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FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986 (Public Law 99-499) extended and
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 Eavironmeatal Protection Agency (EPA). The revised list of the 275 most hazardous substances
was published in the Federal Register on October 28, 1992 (57 FR 48801). For prior versions of the list of
substances, see Federal Register 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).

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

(A) The examination, summary, and interpretation of available toxicological information and
epidemiological 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 toxicological testing needed to identify the types or levels of
exposure that may present significant risk of adverse bealth effects in humans.

This toxicological profile is prepared in accordance with guidelines developed by ATSDR and 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 is intended to succinctly characterize the toxicological 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 toxicological 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 profiles is on

health and toxicological information; therefore, we have included this information in the beginning of the
document.



Foreword

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 our assessment of all relevant toxicological 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 beea 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.

David Satcher, M.D., Ph.D.
Administrator
Agency for Toxic Substances and
Disease Registry
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Green Border Review. Green Border review assures the consistency with ATSDR policy.

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 endpoints.
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makes recommendations for derivation of MRLs.
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been followed.
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A peer review panel was assembled for hexachlorobutadiene. The panel consisted of the following members:

1. Dr. Arthur Gregory, Private Consultant, Sterling Virginia.
Dr. Shane Que Hee, Associate Professor, Department of Environmental Health Sciences, UCLA
School of Public Health, Los Angeles, California.

3. Dr. Renate Reimschuessel, Assistant Professor, University of Maryland School of Medicine,
Baltimore, Maryland.

These experts collectively have knowledge of hexachlorobutadiene’s physical and chemical properties, toxico-
kinetics, 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 kimply 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 hexachlorobutadiene and to
emphasize the human health effects that may result from exposure to it. The Environmental
Protection Agency (EPA) has identified 1,350 hazardous waste sites as the most serious in
the nation. These sites comprise the “National Priorities List” (NPL): Those sites which are
targeted for long-term federal cleanup activities. Hexachlorobutadiene has been found in at
least 45 of the sites on the NPL. However, the number of NPL sites evaluated for
hexachlorobutadiene is not known. As EPA evaluates more sites, the number of sites at
which hexachlorobutadiene is found may increase. This information is important because
exposure to hexachlorobutadiene may cause harmful health effects and because these sites are

potential or actual sources of human exposure to hexachlorobutadiene.

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 a substance such as hexachlorobutadiene, 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 by which you are exposed (breathing, eating, drinking, or skin contact), the
other chemicals to which you are exposed, and your individual characteristics such as age,

gender, nutritional status, family traits, life-style, and state of health.
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1. PUBLIC HEALTH STATEMENT

1.1 WHAT IS HEXACHLOROBUTADIENE?

Hexachlorobutadiene, also known as HCBD, perchlorobutadiene, or Dolen-Pur-, is a colorless
liquid. It does not evaporate or burn easily. Hexachlorobutadiene has a turpentine-like odor.
Most people will begin to smell a mild to pungent odor if the compound is present in air at

1 part hexachlorobutadiene per million parts of air (ppm). It is not known how it tastes or at

what level people can taste it.

Hexachlorobutadiene does not occur naturally in the environment. It is formed during the
processing of other chemicals such as tetrachloroethylene, trichloroethylene, and carbon
tetrachloride. Hexachlorobutadiene is an intermediate in the manufacture of rubber
compounds and lubricants. It is used as a fluid for gyroscopes, a heat transfer liquid, or a

hydraulic fluid. Outside of the United States it is used to kill soil pests.

More information on the properties and uses of hexachlorobutadiene is found in Chapters 3

and 4.

1.2 WHAT HAPPENS TO HEXACHLOROBUTADIENE WHEN IT ENTERS THE
ENVIRONMENT?

Hexachlorobutadiene is released to the environment in air, water, and soil, mainly as a result
of its disposal following industrial use. Most of the hexachlorobutadiene wastes are
destroyed by burning; some are released to the air in this process. It is not known what
happens to hexachlorobutadiene after it enters the air. Based on the information we have on
similar compounds, it may be broken down by sunlight and react with gases in the
atmosphere. It is not known what chemicals are formed by these reactions or if the
compounds formed are harmful. Based on the properties of similar compounds, one-half of
the hexachlorobutadiene in the air is expected to be broken down to other chemicals within

60 days.
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Hexachlorobutadiene may be released to water during disposal of factory waste. It is not
known what happens to it in water or how long it remains there. Hexachlorobutadiene that is
present in water may pass into the air or soil in small amounts. Small amounts of
hexachlorobutadiene may be released to soil as a result of disposal of industrial wastes
containing it. It is not known what happens to hexachlorobutadiene after it contacts soil.
Because hexachlorobutadiene binds to most soils, it is expected to remain there for some
time. The hexachlorobutadiene present in sandy soils may move through the soil to
underground water, However, no information was found on how much reaches the
underground water or how long it stays in the water. Hexachlorobutadiene can build up in
fish and shellfish, where waters are contaminated. It is not known if hexachlorobutadiene

builds up in plants.

More information on what happens to hexachlorobutadiene in the environment may be found

in Chapters 4 and 5.

1.3 HOW MIGHT I BE EXPOSED TO HEXACHLOROBUTADIENE?

You may be exposed to hexachlorobutadiene by breathing contaminated air, eating
contaminated food, drinking contaminated water, or by direct skin contact with this chemical.
People working in the industrial facilities where hexachlorobutadiene is formed or used may
be exposed. Concentrations found in outside air were 2-3 parts hexachlorobutadiene per
trillion parts of air (ppt). Levels were much higher in or near industrial facilities where
hexachlorobutadiene is formed or used. One survey detected air concentrations ranging from
22 to 43,000 ppt in a production facility. No information is available on how many workers

are potentially exposed to hexachlorobutadiene.

