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FOREWORD

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

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

The focus of the profiles is on health and toxicologic information; therefore, each toxicological
profile begins with a 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 protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance 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; and

(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.

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

Administrator
Agency for Toxic Substances and
Disease Registry
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*Legislative Background

The toxicological profiles are developed in response to the Superbmd 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 Super-fund). This public
law directed 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 EPA. The availability of the revised priority list of 275
hazardous substances was announced in the Federal Register on November 17, 1997 (62 FR 6 1332). For
prior versions of the list of substances, see Federal Registernotices dated April 29, 1996 (61 FR 18744);
April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR41280); October 26, 1989 (54 FR 43619);
October 17,1990 (55 FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); and
February 28, 1994 (59 FR 9486). Section 104(i)(3) of CERCLA, as amended, directs the Administrator of
ATSDR to prepare a toxicological profile for each substance on the list.
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation of
available toxicologic and epidemiologic information on a substance. Health care providers treating
patients potentially exposed to hazardous substances will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2: Health Effects: Specific health effects of a given hazardous compound are reported by route
of exposure, by type of health effect (death, systemic, immunologic, reproductive), and by /length
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in
the clinical setting. Please refer to the Public Health Statement to identify general
health effects observed following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 2.6 Children’s Susceptibility
Section 5.6 Exposures of Children

Other Sections of Interest:
Section 2.7 Biomarkers of Exposure and Effect
Section 2.10 Methods for Reducing Toxic Effects

ATSDR Information Center
Phone:1-888-42-ATSDR
or 404-639-6357 Fax:404-639-6359
E-mail: atsdric@cdc.aov Internet: http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History-The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
Hazards, Skin Lesions and Environmental Exposures, Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.



HCCPD viii

Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials incident.
Volumes I and II are planning guides to assist first responders and hospital emergency department
personnel in planning for incidents that involve hazardous materials. Volume I1I-Medical Management
Guidelines for Acute Chemical Exposures-is a guide for health care professionals treating patients
exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health(NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, GA 30341-
3724 e Phone: 770-488-7000 ¢ FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 e Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998

e  Phone: 800-35-NIOSH.

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being. Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 e Phone: 919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Confact:
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 e Phone: 202-347-4976 o
FAX: 202-347-4950 e e-mail: aoec@dgs.dgsys.com ¢ AOEC Clinic Director: http://occ-envmed.
mc.duke.edu/oem/aoec.htm.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and
environmental medicine. Contact: ACOEM, 55 West Seegers Road, Arlington Heights, IL 60005
o Phone: 847-228-6850 ¢ FAX: 847-228-1 856.
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHORS(S):

Carolyn Harper, Ph.D.
ATSDR, Division of Toxicology, Atlanta, GA

Julia George, Ph.D.
Research Triangle Institute, Research Triangle Park, NC

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects
chapter of each profile for consistency and accuracy in interpreting health effects and classifying
end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to
substance-specific minimal risk levels (MRLs), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLs.

3. Data Needs Review. The Research Implementation Branch reviews data needs sections to
assure consistency across profiles and adherence to instructions in the Guidance.






HCCPD xi

PEER REVIEW

A peer review panel was assembled for HCCPD. The panel consisted of the following members:
1. Dr. Donald Hill, 40 1 Delcris Drive, Birmingham, Alabama;
2. Dr. Donald Morgan Private Consultant, lowa City, lowa; and

3. Dr. James Withey, Research Scientist, Environmental & Occupational Toxicology Division,
Environmental Health Centre, Ontario, Canada.

These experts collectively have knowledge of HCCPD’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 public health statement tells you about hexachlorocyclopentadiene (HCCPD) and the effects

of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for
long-term federal cleanup activities. HCCPD has been found in at least 31 of the 1,467 current or
former NPL sites. However, the total number of NPL sites evaluated for this substance is not
known. As more sites are evaluated, the sites at which HCCPD is found may increase. This
information is important because exposure to this substance may harm you and because these sites

may be sources of exposure.

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 are exposed to a substance only when you come in contact with it. You may be

exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to HCCPD, many factors determine whether you’ll be harmed. These factors
include the dose (how much), the duration (how long), and how you come in contact with it.
You must also consider the other chemicals you’re exposed to and your age, sex, diet, family

traits, lifestyle, and state of health.

11 WHAT IS HCCPD?

HCCPD is a light, lemon-yellow liquid that has a sharp, musty odor. It easily turns from a liquid
to a vapor when exposed to air. The vapor looks like a blue haze. This chemical is also called
percyclopentadiene, hexachloropentadiene, and hex. Some of its former trade names, still listed in

chemical reference documents, are C-56, Graphlox, and HRS 1655.
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I. PUBLIC HEALTH STATEMENT

HCCPD is a manufactured chemical and does not occur naturally in the environment. It is made
by adding chlorine to cyclopentadiene, or by removing chlorine from octachlorocyclopentane.
HCCPD is used to make a group of related pesticides (aldrin, chlordane, dieldrin, endosulfan,
endrin, heptachlor, isodrin, mirex, and pentac). Only two of these pesticides, endosulfan and
pentac, are currently registered for use in the United States. Thus, your exposure to these
compounds is expected to be limited. Endosulfan and pentac are the only two of these pesticides
that you can buy in a store. HCCPD is also used to make flame retardants, resins that won’t

burn, shock-proof plastics, esters, ketones, fluorocarbons, and dyes.

Most of the HCCPD in the environment results from releases during its production and disposal.
Releases can also occur as a result of the manufacture, use, and disposal of pesticides made from
HCCPD. Most people can smell HCCPD in the air at 30 parts HCCPD per billion (ppb) parts of
air. Most people can smell it in water when it is present at 1.4 ppb. The amount of HCCPD that

you can taste in water has not been measured and the taste has not been described.

See Chapters 3,4, and 5 for more information on the properties and uses of HCCPD and its

presence in the environment.

1.2 WHAT HAPPENS TO HCCPD WHEN IT ENTERS THE ENVIRONMENT?

HCCPD can be released to the air as a vapor during its production and use. However, it does not
remain in the air very long since it is usually broken down to other substances by sunlight and by
reaction with other chemicals in the air. Half of the HCCPD released to the air is removed in

less than one day.

When HCCPD is mixed with water at room temperature, only 2.1 milligrams will dissolve in a
liter of water (2 parts per million or 2 ppm). In a stream or small river, the HCCPD near the
surface will evaporate to the air. Sunlight on the water will cause HCCPD to change quickly
into other chemicals. About half of the HCCPD in the water will be changed to other chemicals

by the light in only four minutes.
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1. PUBLIC HEALTH STATEMENT

The HCCPD that gets into soil binds to decaying plant and animal matter. If the soil is sandy, the
HCCPD can move through the soil and reach the water that is under the ground. When soil that
contains HCCPD also contains solvents like gasoline, paint thinners, and acetone, these liquids
will help carry the HCCPD through the soil to lakes, rivers, or wells. Bacteria can change
HCCPD in the soil to other chemicals, but scientists do not know the nature of these compounds.

About half of the HCCPD in the soil will be changed to other chemicals by bacteria in 1-2 weeks.

HCCPD has been known to build up in fish, but only in very small amounts. We do not know if

HCCPD accumulates in plants, milk, or animals used for food.

See Chapter 5 for more information on how HCCPD behaves in the environment.

1.3 HOW MIGHT I BE EXPOSED TO HCCPD?

If you live near a hazardous waste site where HCCPD or HCCPD-derived pesticides were
disposed, you might be exposed to HCCPD in the air. In one survey, levels ranging from 0.032
to 0.053 ppb were measured in air near a hazardous waste site. HCCPD has not been reported in
outdoor air in city, suburban, and rural areas. In most areas, the concentration of HCCPD in the

air should be low because this chemical is not widely used.

HCCPD is not commonly found in surface water. In one survey, it was found in less than 0.1% of
854 water samples from various sources. The median concentration of HCCPD was less than
10 ppb in water. HCCPD in not often found in drinking water, so exposure by this route is

unlikely. However, it may be formed during chlorination of water containing humic acid.

HCCPD may be present in soils that have recently been treated with the pesticides, endosulfan or
pentac, because it is sometimes found as an impurity in these pesticides. The soils near a landfill

where these pesticides (including those no longer used, such as aldrin, chlordane, dieldrin, endrin,
heptachlor, and isodrin) or waste HCCPD were disposed might also contain HCCPD, but, since it

binds to organic matter in soils, it is less likely to be free to affect you.
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1. PUBLIC HEALTH STATEMENT

It is highly unlikely that you will be exposed to HCCPD in the foods you eat, although you could
be exposed to very small amounts if you catch and eat fish that lived in HCCPD-contaminated

water.

