kg/day in this exposure paradigm showed an increased reactivity
to apomorphine (a dopamine agonist) (Squibb and Tilson 1982a). These studies suggest that perinatal

exposure to low doses of chlordecone may affect dopaminergic function in adult offspring.

The highest NOAEL values and all reliable LOAEL values from each reliable study for developmental
effects in each species and duration category are recorded for mirex in Table 2-1 and for chlordecone

in Table 2-2 and plotted for mirex in Figure 2-1 and for chlordecone in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after oral exposure to mirex or

chlordecone.

There were also no studies regarding potential adverse morphological changes in chromosomes in
somatic cells of whole animals after oral exposure to mirex or chlordecone. However, a dominant
lethal assay was conducted in male rats (20 males/group; strain not specified) receiving oral doses of
1.5, 3.0, or 6.0 mg/kg mirex by gavage daily for 10 consecutive days (Khera et al. 1976). At the end
of treatment, individual males were mated with two untreated virgin females for 5 days; the mating
sequence was continued until 14 sequential matings were completed. Females were sacrificed

13-15 days following separation from the males, and the uterine contents were examined for
deciduomas, corpora lutea, and viable embryos. Although there was a significant decrease in the
incidence of pregnancies in the 6.0-mg/kg group following the first mating, parameters indicative of
dominant lethality were unaffected by treatment. Mirex was also detected in the testes; therefore, the
failure to induce a dominant lethal effect was not associated with an inability of the test material to

reach the target organ.

Chlordecone was evaluated in a dominant lethal mutation assay in which groups of 10 male Sprague-

Dawley rats were administered 3.6 or 11.4 mg chlordecone/kg/day for 5 consecutive days by oral
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gavage (Simon et al. 1986). Two days after administration of the final dose, individual males were
mated with two naive, nulliparous females for 1 week; the mating sequence was continued for

14 weeks. Females were sacrificed on gestation day 14, and uteri and ovaries were examined for
deciduomata, corpora lutea, implantation sites, and live and dead implants. Reduced fertility indices
(i.e., number inseminated/number mated) were seen in the high-dose group following the first two
matings; however, no adverse effects on male fertility were seen at any week in either treatment group.
Similarly, there was no consistent pattern of dose- or time-related dominant lethal action. In an
additional phase of the study, chlordecone was shown to be distributed throughout the reproductive
tract with the highest concentration initially observed in the vas deferens, and in decreasing order in
seminal vesicular fluid, unwashed sperm, prostate, seminal vesicles, and washed sperm. This
distribution persisted as levels declined over the 21-day observation period. Therefore, the absence of

a dominant lethal effect was not due to a failure to expose spermatozoa.

Administration of single oral doses of 90 or 120 mg/kg mirex by gavage to female Sprague-Dawley
rats resulted in induction of hepatic ornithine decarboxylase activity; there was, however, no evidence
of significant damage to deoxyribonucleic acid (DNA) as measured by alkaline elution (Mitra et al.

1990).

Marked disturbances in the distribution of ploidy (diploid and tetraploid nuclei) have been observed in
the livers of male Sprague-Dawley rats fed a dietary concentration of 100 ppm mirex (equivalent to
~5 mg/kg/day) for 13 months (Abraham et al. 1983). Mirex selectively reduced the number of
tetraploids with the most significant reduction noted in hepatocellular carcinomas; however, nuclei in
the areas adjacent to these tumors were also primarily composed of diploids. These data should be
interpreted with caution since isolation of nuclei from tumors is difficult and because “of the fantastic
variety of forms that tumor nuclei assume” (Smuckler et al. 1976). Similarly, the relevance to humans
is not clear since human liver is mainly composed of diploid cells (99%) and contains few tetraploids

(Adler et al. 1981).

In agreement with hepatic functional activity studies conducted with mirex, chlordecone administered
orally to female Sprague-Dawley rats at 1/5 and 3/5 of the LD, (19 and 57 mg/kg, respectively)
caused a significant increase in omithine decarboxylase activity, but there was no evidence of DNA