The highest exposures to HCCPD are likely to occur in people who are involved in the production
or use of HCCPD, who handle pesticides made from it, or who treat wastes that contain it. These
people can be exposed by breathing air contaminated with HCCPD, or by skin and eye contact

with the vapors or liquid.

Air concentrations ranging from 270 to 970 ppb were reported at a waste water treatment plant
after large amounts of the compound were dumped into a city sewage system. Traces of HCCPD
were present in waste water at another treatment plant near an industrial facility that used it as a

reactant for making pesticides.

See Chapter 5 for more information on how you can be exposed to HCCPD.

14 HOW CAN HCCPD ENTER AND LEAVE MY BODY?

There is no information available to tell us what happens to HCCPD once it enters the human
body. Based on studies in animals, if you are exposed to HCCPD through food or drinking water,
most of the HCCPD you eat or drink will stay bound to the food or water and only a small
amount will enter your bloodstream. Thereafter, most of the HCCPD (64-80%) will leave your

body in your feces and the rest will leave in your urine.

Animal studies have shown that up to 95% of the HCCPD that is inhaled stays in your windpipe
and lungs, and a small amount reaches your liver and kidneys. Inhaled HCCPD, therefore, causes

more health effects in people and animals than HCCPD that is ingested (see Section 1.5).
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1. PUBLIC HEALTH STATEMENT

If HCCPD touches your skin, it can enter your body. Based on studies in animals, when either
pure HCCPD or a solution with 10% HCCPD in mineral oil comes in contact with your skin, a

sore can form. The open sore will allow more HCCPD to enter your body.

Most of the HCCPD that enters your body is changed to other chemicals, but those chemicals
have not been identified. A small amount of HCCPD remains unchanged. You can find more

information on how HCCPD and its breakdown products enter and leave your body in Chapter 2.

1.5 HOW CAN HCCPD AFFECT MY HEALTH?

To protect the public from the harmful effects of toxic chemicals and to find ways to treat people

who have been harmed, scientists use many tests.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and
released by the body; for some chemicals, animal testing may be necessary. Animal testing may
also be used to identify health effects such as cancer or birth defects. Without laboratory animals,
scientists would lose a basic method to get information needed to make wise decisions to protect
public health. Scientists have the responsibility to treat research animals with care and
compassion. Laws today protect the welfare of research animals, and scientists must comply with

strict animal care guidelines.

Information on the health effects of HCCPD on people is limited to one incident involving shortterm
exposure to HCCPD vapors (0.04-19.2 ppm). Exposure occurred at a waste water

treatment plant as a result of an industrial release of HCCPD into the sewage system. This

incident showed that the breathing passageways (nose, throat, lungs) in people are very sensitive

to HCCPD. You may get a sore throat or have shortness of breath and chest discomfort if you
breathe HCCPD at high levels. Your eyes may burn and turn red, and your skin may be irritated.
Some people get headaches when they breathe high levels of HCCPD.
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Your kidneys and liver may show signs that you have been exposed to HCCPD. Some people
who were exposed to HCCPD had increased amounts of protein in their urine and increased
levels of other compounds in their blood. These are signs that kidney and liver effects may have

occurred after exposure to HCCPD. Other people who were exposed did not show these effects.

Bleeding, swelling, and fluid buildup occurred in the lungs of rats, mice, guinea pigs, and rabbits
that inhaled small amounts of HCCPD vapors for two weeks under controlled conditions.

Severe breathing difficulty was seen in animals exposed to large amounts of HCCPD for a short
period of time, and all the animals died during or soon after exposure. In rats, some cells of the
lung, windpipe, and nose contained yellow-colored or clear granules after exposure to a very low
level (0.01 ppm) of HCCPD in air for a long time. In monkeys, higher levels (0.2 ppm) caused

similar changes in those cells.

When rats and rabbits swallowed HCCPD dissolved in corn oil or peanut oil, cells in the lungs,
liver, kidney, brain, and heart were harmed and a sore formed in the stomach lining. When the
doses were high (261-1,950 milligrams per kilogram of body weight [mg/kg]), most of the
animals died after only one dose. There was damage to stomach lining and kidney cells in mice
given a low concentration of HCCPD in corn oil by mouth 5 days a week for several months.
Because these mice were also exposed to another chemical, hexachlorobutadiene, it is not clear if

the cell damage in the kidneys was caused by HCCPD alone.

No information is available on whether HCCPD affects the reproductive organs of people.

No information is available on whether HCCPD causes cancer in people. The Department of
Health and Human Services (DHHS) has determined that HCCPD does not cause cancer in rats
and mice under the conditions of the study conducted by the National Toxicology Program. The
International Agency for Research on Cancer (IARC) has not evaluated HCCPD as a possible
cancer-causing chemical. The EPA has determined that HCCPD is not classifiable as to its

ability to cause cancer in people.

See Chapter 2 for more information on how HCCPD can affect your health.
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1.6 HOW CAN HCCPD AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception

to maturity at 18 years of age in humans.

Children are unlikely to be exposed to HCCPD. There is no information on the effects of
exposure to HCCPD in children or in adults who were exposed as children. We do not know
whether HCCPD causes birth defects in humans. Studies in animals indicate that exposure to
HCCPD does not cause problems during development. HCCPD did not cause birth defects or
impair the ability of mice and rabbits to produce offspring. We do not know whether HCCPD

can cross the placenta or accumulate in breast milk.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO HCCPD?

If your doctor finds that you have been exposed to significant amounts of HCCPD, he or she can
advise you about the potential risk of exposure to the rest of your family. When necessary your

doctor may need to ask your state public health department to investigate.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO HCCPD?

If you have been recently exposed to HCCPD, your blood and urine can be tested for its
presence. Such tests are not routinely done in a doctor’s office because special equipment is
needed. Doctors often can collect blood or urine samples and send them to special laboratories
to determine if you have been exposed to HCCPD; but these laboratories can’t determine how
much HCCPD you were exposed to, or whether your health will be affected. Exposure to
HCCPD that occurred weeks or months before your test is not likely to be detected in either your

blood or urine.

See Chapters 2 and 6 for more information on how HCCPD can be measured in exposed people.
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1.9 ‘WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.
Regulations can be enforced by law. Federal agencies that develop regulations for toxic
substances include the Environmental Protection Agency (EPA), the Occupational Safety and
Health Administration (OSHA), and the Food and Drug Administration (FDA).

Recommendations provide valuable guidelines to protect public health but cannot be enforced by

law. Federal organizations that develop recommendations for toxic substances include the
Agency for Toxic Substances and Disease Registry (ATSDR) and the National Institute for
Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or
food that are usually based on levels that affect animals, then they are adjusted to help protect
people. Sometimes these not-to-exceed levels differ among federal organizations because of
different exposure times (an 8-hour workday or a 24-hour day), the use of different animal

studies, or other factors.

Recommendations and regulations are also periodically updated as more information becomes
available. For the most current information, check with the federal agency or organization that

provides it. Some regulations and recommendations for HCCPD include the following:

To protect workers who may be exposed to HCCPD on the job, the Occupational Safety and
Health Administration (OSHA) limits HCCPD exposure to 0.01 ppm in air for an §-hour workday
over a 40-hour workweek. The National Institute for Occupational Safety and Health (NIOSH)

suggests the same limit for workplace air.

EPA has recommended guidelines on how much HCCPD can be present in drinking water. The
maximum contaminant levels (MCL) and maximum concentration level goal (MCLG) for drinking

water are 50 ppb. EPA recommends that exposures in children should not exceed 2 ppm in water
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for 10-day periods or no more than 0.7 ppb for up to 7 years. If adults are exposed for more

than 7 years, the EPA recommends that exposure levels should not exceed 50 ppb.

HCCPD has been named a hazardous substance by EPA. If quantities equal to or greater than
one pound are released to the environment, the National Response Center for the federal

government must be told immediately. HCCPD has not been identified as a carcinogen.

See Chapter 7 for more information on state or federal government regulations and guidelines

for HCCPD.

1.10 WHERE CAN I 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, Mailstop E-29

Atlanta, GA 30333

* Information line and technical assistance
Phone: 1-888-42-ATSDR (1-888-422-8737)
Fax: (404) 639-63 14 or 6324

ATSDR can also tell you the location of occupational and environmental health clinics. These
clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to

hazardous substances.

* To order toxicological profiles, contact

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22 16 1

Phone: (800) 553-6847 or (703) 605-6000






HCCPD 11

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 HCCPD. 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.

22 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 (NOAELS) or lowest-observed-
adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies. LOAELS
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 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
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the users of the profiles to identify levels of exposure at which major health effects start to appear.
LOAELSs or NOAELSs should also help in determining whether or not the effects vary with dose and/or

duration, and place into perspective the possible significance of these effects to human health.

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 (LOAEL) 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.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for HCCPD. 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.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990Qe),
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 B). This guide should aid in the
interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.
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2.2.1 Inhalation Exposure

2.2.1.1 Death

No studies were located regarding lethality in humans after inhalation exposure to HCCPD.

Short-term inhalation of HCCPD at concentrations that ranged from 0.3 to 66 ppm was lethal to rats, mice,
guinea pigs, and rabbits (Rand et al. 1982a; Treon et al. 1955). Duration of exposure and compound
concentration affected lethality. With a 15minute exposure to 11.6 ppm HCCPD, 3 of 4 rats, 4 of 5 mice,
2 guinea pigs, and 1 of 3 rabbits survived, but with a 3-hour exposure to 10.0 ppm, all animals died.

Males appeared to be more susceptible to HCCPD than females. The LCs (lethal concentration, 50% kill)
for male rats exposed to HCCPD for 4 hours was 1.6 ppm, while that for females was 3.5 ppm (Rand et al.
1982a).

Exposures lasting from 30 minutes to 4 hours at concentrations of 17.9-66 ppm were uniformly lethal to
rats, mice, guinea pigs, and rabbits (Treon et al. 1955). The number of animals exposed was small (2-5),
and a broad range of durations and doses was used. The small group size and variability in individual
animal susceptibility must be considered when interpreting the data. With 15minute exposures to a
concentration of 18 ppm, 4 rats, 3 of 5 mice, 2 guinea pigs, and none of 3 rabbits survived, but at a
concentration of 17.4 ppm for the same period of time, 2 of 3 rats, none of 4 mice, neither of 2 guinea pigs,
and 1 of 3 rabbits survived. With 2-week exposures to 0.5 ppm HCCPD, all male rats but only 2 of 10
female rats died (Rand et al. 1982a). When exposures were reduced to 5 days, 3 of 5 males and no

females died.

In a 13-week study, all mice exposed to 2 ppm HCCPD for 5 days a week, 6 hours a day died during the
first week, while rats exposed to the same concentration survived for up to 3 weeks (NTP 1994). Only 1 of
20 rats survived a 4-week exposure to 1 ppm, while 2 of 20 mice survived up to 5 weeks. Even with the

1 ppm exposure, most animals died during the first or second week. A lower concentration of 0.4 ppm
caused the death of 5 of 10 male mice and 2 of 10 female mice during the first and second weeks of
exposure. At the lowest concentration tested (0.04 ppm), 2 of 10 male mice and 1 of 10 female mice died.

There were no deaths among rats exposed to concentrations of 0.04-0.4 ppm.
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With an intermediate-duration exposure (6 weeks, 5 days a week, 7 hours a day) to 0.3 ppm, all of 4 rats,
all of 5 mice, and 4 of 6 rabbits died, while 2 guinea pigs survived (Treon et al. 1955). The exact time of
death for individual animals was not specified. Following 30 weeks of exposure (5 days a week, 7 hours a

day) to 0.13 ppm HCCPD, 4 of 5 mice died, but all of 4 rats, 2 guinea pigs, and 3 rabbits survived.

Of the species evaluated, guinea pigs appeared to be the most resistant to compound toxicity, especially
during intermediate-duration exposures. When the fatalities were plotted by concentration and duration of
exposure for each species, it was possible to draw a single straight line to separate the conditions that were
uniformly lethal from those that were not lethal for rats, mice, and rabbits (Treon et al. 1955). Thus, rats,
mice, and rabbits exhibited a linear dose/duration response to the toxic and fatal effects of HCCPD. With
guinea pigs there were two lines that separated the lethal from the nonlethal conditions. The line for
durations of 4 hours or more and concentrations of 3 ppm or less had a lower slope than that for durations
of 4 hours or less and concentrations of 3 ppm or more. The authors interpreted this to mean that the
guinea pigs adapted to the low level, longer-term exposures to HCCPD. In general, mice appear to be more

susceptible to HCCPD toxicity than rats (NTP 1994; Treon et al. 1955).

Survival of male and female rats and male mice chronically exposed to 0.01-0.2 ppm HCCPD was similar
to that for controls. Survival was diminished in female mice exposed to 0.2 ppm, but not at lower
concentrations (NTP 1994). Ovarian inflammation resulting from infection appeared to be the cause of
premature deaths in females. The authors suggest that this may be due to an adverse effect of HCCPD on

immune function.

The HCCPD available commercially has a minimum purity of 97%. The purity of the material used by
Treon et al. (1955) was 89.5%; thus, it is possible that impurities contributed to the toxicity of HCCPD in
this study, especially at the high-exposure concentrations. Impurity concentrations in one 97.4% pure
sample of HCCPD included 0.15% tetrachloroethylene, 0.5 1% hexachloro- 1,3-butadiene, 1.73%
octachlorocyclopentene, and 0.48% hexachloro-3-cyclopentene-1-one (Abdo et al, 1984). A 98% pure
sample contained 0.4% hexachlorobutadiene and 1.5% hexachloro-3-cyclopentene-l-one (NTP 1994).
Other impurities that have been reported in HCCPD include hexachlorobenzene, PCBs, and mirex (EPA
1991a; HSDB 1998; WHO 1991). For one report (Treon et al. 1955), all exposure concentrations were
adjusted to reflect exposure to HCCPD rather than to the mixture. The purity of the material used by Rand
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et al. (1982a) was 97.7% and that used by NTP (1994) was 98% pure; the exposure concentrations were

not adjusted to account for compound purity.

LCs values and all reliable LOAEL values for lethality in each species and duration category are recorded
in Table 2- 1 and plotted in Figure 2-1. These values indicate that HCCPD is highly toxic to animals when

exposures occur through inhalation of vapors.

2.2.12 Systemic Effects

No studies were located regarding musculoskeletal, endocrine, or body weight effects in humans after
inhalation exposure to HCCPD. Data are available pertaining to respiratory, cardiovascular,
gastrointestinal, hematological, hepatic, renal, dermal, or ocular effects. Data are available for all systems
in animal studies. The highest NOAEL values and all LOAEL values from each reliable study for systemic

effects in each species and duration category are recorded in Table 2- 1 and plotted in Figure 2- 1.

Respiratory Effects. The available data on respiratory effects of HCCPD in humans are limited to
reports of waste water treatment plant workers and clean-up crew members exposed to HCCPD after an

industrial release of this material into the sewage system (Kominsky et al. 1980; Morse et al. 1979).

One report of this incident focused on the employees at the waste water treatment plant who were exposed
for a period of 3-15 days (Morse et al. 1979). Accidental discharge of HCCPD into a municipal sewer line
at a treatment plant exposed sewage workers (125 males, 68 females; average age of 35 years). Seventyfive
percent of the workers noticed unusual odors for up to 4 weeks, but particularly during the last 3 days

prior to plant closing. An odiferous substance coated bar screens and grit collectors in the primary
treatment area. Airborne concentrations were unknown at time of exposure, but 4 days after the plant
closed, concentrations ranged from 0.27 to 0.97 ppm in screen and grit chambers. Although large amounts

of contamination were found in waste water, exact amounts of contamination were not specified.

The other report considered the adverse health effects reported by the clean-up crew workers who were
exposed during the 2-month clean-up period as well as by the waste water treatment workers (154 males,
23 females) (Kominsky et al. 1980). Sewage system contamination of HCCPD dispersed in fuel oil and

mixed with sewage created a sticky conglomerate requiring close worker contact with contaminated sewage



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation

a Exposure/ LOAEL
Kf!y to  Species/ duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) {ppm) {ppm} Reference

ACUTE EXPOSURE

Death

1 Rat 1-2 wk 0.5 M (3/5 deaths for 1 wk, Rand et al. 1982a

(Sprague- 5 d/wk 10/10 deaths for 2 wk

Dawley) 6 hr/d exposure)

0.5 F {2/10 deaths for 2 wk
exposure)

2 Rat 4 hr 1.6 M (LC50) Rand et al. 1982a

(Sprague-

Dawley)

35 F (LC50)
3 Rat 2.5-3.6 hr 28 (2/4 animals died) Treon et al. 1955
4  Rat 5d 0.9  (4/4 animals died) Treon et al. 1955
7 hr/d
5 Rat 0.25hr 11.6 (1/4 animals died) Treon et al. 1955
6 Mouse 5d 0.9  (4/5 animals died) Treon etal. 1955
7 hr/d