damage at either level (Kitchin and Brown 1989).
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The only data from an 7n vivo assay suggesting possible genotoxicity for chlordecone were reported by
Ikegwuonu and Mehendale (1991). In this study, chlordecone was administered orally in corn oil at a
dose of 10 mg/kg to groups of male Sprague-Dawley rats. Following treatment, animals were
subdivided into groups that received either hydroxyurea (a DNA repair stimulator) or dimethyl
sulfoxide (solvent for hydroxyurea). Animals were sacrificed at an unspecified time, and hepatocytes
recovered from the various groups were subjected to a battery of biochemical assays to measure effects
on DNA. Chlordecone alone induced a low level of unscheduled DNA synthesis in recovered
hepatocytes; however, the response (=1.2-fold over control) was too marginal to conclude a positive
effect. The comparative evaluation of chlordecone effects on adenosine diphosphate-ribosyltransferase
(ADPRT) activity and DNA strand breaks provided inconsistent results. Although the data suggest
that chlordecone treatment increased DNA strand breaks, ADPRT activity was suppressed rather than
stimulated, as would be expected when DNA strand breaks occur.

Other genotoxicity studies are discussed in Section 2.4.

2.2.2.8 Cancer

No studies were located regarding cancer in humans following oral exposure to mirex. Extremely
limited information was located regarding cancer in humans following oral exposure to chlordecone.
Liver biopsy samples taken from 12 workers with hepatomegaly resulting from intermediate or
chronic-duration exposures to high levels of chlordecone showed no evidence of cancer (Guzelian et
al. 1980). However, conclusions from this study are limited by the very small number of workers
sampled, the relatively brief duration of exposures, and the absence of a sufficient latent period for
tumor development. The average exposure of the subjects was 5-6 months and were examined

immediately after exposure.

Mirex was found to be carcinogenic by the oral route in mice and rats in several studies. The
predominant carcinogenic lesions observed in these studies were hepatomas and neoplastic nodules of
the liver, and mononuclear cell leukemia and transitional cell papillomas of the kidney. A positive
trend in pheochromocytomas was also observed in one of the studies. Both male and female mice
(18/sex/dose) of the (C57BL/6 x C3H/ANF)F; or (C57BL/6 x AKR)F, strains showed a significant

increase in the incidence of hepatomas in a screening study in which mirex was administered first by
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gavage from 7 until 28 days of age and then in the diet until 18 months of age (time-weighted-average

dose = 3.6 mg/kg/day) (Innes et al. 1969).

In rats, an increase in the incidence of neoplastic nodules was also observed in male CD rats
administered mirex (4.9 mg/kg/day) in the diet for 18 months. However, the number of rats (20-26
males and females) tested was rather low and the duration of dosing should have been longer to have
maximum sensitivity of testing (Ulland et al. 1977a). In 2-year feeding studies, F344/N rats (52/sex)
were administered mirex in the diet for 104 weeks in two separate bioassays (NTP 1990). In one of
the bioassays both sexes of F344/N rats were used, while only females were used in the second. It

was concluded that under the conditions of the 2-year feeding studies of mirex, there is clear evidence
of carcinogenic activity for male and female F344/N rats, as indicated by marked increased incidences
of neoplastic nodules of the liver (at 0.7 mg/kg/day in males and >3.8 mg/kg/day in females) and by
dose-related increase in the incidences of mononuclear cell leukemias in females (1.8 mg/kg/day in
males, >1.8 mg/kg/day in females in the first study, and 7.7 mg/kg/day in females in the second study;
p <0.05), as well as by a positive trend in the incidence of transitional cell papillomas of the renal
pelvis in males (at 3.8 mg/kg/day; p = 0.018 by Life Table Tests). The audit summary of this report
states that because of an apparent disproportionate number of liver tissue samples taken from the high
dose groups, additional and comparative liver sections were made for control groups of both sexes and
the high dose male group after the initial Pathology Working Group (PWG) review of this study. A
second PWG, convened to review the liver sections, concluded that any discrepancies noted during the
review of the pathology materials were minor in nature and not clustered in any one group of study
animals. Consequently, the NTP considered the data produced from this study supportive of the
conclusion of Clear Evidence of carcinogenic activity (CE) for mirex in F344/N rats under the

conditions of the bioassay (NTP 1990).