7  Mouse 0.25 hr 11.6 (1/5 animals died) Treon etal. 1955
8 Mouse 2.5-3.6 hr 1.25 (1/5 animals died) Treon et al. 1955
9  Rabbit 0.25 hr 116 (2/3 animals died) Treon et al. 1955
10 Rabbit 2.5-3.6 hr 1.25 {2/3 rabbits died) Treon et al. 1955

adO0H

S1O3443 HLTV3AH ¢

9L



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - inhalation (continued)

a Exposure/ LOAEL
Keyto Species/  duration/ NOAEL Less serious Serious
figure (strain)  tfrequency System {ppm) {ppm} {ppm) Reference
11 Rabbit 5 wk 0.3 (4/6 rabbits died) Treon et al. 1955
5 diwk
7 hr/d
12 Gn pig 2.5-3.6 hr 6.4 (1/2 animals died) Treon et al. 1955
13  Gn pig 5d 1.4 (1/2 animals died) Treon et al. 1955
7 hr/d
Systemic
14 Rat 1-2 wk Resp 0.11 0.5 (lung weight increased Rand et al. 1982a
(Sprague- 5 d/wk 13-14%; bronchial and
Dawley) 6 hr/d olfactory epithelial
changes)
Cardio 0.5
Hemato 0.11 0.5 (WBC reduced; red blood
cell, packed cell volume,
and hemoglobin
increased)
Hepatic 0.5
Renal 0.5
Bd Wt 0.11 M 0.5 M (~10% reduced body
05 F weight)

S1O3443 HLIV3IH 2

AdO0oH

Li



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) {ppm) Reference
15 Rat 25-36hr  Resp 1.25 (hyperemia and edema of  Treon et al. 1955
the lungs)
Cardio 1.25 (diffuse degeneration of
the heart)
Hepatic 1.25 (diffuse degeneration of
the liver)
Renal 1.25 (diffuse degeneration of
the kidney)
Endocr 1,25 (diffuse degeneration of
the adrenals)
16 Rat 0.25 hr Resp 11.6 (hyperemia and edema of  Treon et al. 1955
the lungs)
Cardio 11.6 (diffuse degeneration of
the heart)
Hepatic 11.6 (diffuse degeneration of
the liver)
Renal 11.6 (diffuse degeneration of
the kidneys)
Endocr 11.6 (diffuse degeneration of
the adrenals)
17  Rat 4 hr Resp 65.9 (respiratory distress, Treon et al. 1955
hyperemia and edema of
the lungs)
Cardio 65.9 (diffuse degeneration of
the heart)
Hepatic 65.9 (diffuse degeneration of
the liver)
Renal 65.9 (diffuse degeneration of
the kidneys)
Endocr 65.9 (diffuse degeneration of

the adrenals)

SL03443 HLTV3IH ¢

adooH

8L



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/ duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
18  Rat 5d Resp 0.3 (increased respiration; Treon et al. 1955
7 hr/d hyperemia and edema of
the lungs)
Cardio 0.3 (diffuse degeneration of
the heart)
Hepatic 0.3 (diffuse degeneration of
the liver)
Renal 0.3 (diffuse degeneration of
the kidneys)
Endocr 0.3 (diffuse degeneration of
the adrenal glands)
19 Mouse 0.25 hr Resp 11.6  (hyperemia and edema of  Treon etal. 1955
the lungs)
Cardio 11.6 (diffuse degeneration of
the heart)
Hepatic 11.6 (diffuse degeneration of
the liver)
Renal 11.6  (diffuse degeneration of
the kidney)
Endocr 11.6  (diffuse degeneration of
' the adrenals)
20 Rabbit 2.5-3.6 hr Resp 125  (hyperemia and edema of  Treon etal. 1955
the lungs)
Cardio 1.25 (diffuse degeneration of
the heart)
Hepatic 1.25 (diffuse degeneration of
the liver)
Renal 1.25 (diffuse degeneration of
the kidneys)
Endocr 1.25  (diffuse degeneration of

the adrenals)

SLO3443 HLIVIH 2

adooH

6l



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
21 Rabbit 0.25 hr Resp 11.6 (hyperemia and edema of =~ Treon etal. 1955
the lungs)
Cardio 11.6 (diffuse degeneration of
the heart)
Hepatic 11.6 (diffuse degeneration of
the liver)
Renal 11.6 (diffuse degeneration of
the kidneys)
Endocr 11.6 (diffuse degeneration of
the adrenals)
22 Rabbit 7 hr Resp 1.3 (hyperemia and edema of ~ Treon et al. 1955
the lungs)
Cardio 13 (diffuse degeneration of
the heart)
Hepatic 1.3 (diffuse degeneration of
the liver)
Renal 1.3 (diffuse degeneration of
the kidneys)
Endocr 1.3 (diffuse degeneration of
the adrenals)
23  Gn pig 2.5-3.6 hr Resp 1.25 (hyperemia and edema of  Treon etal. 1955
the lungs}
Cardio 1.25 (diffuse degeneration of
the heart)
Hepatic 1.25 (diffuse degeneration of
the kidney)
Renal 1.25 (diffuse degeneration of
the kidneys)
Endocr 1.25 (diffuse degeneration of

the adrenal glands)

SL1O3H4A3 HLVIH 2
adoOH

0¢



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation {continued)

a Exposure/ LOAEL
Keyto Species/ duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
24  Gnpig 0.25 hr Resp 11.6 (hyperemia and edema of  Treon etal. 1955
the lungs)
Cardio 11.6 (diffuse degeneration of
the heart)
Hepatic 11.6 (diffuse degeneration of
the liver)
Renat 11.6 (diffuse degeneration of
the kidneys)
Endocr 11.6 {diffuse degeneration of
the adrenals)
25 Gnpig 4 hr Resp 65.9  (hyperemia and edema of  Treon etal. 1955
the lungs)
Cardio 659 (diffuse degeneration of
the heart)
Hepatic 65.9 (diffuse degeneration of
the liver)
Renal 65.9 (diffuse degeneration of
the kidneys)
Endocr 65.9 (diffuse degeneration of
the adrenals)
Neurological
26 Rat 1-2 wk 0.5 Rand et al. 1982a
5 d/wk
6 hr/d
27 Rat 0.25 hr 11.6  (diffuse degeneration of Treon etal. 1955
the brain)
28 Mouse 7 hr 1.3  (diffuse degeneration of Treon et al. 1955

the brain)

S103443 H1TV3H 2

AdOOH

1e



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species/  duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (ppm) {ppm) Reference
29 Mouse 5d 0.3  (diffuse degeneration of Treon et al. 1955
7 hr/d the brain)
30 Mouse 0.25 hr 11.6  (diffuse degeneration of Treon et al. 1955
the brain)
31 Rabbit 0.25 hr 11.6  (diffuse degeneration of Treon et al. 1955
the brain)
32 Gn pig 0.25 hr 11.6  (diffuse degeneration of Treon et al. 1955
the brain)
INTERMEDIATE EXPOSURE
Death
33 Rat 2-4 wk 1 (10/10 males and 10/10 NTP 1994
(Fischer- 344) 5 d/wk females died)
6 hr/d
34 Rat 4 wk 0.3 (4/4 animals died) Treon et al. 1955
5 d/wk
7 hrid
35 Mouse 13 wk 0.04  (20% [2/10] mortality in NTP 1994
(B6C3F1) 5 diwk males, 10% [1/10]
6 hr/d mortality in females)
36 Mouse 30 wk 0.13  (4/5 died) Treon et al. 1955
5 d/wk
7 hr/d

S103443 H1TV3H 2

adO0H

cc



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Key to Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
37 Gnpig 4 wk 0.3 (5/5 animals died) Treon et al. 1955
5 d/wk
7 hr/d
Systemic
38 Human 10 wk Resp 7.4 19.2 (mucous membrane Kominsky et al.
irritation, sinus 1980
congestion, dyspnea,
chest discomfort in 1
individual)
Gastro 71 19.2 (nausea in 1 individual)
Hemato 19.2
Hepatic (elevated values for 4
liver enzymes in some
workers)
Dermal 0.04 (skin irritation in 4
individuals)
Ocular 0.04 (eye irritation in 4
individuals)
39 Monkey 13 wk Resp 0.2 Rand et al. 1982a
5 diwk Cardio 0.2
6 hr/d
Gastro 0.2
Hemato 0.2
Hepatic 0.2
Renal 0.2
Bd Wt 0.2
40 Monkey 14 wk Resp 0.2 Rand et al. 1982b
5 d/wk
6 hr/d