Chlordecone was also shown to be carcinogenic in rats and mice. The results of NCI (1976) bioassays
in mice and rats clearly suggest that chlordecone induces hepatocellular carcinomas in both sexes of
rats and mice. Administration of chlordecone to Osborne-Mendel rats via the diet for 80 weeks
resulted in a significant increase in the incidence of hepatocellular carcinomas over pooled controls in
both males and females at a time-weighted average of 1.2 mg/kg/day in males and 1.3 mg/kg/day in
females (NCI 1976). In the NCI (1976) bioassay in rats, the incidence of hepatocellular carcinomas
was significantly increased (p<0.05) in both with a dose-related trend. The incidence of hepatocellular

carcinomas in high-dose males and females were 7% and 22% for males and females, respectively.
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Nevertheless, this study had several limitations. Initial doses were not well tolerated because of
exceedence of the Maximum Tolerated Dose (MTD) as indicated by excessive deaths. Doses were
reduced 17-33% from initial doses once or twice during the experiment. During the final 75 days of
treatment, high dose males received chlordecone on alternative weeks only. Doses above the MTD
were used for 42-386 days. An unusually high mortality rate occurred in control animals also, and

only pooled controls were used in this bioassay.

Administration of chlordecone to B6C3F; mice for 80 weeks also resulted in significantly increased
incidences of hepatocellular carcinomas in both males and females at doses as low as 2.6 mg/kg/day
(NCI 1976). In the NCI (1976) bioassay in mice, the incidence of hepatocellular carcinomas was
significantly increased (p<0.05) in both with a dose-related trend. The incidence of hepatocellular
carcinomas was 81% and 88% in low- and high-dose males, respectively, and 52% and 47% in low-and
high-dose females, respectively. In addition, a decrease of latency time of tumor appearance was
observed in treated mice, as compared to controls. Nevertheless, this study had several limitations. An
abnormally high incidence (32%) of hepatocellular carcinomas was found in the matched control group
of male mice. In addition, initial doses were not well tolerated because of exceedence of the

Maximum Tolerated Dose (MTD) as indicated by excessive deaths. Doses were reduced 25-50%

from initial doses once or twice during the experiment. Doses above the MTD were used for

90-134 days. An unusually high mortality rate occurred in controls animals as well.

In its evaluations, the DHHS has determined that both mirex and chlordecone may reasonably be
anticipated to be carcinogenic on the basis of sufficient evidence of carcinogenicity in animals (NTP
1994). However, neither mirex nor chlordecone has been classified by the EPA with regard to cancer

inducing potential (EPA 1994).

The cancer effect levels (CELs) for mirex and chlordecone in chronic-duration studies in rats and mice
are recorded for mirex in Table 2-1 and for chlordecone in Table 2-2 and plotted for mirex in Figure
2-1 and for chlordecone in Figure 2-2.

2.2.3 Dermal Exposure

No data on health effects resulting from dermal exposure to mirex in humans were located. Data on

health effects resulting from dermal exposure to chlordecone are limited to information on a single



MIREX AND CHLORDECONE
2. HEALTH EFFECTS

group of men exposed to chlordecone at a facility in Hopewell, Virginia, where chlordecone was
manufactured over a 21-22-month period. Hygiene conditions at the plant were extremely poor and
substantial dermal exposure could have occurred. Inhalation and oral exposures were also thought to
have occurred. Studies of this group of men are limited by the uncertainties regarding exposure levels
and route and by exposure to the precursor used to manufacture chlordecone,

hexachlorocyclopentadiene.

2.2.3.1 Death

No studies were located regarding death in humans following dermal exposure to mirex. No deaths

were reported in humans after exposure to chlordecone (Cannon et al. 1978; Taylor et al. 1978).

The dermal LDs, value for both mirex and chlordecone in rats was reported to be in excess of

2,000 mg/kg (Gaines 1969). In male rabbits exposed dermally to chlordecone in corn oil, an LDs
value of 410 mg/kg was reported (Larson et al. 1979b). All reliable LDs, values for death in rats and
rabbits following acute-duration exposure for mirex and chlordecone are recorded in Tables 2-3

and 2-4, respectively.

2.2.3.2 Systemic Effects

Several studies were presented in Section 2.2.1.2 regarding the systemic effects experienced by
workers occupationally exposed to chlordecone (Cannon et al. 1978; Guzelian et al. 1980; Martinez et
al. 1978; Taylor 1982, 1985; Taylor et al. 1978). Dermal exposure was probably a major route of
exposure in the occupational situation described in these studies; however, the results of these studies
are not repeated in this section since Section 2.2.1.2 contains a complete description of the systemic
effects associated with occupational exposure (route of exposure unspecified; either inhalation, oral,
and/or dermal) to chlordecone. No additional studies were located regarding respiratory,
cardiovascular, gastrointestinal, musculoskeletal, hepatic, endocrine, ocular, or bodyweight effects in
humans or animals after dermal exposure to mir