S103443 HLIV3IH 2

adooH

124



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
41  Rat 13 wk Hemato 0.04 0.4 (increased mean and NTP 1994
(Fischer- 344) 5 d/wk packred cell volume; and
6 hr/d red blood cell increased
hemoglobin; decreased
reticulocytes)
Hepatic 0.04 2 (increased aspartate
aminotransferase)
Renal 0.04 0.4  (decreased urinary
creatinine and volume)
42 Rat 13 wk Resp 0.15 0.4 (inflammation and NTP 1994
(Fischer- 344) 5 d/wk necrosis of the bronchi
6 hr/d and bronchioles;
increased lung weight in
males)
Cardio 2
Gastro 2
Hemato 0.15 0.4 (increased hemoglobin
and hematocrit)
Musc/skel 2
Hepatic 2
Renal 2
Endocr 2 (absence of effects on
adrenal, thyroid
parathyroid, and pituitary
glands)
Bd Wt 0.04  (decreased weight gain -
11%)
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Table 2-1. Levels of Significant Exposure to Hexachlorocyciopentadiene - Inhaiation {continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
43 Rat 13 wk Resp 0.2 Rand et al. 1982a
(Sprague- 5 d/wk
Dawley) 6 hr/d
Cardio 0.2
Gastro 0.2
Hemato 0.01 (increased hemoglobin,
red blood cell count,
mean corpuscular
hemoglobin
concentration in males)
Hepatic 0.2
Renal 0.2
44 Rat 14 wk Resp 0.2° Rand et al. 1982b
(Sprague- 5 d/wk
Dawley) 6 hr/d
45 Rat 30 wk Resp 0.13  (pneumonia) Treon et al. 1955
5 diwk Cardio 0.13
7 hr/d
Hepatic 0.13  (slight degenerative
changes)
Renal (slight degenerative
changes)
Bd Wt 0.13
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Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) {ppm) Reference
46 Rat 6 wk Resp 0.3 (pulmonary edema and Treon et al. 1955
5 diwk hyperemia)
7 hr/d Cardio 0.3 (degenerative changes in
the heart)
Hepatic 0.3 (degenerative changes in
the liver)
Renal 0.3 (degenerative changes in
the kidneys)
Endocr 0.3 (degenerative changes in
the adrenal gland)
47 Mouse 33 wk Resp 0.2 M (pigmentation of the NTP 1994
(B6C3F1) 5 d/wk nose, trachea, and
6 hr/d lungs)
Bd Wt 02M
48 Mouse 13 wk Resp 0.15 0.4 (metaplasia of larynx or NTP 1994
(B6C3F1) 5 d/wk trachea; focal supprative
6 hr/d inflammation of the nose)
Cardio 0.4
Gastro 0.4
Hemato 0.4
Musc/skel 0.4
Hepatic 0.4
Renal 0.4
Bdwt 0.04 0.15 (decreased mean final

body weight gain in
males - 16%)

49 Mouse 26 wk Resp 0.5 M (pigmentation of the NTP 1994
(B6C3F1) 5 diwk epithelium of the nose,
6 hr/d trachea, and lung)
Bd Wt 05 M

adO0H
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Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
50 Mouse 42 wk Resp 0.5 M (pigmentation of the NTP 1994
(B6C3F1) 5 diwk epithelium of the nose,
6 hr/d trachea, and lungs)
Bd Wt 0.5 M (decreased body weight
gain during exposure
when compared to
controls; recovery during
the post- exposure
period)
51  Mouse 30 wk Resp 0.13  (pulmonary edema and Treon et al. 1955
5 diwk bronchitis)
7 hr/d Hepatic 0.13  (slight degenerative
changes)
Renal 0.13  (slight degenerative
changes)
Bd Wt 0.13
52 Rabbit 6 wk Resp 0.3 (hyperemia and edema of  Treon etal. 1955
5 d/wk the lungs)
7 hr/d Cardio 0.3 (diffuse degeneration of
the heart)
Hepatic 0.3 (diffuse degeneration of
the liver)
Renal 0.3 (diffuse degeneration of
the kidneys)
Endocr 0.3 (diffuse degeneration of

the adrenals)
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Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

3 . Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
53 Rabbit 30 wk Resp 0.13 Treon et al. 1955
5 d/wk .
Card 0.1
7 hrid ardio 3
Hepatic 0.13  (slight degenerative
changes)
Renal 0.13  (slight degenerative
changes)
Bd Wt 0.13
54  Gn pig 6 wk Resp 0.3  (hyperemia and edema of  Treon et al. 1955
5 diwk the lungs)
7 hrid Cardio 0.3 (degenerative changes in
the heart)
Hepatic 0.3 (degenerative changes in
the liver)
"Renal 0.3 (degenerative changes in
the kidneys)
Endocr 0.3  (degenerative changes in
the adrenals)
55 Gn pig 30 wk Resp 0.13 (pneUmohia) Treon et al. 1955
5 diwk -
Cardio 0.13
7 bw/d '
Hepatic 0.13 (slight degenerative
change)
Renal 0.13  (slight degenerative
change)
Bd Wit 0.13
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Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species/ duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) {(ppm) (ppm) Reference
56 Gn pig 6 wk Resp 0.3  (pulmonary edema and Treon et al. 1955
5 diwk hyperemia)
7 hrid Cardio 03 (diffuse degeneration of
the heart)
Hepatic 0.3 (diffuse degeneration of
the liver)
Renal 0.3 (diffuse degeneration of
the kidneys)
Endocr 0.3 (diffuse degeneration of
the adrenals)
Neurological
57 Human 10 wk 7.1 19.2  (fatigue in one individual) Kominsky et al.
1980
58 Monkey 13 wk 0.2 Rand et al. 1982a
5 d/iwk
6 hr/d
59 Rat 13 wk 0.15 0.4  (listless) NTP 1994
(Fischer- 344) 5 d/wk
6 hr/d
60 Rat 13 wk 0.2 Rand et al. 1982a
(Sprague- 5 d/wk
Dawley) 6 hr/d
61 Rat 30 wk 0.13 Treon et al. 1955
5 d/wk
7 hr/d
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Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a
Keyto Species/

figure

(strain)

Exposure/
duration/
frequency

NOAEL

System (ppm)

LOAEL

Less serious Serious
{ppm) (ppm)

Reference

62

63

65

66

67

68

69

Rat

Mouse

(B6C3F1)

Mouse

Rabbit

Rabbit

Gn pig

Gn pig

Gn pig

6 wk
5 d/wk
7 hr/d

13 wk
5 d/wk
6 hr/d

30 wk
5 diwk
7 hrid

30 wk
5 d/wk
7 hr/d

6 wk
5 diwk
7 hr/d

6 wk
5 d/wk
7 hr/d

6 wk
5 d/wk
7 hr/d

30 wk
5 diwk
7 hr/id

0.15

0.13

0.13

0.3

0.4 (listless)

0.13

0.3

0.3

0.3

(degenerative changes in
the brain)

(degenerative changes in
the brain)

(diffuse degenerative
changes in the brain)

(diffuse degeneration of
the brain)

(degenerative changes in
the brain)

Treon et al.

NTP 1994

Treon et al.

Treon et al.

Treon etal.

Treon et al.

Treon et al.

Treon et al.

1955

1955

1955

1955

1955

1955

1955

S103443 H1IV3AH 2

GdO0oH

oe



Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
CHRONIC EXPOSURE
Death
70 Mouse 103-104 wk 0.2 (deathin 57% of females) NTP 1994
(B6C3F1) 5 d/wk
6 hr/d
Systemic
71 Rat 103-104 wk  Resp 0.01¢ (pigmentation of mucosa NTP 1994
(Fischer- 344) 5 d/wk of the nose and lung)
6 hr/d Cardio 0.2
Gastro 0.2
Musc/skel 0.2
Hepatic 0.2
Renal 0.2
Endocr 0.2
Bd Wt 0.2
72 Mouse 66 wk Resp 0.2 M (pigmentation of the NTP 1994
(B6C3F1) 5 d/wk epithelium of the nose,
6 hr/d trachea, and lung)
Bd Wt 0.2 M
73  Mouse 103-104 wk  Resp 0.01  (pigmentation of mucosa NTP 1994
(B6C3F1) 5 d/wk of nose and trachea)
6 hr/d Cardio 0.2
Gastro 0.2
Musc/skel 0.2
Hepatic 0.2
Renal 0.2
Endocr 0.2
Bd Wt 0.2
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Table 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species/ duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (ppm) (ppm) Reference
Neurological
74  Mouse 103-104 wk 0.2 NTP 1994
(B6C3F1) 5 d/wk
6 hr/d
Reproductive
75 Mouse 103-104 wk 0.01 0.05 (supprative inflammation NTP 1994
(B6C3F1) 5 d/wk of the ovaries)
6 hr/d

2The number corresponds to entries in Figure 2-1.

®Used to derive an intermediate-duration inhalation minimal risk level (MRL) of 0.01 ppm based on a NOAELxsc of 0.39 ppm; concentration divided by an uncertainty factor of 30 (3 for
extrapolation from animals to humans and 10 for human variability).

°Used to derive a chronic-duration inhalation MRL of 0.02 ppb (0.0002 ppm) based on a LOAEL+ec of 0.02 ppm; concentration divided by an uncertainty factor of 90 (3 for a minimally
adverse LOAEL, 3 for extrapofation from animals to humans, and- 10 for human variability).

Cardio = cardiovascular; d = day(s); F = female; Gastro = gastrointestinal; Gn Pig = guinea pig; HEC = human equivalency concentration; Hemato = hematological; hr = hour(s); LCso =

lethal concentration, 50% kill; LOAEL = lowest-observable-adverse-effect level; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL = no-observable-adverse-effect
level; NS = not specified; Resp = respiratory; WBC = white blood cells; wk = week(s)
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Figure 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation

Acute (<14 days)
Systemic
&
9
§ &
(ppm) é?- q‘? g
100 = z <
® o L L
17r 25g 17r 25g
S5r 7m 9h 16r 19m 21h 249 16r 21h 249
i [ J [ J o ® ® ® o ® o
10 12g
3r
2r ®
| 8m  10h 139 15r 20h 22h 239 15r 22h 23g
I & 6m L ° e o o ) C )
1 1r ® 14r 14r 14r
® 11h o 18r O 18r o
L J L o
14r 14r
01 f o o]
0.01
Key
k .
‘r( g?n i n LCso (animals) i Minimal risk level
0.001 m  mouse ® |OAEL for serious effects (animals) | for effects other
g guineapig @ LOAEL for less serious effects (animals) VY than cancer
h rabbit O NOAEL (animals)
0.0001 | A | OAEL for serious effects (humans) The number next to
) each point

0.00001

A LOAEL for less serious effects (humans)
A NOAEL (humans)

corresponds to
entries in Table 2-1.

S103443 HLTVIH 2

QdO0H

e



Figure 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (cont.)
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Figure 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (cont.)
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Figure 2-1.
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Figure 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (cont.)
Intermediate (15-364 days)
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Figure 2-1. Levels of Significant Exposure to Hexachlorocyclopentadiene - Inhalation (cont.)
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HCCPD 39

2. HEALTH EFFECTS

during scraping, shoveling, and high pressure water cleaning operations in Louisville, Kentucky (Kominsky
et al. 1980). Epidemiological evidence suggests that material entered as early as March 14, 1977, when
there were concurrent above-background level increases in detection of an objectionable odor and in
symptoms. On March 26, 1977, four employees used steam to attempt to remove an odiferous, highly
viscous and sticky substance from the bar screens and gut collection systems. Although airborne
concentration at the time of exposure was unknown, HCCPD concentrations in screen and grid chambers
ranged from 0.270 to 0.97 ppm on April 2, 1977 (4 days after plant closing). This initial attempt at
removal produced a blue haze, which permeated the primary treatment area and caused about 20 workers
to seek medical attention. On the next day, following a heavy rain, operating personnel observed a blue
haze hovering over grit collection channels and noted an objectionable odor throughout the primary
treatment area. The plant was closed on March 29, 1977 (15 days after an odor had been first noticed),
when analysis showed waste water to be contaminated with HCCPD at an unspecified level. Workers’
symptoms were determined by physical examination, blood and urine analyses, and by a review of medical
records for employees seen by the plant physician from about April 15 to May 15, 1977; one questionnaire
was administered to 145 employees on April 1-2, 1977, by the Center for Disease Control (CDC), and a
second questionnaire was administered to 177 employees by the National Institute for Occupational Safety

and Health (NIOSH).

Maximum atmospheric concentrations for the treatment plant workers were unknown, but were most likely
greater than 0.97 ppm. This was the maximum concentration measured 4 days after compound
identification (Morse et al. 1979). Small amounts of octachlorocyclopentene and other chlorinated
cyclohydrocarbons were also contaminants of the waste water. Cleanup crew members were equipped with
personal protective equipment and had minimum or no direct exposure to HCCPD. The maximum
concentration recorded during cleanup was 19.2 ppm. Two cleanup crew members were exposed to the
HCCPD for at least one brief period without protective gear. Seven other workers were exposed for brief

periods with half-face respirators (Kominsky et al. 1980).

Symptoms of tracheobronchial irritation were reported by the treatment plant workers early in the exposure
paradigm. These symptoms were recounted by 39 of 145 employees who responded to a questionnaire
shortly after the exposure incident and in 16 or 177 employees who responded to a follow-up questionnaire
6 weeks later. Chest X-rays of 28 exposed workers were normal. Tests of pulmonary function were

normal in a subset of 22 workers from this group (Kominsky et al. 1980). The date of testing was not

specified. Minor respiratory complaints included sore throats, coughs, chest discomfort, and difficulty in
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2. HEALTH EFFECTS

breathing. Because all the workers knew that exposure to a noxious substance had occurred, it is possible
that some symptoms were psychosomatic. One cleanup crew worker also reported respiratory difficulty
when exposed for a few seconds to 19.2 ppm HCCPD without protective equipment (Kominsky et al.
1980). Chest discomfort persisted for several days in this individual.

Headaches were reported by 45% of 145 individuals after exposure to HCCPD at a waste water treatment
plant for 3-15 days. Six weeks later, 18% of 177 questionnaire respondents were still experiencing
headaches (Morse et al. 1979). These headaches may have been secondary to sinus irritation and

congestion.

Animals exposed to HCCPD vapors exhibited labored breathing and gasping during acute (< 1 hour)
exposures at concentrations greater than 41.6 ppm (Treon et al. 1955). All animals exposed to these
concentrations of HCCPD died as a result of the exposure. Lung tissues, when examined, displayed
inflammation, hemorrhagic lesions, edema, and necrosis of the bronchi. In some cases the walls of the
alveoli became coated with a hyaline or fibroid membrane. Where lung injury was severe, there was a
proliferation of fibrous tissue into the bronchi and alveoli (Treon et al. 1955). Hyperemia and edema of the
lungs were seen in all the rats, mice, rabbits, and guinea pigs acutely exposed to HCCPD at concentrations
of 0.3-66 ppm. These effects were more severe in those animals that died from exposure than those that

did not.

Exposures to 0.5 ppm (6 hours a day, 5 days a week) for 1-2 weeks resulted in inflammation, hyperplasia,
and epithelial erosion in the lungs, but recovery was apparent 2 weeks after exposure ceased in those
animals that survived treatment (Rand et al. 1982a). Similar lesions were present in the lungs, bronchi,
larynx, and nasal passages of rats and mice exposed to 1 and 2 ppm HCCPD for < 1-5 weeks (their
survival time) (NTP 1994). During exposure, the rats displayed respiratory distress with mouth breathing
and increased respiratory rate. Some rats, particularly males, had lesions of the lungs with

13-week exposures to 0.4 ppm HCCPD. Absolute and relative lung weights were increased in females and
significantly increased in males. Squamous metaplasia of the larynx and trachea was found in mice
exposed to concentrations of 0.15 and 0.4 ppm (NTP 1994). Lesions were not present in the lungs of rats
exposed to 0.15 ppm HCCPD or mice exposed to 0.4 ppm. Exposure to a concentration of 0.13 ppm for
30 weeks (6 hours a day, 5 days a week) caused pulmonary edema in mice and was associated with
pneumonia in some rats and guinea pigs (Treon et al. 1955). Comparable effects were not seen in rabbits

(Treon et al. 1955).
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Pulmonary function tests performed on 6 monkeys after 7 and 13 weeks of exposure to concentrations of
0.01-0.2 ppm HCCPD showed all parameters remained within the normal range (Rand et al. 1982a).
However, monkeys are more resistant to pulmonary irritants than rats (Rand et al. 1982b), most likely due
to the differences in airway diameters; therefore, the lack of an HCCPD effect on lung function in this

species is not surprising.

Even under exposure conditions where no overt lung damage was apparent (Rand et al. 1982a), changes
were present in rat Clara cells when they were examined by electron microscopy (Rand et al. 1982b).
Exposure to 0.01-0.2 ppm HCCPD for 14 weeks (6 hours a day, 5 days a week) caused a significant
doserelated incidence of rod-shaped, electron-lucent inclusions in the Clara cells. One monkey exposed to
0.2 ppm displayed comparable cell inclusions under parallel exposure conditions (Rand et al. 1982b).
There is no evidence that these minor changes in cell structure may have caused impaired oxygen transport

across the lung epithelium (see Section 2.2.1.2).

Chronic exposure of rats and mice to 0.01-0.2 ppm HCCPD for 2 years (6 hours/day, 5 days/week)
caused the accumulation of a granular yellow-brown pigment in the lung, nasal, and tracheal epithelium
(NTP 1994). The pigmentation appeared in the noses of 80% of the male and female rats exposed to

0.01 ppm for 15 months and 80% of those exposed for 2 years. The severity and incidence of the lesions
increased with dose. Pigmentation of the lungs was present in 98-100% of the male and female rats
exposed to 0.2 ppm for 2 years. The lungs of no male rats were affected at the 0.01 ppm concentration and
only 2 of 50 were affected at the 0.05 ppm concentration. However, 50% of the female rats had
pigmentation of the lungs with exposure to 0.01 ppm, and 86% with exposure to 0.05 ppm. The situation
was very similar in mice. A concentration of 0.01 ppm caused nasal pigmentation in 80% or more of the

animals and exposure to 0.2 ppm caused lung pigmentation in a higher percentage of the animals.

In order to examine the progression and permanence of pigmentation, NTP (1994) conducted stop exposure
studies in male mice. These studies were designed to measure the relative effects of dose and duration on
the pigment formation. In these studies, a concentration of 0.2 ppm (6 hours/day, 5 days/week) was used
for 26 or 42 weeks. The animals were allowed to complete their lifespan without additional exposures.
Pigmentation of the respiratory tract (nose, trachea, and/or lungs) was seen in all animals and did not

disappear when exposure ceased. A comparison of the data for different durations and different exposure
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concentrations showed that both concentration and duration of exposure had an effect on the amount of

pigmentation.

The human and animal data indicate that the linings of the respiratory passages and the lungs are very
susceptible to damage from low concentrations of HCCPD following inhalation exposure. The irritating
effects of HCCPD on the lungs and nasal passages were evidenced by mouth breathing and shallow,
labored respiration. Inflammation of the tissues was followed by necrosis, exfoliation, and hemorrhage.
Tissue repair was often fibrous in appearance. Long-term exposure to very low levels of HCCPD

(0.01 ppm, 6 hours/day, 5 days/week) produced granular yellow-brown pigmentation of the epithelium of
the nose, trachea, larynx, and lungs. In animals, the inflammation of the trachea and lungs did not appear
to occur unless the product of the concentration and duration was greater than 20 or 21 ppm-weeks (NTP

1994).

Cardiovascular Effects. Elevated lactic dehydrogenase (LDH) levels were detected in blood samples

from 11 of 41 workers examined after a 3-15-day exposure to HCCPD at a waste water treatment plant,
but not in blood samples evaluated 3 weeks later (Morse et al. 1979). LDH values were elevated in only
one of 97 members of the cleanup crew, but aspartate amino-transferase (AST) values were elevated in 12
cleanup crew members and seemed to be related to the HCCPD exposure (Kominsky et al. 1980). Elevated
LDH and AST values can be indicative of damage to the heart muscle as well as the liver. Therefore,
without some evidence of impaired cardiac function, it is not possible to conclude that there was damage to

the heart based on enzyme levels alone.

In animals acutely exposed to HCCPD (0.3-66 ppm) for varying periods of time (15 minutes to 2 weeks of
intermittent exposure), diffuse degenerative changes were noted in the heart (Treon et al. 1955). These
degenerative changes may have been the result of autolysis in deceased animals. In another study, there
were no effects on rat heart weights or tissue histopathology with exposures to 0.022-0.5 ppm (6 hours a
day, 5 days a week) after either 1 or 2 weeks, and there were no changes in the levels of serum AST (Rand

et al. 1982a).

Intermediate-duration (13-week) exposure of female rats and mice of both sexes to 0.01-0.4 ppm HCCPD
had no effect on heart tissues, heart weight, or serum LDH and AST values (NTP 1994; Rand et al.

1982a). Relative heart weights were increased in male rats with exposure to 0.4 ppm but not with the
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lower concentrations tested. Diffuse degenerative changes in the heart were seen in rats, mice, guinea pigs,

and rabbits exposed to 0.3 ppm HCCPD for 6 weeks or 0.13 ppm for 30 weeks (Treon et al. 1955).

There were no effects on the histopathology of the heart tissues of rats or mice in the NTP (1994) bioassay
for HCCPD where doses of 0.01-0.2 ppm were evaluated. Thus, there is no clear evidence that HCCPD

has an adverse effect on the cardiovascular system with any duration of exposure or dose level.

Gastrointestinal Effects. Waste water treatment plant workers exposed to HCCPD for 3-15 days

due to a large industrial release complained of nausea (22%) and abdominal cramps (Kominsky et al. 1980;
Morse et al. 1979). One member of the cleanup crew who was exposed to 19.2 ppm for several seconds
without protective equipment experienced nausea several minutes after the exposure (Kominsky et al.

1980).

No microscopic changes were seen in the stomach, esophagus, or intestines of rats, mice, or monkeys
exposed to 0.01-0.4 ppm HCCPD for 13 weeks (6 hours a day, 5 days a week) (NTP 1994; Rand et al.
1982a), or in chronic-duration studies of rats and mice using exposure concentrations of 0.01-0.2 ppm
(NTP 1994). The gastrointestinal tract is apparently not vulnerable to damage from exposure to HCCPD

inhaled vapors.

Hematological Effects. No changes in blood counts were observed in workers exposed to HCCPD at
a waste water treatment plant after an industrial discharge of the material into the sewage system

(Kominsky et al. 1980).

Significant increases in hemoglobin, red blood cell count, and packed cell volume resulted from
acuteduration exposures of rats to 0.5 ppm HCCPD for one or 2 weeks (Rand et al. 1982a). Intermediate-
duration (13-week) exposure of males to 0.01 ppm and 0.2 ppm and exposure of females to 0.05 and

0.2 ppm HCCPD resulted in increased hemoglobin and hematocrit values (Rand et al. 1982a). These
minor variances in hematological parameters were believed to be a consequence of hemorrhagic lesions in

the lungs and not a direct influence of HCCPD on hematopoiesis or red cell turnover.

In rats exposed to 0.4 ppm HCCPD, 6 hours/day, 5 days/week for 13 weeks, there was also a statistically
significant increase in packed cell volume, hemoglobin, and erythrocytes, but these values were not

increased in all groups of animals evaluated (NTP 1994). Absolute and relative lung weights showed a
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statistically significant increase in males, but not females, and lung effects were more severe in males than
in females. Thus, it may be that the hematological effects in males reflect a compensatory response to lung
damage as was suggested by Rand et al. (1982a), even though NTP scientists judged that the effects were
not compound-related. Mean cell hemoglobin concentration was the only hematological parameter affected

in male and female mice (NTP 1994).

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans after

inhalation exposure to HCCPD.

There were no observed effects in mice or rats on bone or bone marrow histopathology with either 13-week
or 2-year studies (NTP 1994). The intermediate-duration studies used doses of 0.04-0.4 ppm HCCPD and

the chronic-duration studies used doses of 0.01-0.2 ppm.

Hepatic Effects. Elevated LDH levels were detected in blood samples from 11 of 41 workers examined
shortly after exposure to HCCPD at a waste water treatment plant, but not in blood samples evaluated

3 weeks later (Morse et al. 1979). Exposure occurred over a 3-15-day period as a result of an industrial
discharge of HCCPD. LDH values were elevated in only one of 97 members of the cleanup crew, but AST
values were elevated in 12; alkaline phosphatase (AP) in 5; and bilirubin in one (Kominsky et al. 1980).
For eight of the cleanup crew members, these biochemical parameters were abnormal on more than one

occasion and, in some cases, were temporarily related to exposure conditions.

Relative to a group of 35 controls, 73 male operators employed for an average of 8.2 years (range

0.5-23 years) in a plant producing chlorinated hydrocarbons, including HCCPD, showed no evidence of
hepatotoxicity (Boogaard et al. 1993). The tests included measurement of alanine and aspartate
aminotransferases, alkaline phosphatase, total bilirubin, y-glutamyltranspeptidase, lactate dehydrogenase,

and total bile acids.

In animals, mild to moderate hepatic tissue degeneration was a common manifestation of acute-duration
inhalation exposures to 0.3-66 ppm for 15 minutes to 2 weeks, and to intermediate-duration exposures to
0.3 ppm for 6 weeks, and 0.13 ppm for 30 weeks. Hepatic damage was more pronounced in the animals
that died than in those that survived and, thus, may have been, at least partially, the result of autolysis

(Treon et al. 1955).
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Liver weights of rats were significantly reduced (8-9%) in females receiving doses of 0.11 and 0.5 ppm
HCCPD for 1 or 2 weeks and 3-E% in males receiving doses of 0.01-0.2 ppm, 6 hours/day, 5 days/week
for 13 weeks (Rand et al. 1982a). On the other hand, biochemical parameters, LDH, AST, AP, and ALT
levels were not influenced by inhalation exposure to 0.01-0.5 ppm HCCPD for 1-13 weeks (Rand et al.
1982a). There were no changes in liver weights or tissue histopathology with intermediate-duration
exposure of rats or mice to concentrations of 0.04-0.4 ppm HCCPD or chronic-duration exposures to
0.01-0.2 ppm (NTP 1994). The 13-week intermediate-duration exposure also had no dose-related effects
on liver enzymes (ALT, AST, and LDH). These data suggest that HCCPD has some minimal effects on
the liver enzymes in rats and mice at low concentrations and may cause necrotic lesions at high

concentrations.

Renal Effects. Urine samples were collected from 41 workers exposed for 3-15 days to HCCPD at a
waste water treatment plant as the result of an industrial release of this material into the sewage system
(Morse et al. 1979). Proteinuria was identified in 6 of 41 workers immediately after exposure but not

3 weeks later. Urinalysis parameters were normal in the cleanup crew workers (Kominsky et al. 1980).

Relative to a group of 35 controls, 73 male operators employed for an average of 8.2 years (range

0.5-23 years) in a plant producing chlorinated hydrocarbons, including HCCPD, showed no evidence of
damage to the renal tubules (Boogaard et al. 1993). The tests included measurement of urinary alanine
aminopeptidase, N-acetyl-f-D-glucosaminidase, and retinol binding protein. Although total urinary protein
concentrations did not differ between the two groups, urinary albumin was significantly higher in the
exposed group. The difference, however, was not related to time of employment, and there was no
difference in urinary albumin concentration in workers involved in the manufacture of HCCPD and those
involved in the preparation of other chlorinated hydrocarbon. Thus, the effect was not considered to be due

to the damage to the glomerulus caused by exposure to HCCPD.

Inhalation exposure of HCCPD caused renal tubular necrosis in rats, mice, guinea pigs, and rabbits with
acute-duration exposure to concentrations of 0.3-66 ppm for 15 minutes to 2 weeks (7 hours/day,

5 days/week) and to intermediate-duration exposure to 0.3 ppm for 6 weeks and 0.13 ppm for 30 weeks,
also for 7 hours/day, 5 days/week (Treon et al. 1955). No tissue damage was seen in rats exposed to
0.01-0.5 ppm for up to 13 weeks, although there was a slight reduction (10-1 1%) in average kidney
weights in males and females receiving 0.5 ppm for 2 weeks and in males receiving 0.01-0.5 ppm for up to

13 weeks (Rand et al. 1982a).
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Exposure of male rats to 0.01-0.2 ppm and female rats to 0.05-0.2 ppm for 15 months was associated

with an increase in urine specific gravity (NTP 1994). The urine volume was reduced in the females
exposed to 0.2 ppm. In companion studies of mice, the specific gravity was increased in the males with the
0.05 and 0.2 ppm exposures and the volume was increased in females exposed to the 0.2 ppm
concentration. These findings suggest some deficit in renal function, but there were no observable changes
in the tissues to suggest kidney damage, and no changes in kidney weights. Although the data are not
completely consistent, HCCPD may affect the kidney, especially with acute, high-concentration exposures

or more moderate long-term exposures.

Endocrine Effects. No reports of changes in human endocrine parameters or organs after inhalation

exposure to HCCPD were found.

There were degenerative changes in the adrenal glands of rats, mice, guinea pigs, and rabbits after
acuteduration exposures to concentrations of 0.3-66 ppm for periods of 15 minutes to 2 weeks. Similar
changes occurred with intermediate-duration exposures to 0.3 ppm for 6 weeks, and 0.13 ppm for 30 weeks

(Treon et al. 1955). These changes may have been the result of tissue autolysis in moribund animals.

The weights of the adrenal glands were significantly reduced in rats exposed to 0.5 ppm for 5-10 days
(Rand et al. 1982a). The significance of the observation cannot be assessed quantitatively in the absence of
measurements of hormone products. There were no histopathological changes in the adrenal glands of rats

or mice with 13-week exposures to 0.04-0.4 ppm for 2 years (NTP 1994).

Dermal Effects. Skin irritation was one of the symptoms reported by plant workers (21%) and
cleanup crew members exposed to HCCPD (>0.97 ppm) at a waste water treatment plant as a result of an

industrial release of HCCPD into the sewage system (Kominsky et al. 1980; Morse et al. 1979).

Skin irritation in humans and animals are more likely a consequence of the direct action of HCCPD vapors
on the skin rather than a systemic effect due to exposure to HCCPD through the lungs, and is discussed

further in Section 2.2.3.
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Body Weight Effects. No reports of weight loss in humans after inhalation exposure to HCCPD were

found.

Rats exposed to 0.22 ppm HCCPD for 10 days did not gain weight at the same rate as the controls; at an
exposure concentration of 0.5 ppm, the animals lost weight (Rand et al. 1982a). Once exposure ceased, the
weight gain returned to normal, although the treated animals weighed less than the controls. Weight gains
were decreased approximately 10% in male rats exposed to 0.04 ppm and greater, 16% in male mice
exposed to 0.15 ppm, and 28% in male mice exposed to 0.4 ppm for 13 weeks, but not in females at any

dose tested (NTP 1994).

Other Systemic Effects. No studies were located regarding other systemic effects in humans after

inhalation exposure to HCCPD.

Rats exposed to 0.22 ppm HCCPD for 10 days ate less food than control animals (Rand et al. 1982a).
2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after inhalation exposure to HCCPD.
There were no histopathological changes in the spleens, thymus, or lymph nodes of rats or mice exposed to
0.04-0.4 ppm HCCPD for 13 weeks (NTP 1994; Rand et al. 1982a) or to 0.01-0.2 ppm for 2 years (NTP
1994). No studies were located that evaluated a broad range of immunological parameters; therefore, a
reliable NOAEL cannot be identified for this end point.

2.2.1.4 Neurological Effects

Headaches were reported by 45% of 145 individuals after exposure to HCCPD at a waste water treatment
plant for 3-15 days. Six weeks later, 18% of 177 questionnaire respondents were still experiencing
headaches (Morse et al. 1979).

Some rats, mice, guinea pigs, and rabbits exposed to high concentrations of HCCPD (>41.6 ppm) by

acute-duration inhalation experienced tremors (Treon et al. 1955). Rats and mice exposed to

concentrations of 0.4-2 ppm HCCPD were described as listless after 1-3 weeks of exposure for 6
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hours/day, 5 days/week (NTP 1994). The higher the HCCPD concentration, the sooner the listlessness

was noted.

The brain tissues of all rats, mice, guinea pigs, and rabbits that died due to HCCPD exposure showed
diffuse degenerative changes with both acute- and intermediate-duration exposures (Treon et al. 1955).
These changes may have been the result of tissue autolysis. There were no histopathological changes in the
brains of rats at a dose of 0.5 ppm for 1-2 weeks or in the brains of rats, mice, and monkeys at doses of
0.04-0.4 ppm for 13 weeks (NTP 1994; Rand et al, 1982a). No other indications of effects on the nervous

system were noted.

The highest NOAEL values and all LOAEL values from each reliable study of neurological effects for each
species and duration category are recorded in Table 2- 1 and plotted in Figure 2- 1. Although the data are
minimal, HCCPD vapors do appear to cause headaches in humans and some symptoms associated with

impaired function of the nervous system in animals were evident.

2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to HCCPD.

In animals, there were no treatment-related histopathological lesions of the male reproductive organs
(testes, prostate, seminal vesicle) or of the female reproductive organs (ovaries, uterus) in rats, mice, or
monkeys exposed to vapors of HCCPD a# concentrations up to 0.4 ppm for 13 weeks (NTP 1994; Rand et
al. 1982a). However, lifetime exposure of female mice to 0.05 or 0.2 ppm resulted in inflammation and
infection of the ovaries (NTP 1994). These infections were hypothesized to have shortened the lifespan of
the afflicted animals. NTP (1994) suggested that the infections were caused by Klebsiella because this
species has caused similar problems in mice during other NTP studies. It is not possible to identify a
NOAEL for this end point or to reach any conclusions regarding the potential for HCCPD to cause
reproductive effects, because studies evaluating a broad range of reproductive parameters related to

reproductive function and success have not been conducted.
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2.2.1.6 Developmental Effects

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

HCCPD.

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after inhalation exposure to HCCPD.

Male or female mice exposed to 0.01-0.2 ppm HCCPD for 13 weeks did not have an increase in
reticulocyte micronuclei (NTP 1994). This indicates that HCCPD does not act as a clastogen causing

chromosome breaks. Other genotoxicit