Although hexachlorobutadiene is not very soluble in water, small amounts may be found in
some public drinking water (less than 1 part hexachlorobutadiene per billion parts water
[ppb]). It may also be found in underground water near hazardous waste sites.

Hexachlorobutadiene has no agricultural or food chemical uses in the United States.



HEXACHLOROBUTADIENE

1. PUBLIC HEALTH STATEMENT

Levels ranging from 0.1 to 4.7 milligrams per kilogram have been found in fish and shellfish

because the compound is present in some surface water.

Exposure at waste sites is most likely to occur from the landfill disposal of waste by-products

originating from chlorinated hydrocarbon manufacture.

More information on how you may be exposed to hexachlorobutadiene is found in Chapter 5.

1.4 HOW CAN HEXACHLOROBUTADIENE ENTER AND LEAVE MY BODY?

Hexachlorobutadiene may enter your body through the lungs when you breathe air
contaminated with it. It also may enter your body if you drink water or eat food
contaminated with hexachlorobutadiene. With the exception of fish and shellfish, however,
hexachlorobutadiene has not been found in food. The amount of hexachlorobutadiene that

enters your body by these routes depends on how much of the chemical you eat or drink.

What happens to hexachlorobutadiene when you breathe vapors of the compound is not
known, but it most likely moves across your lungs into your bloodstream. In animal studies,
most of the hexachlorobutadiene is changed by the body into more toxic compounds. It is
not known how rapidly hexachlorobutadiene and its breakdown products are removed from
your body through your urine and feces. Some is expected to remain in your body fat for

long periods.

More information on how hexachlorobutadiene enters and leaves the body is given in

Chapter 2.

1.5 HOW CAN HEXACHLOROBUTADIENE AFFECT MY HEALTH?

In one study of workers at a solvent production plant who breathed hexachlorobutadiene for

long periods, the compound was shown to affect the function of the liver. Because the

workers were also exposed to other solvents (carbon tetrachloride and perchloroethylene), it
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is not certain if this effect was caused by hexachlorobutadiene alone. Studies in mice showed
that brief exposure to high concentrations of hexachlorobutadiene irritate the nose. The

effects of breathing low levels of hexachlorobutadiene are not known.

Ingestion of hexachlorobutadiene damaged the kidneys of rats and mice and, to a lesser
extent, the liver of rats. These effects occurred after both short- and long-term exposures at
very low dose levels. Young rats were affected more than adult rats. The kidneys of female
rats appeared to be affected more than those of males. On the other hand, the liver of male
rats was affected, but the liver of female rats was not. It is not clear if the differences
between the sexes might be seen in humans. Kidney, brain, and liver damage were also seen

in rabbits after contact of their skin with the compound for a short period.

Hexachlorobutadiene decreased fetal body weight in rats, but did not affect fetal development
or impair their ability to produce offspring. The lungs, heart, brain, blood, muscles, and

skeleton in rats or mice were not damaged after short- or long-term exposure.

Studies in rats indicate that hexachlorobutadiene may increase the risk of kidney cancer if
exposures occur for long periods. The International Agency for Research on Cancer (IARC)
has determined that hexachlorobutadiene is not classifiable as to its carcinogenicity in
humans, but indicated that there was limited evidence that hexachlorobutadiene was
carcinogenic in rats. EPA has determined that hexachlorobutadiene is a possible human

carcinogen.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER 1 HAVE BEEN
EXPOSED TO HEXACHLOROBUTADIENE?

Exposure to hexachlorobutadiene can be determined by measuring the chemical or its
breakdown products in blood, urine, or fat. These tests are not usually performed in most
doctors’ offices because special equipment is needed. Samples can be collected and sent to

special laboratories to determine if you were exposed to hexachlorobutadiene. These tests
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cannot determine how much of the chemical you were exposed to or if adverse health effects

will occur as a result of the exposure.

More information on how hexachlorobutadiene can be detected in your body is found in

Chapters 2 and 6.

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

The federal government has develped guidelines and standards to protect the public from
excess exposure to hexachlorobutadiene. EPA has recommended guidelines on how much
hexachlorobutadiene can be present in drinking water for specific periods of time without
causing adverse health effects in humans. EPA recommends that exposures in children
should not exceed 0.3 milligrams per liter of water (mg/L) for 10-day periods, or 0.1 mg/L
for more than 7 years. If adults are exposed for long periods (more than 7 years), EPA

recommends that exposure levels should not exceed 0.4 mg/L.

Hexachlorobutadiene has been named a hazardous substance by EPA. If quantities equal to
or greater than 1 pound are released to the environment, the National Response Center of the

federal government must be notified immediately.

The Occupational Safety and Health Administration (OSHA) recommends that exposure to
hexachlorobutadiene not exceed 0.02 ppm for an 8-hour workday over a 40-hour workweek.

This limit is not enforced by the federal government, but it is the law in at least 25 states.

The National Institute for Occupational Safety and Health (NIOSH) classifies
hexachlorobutadiene as a potential occupational carcinogen. Because there is potential for
effects following contact of the chemical with the skin, measures should be taken to minimize

skin exposure.
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More information on federal government guidelines and standards on hexachlorobutadiene is

found in Chapter 7.

1.8 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, E-29

Atlanta, Georgia 30333

(404) 639-6000

This agency can also provide you with information on the location of 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
hexachlorobutadiene. 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.

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 (LOAELS) 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
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
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attempt at distinguishing between “less serious” and “serious ” effects. The distinction between “less
serious” effects and “serious” effects is considered to be important because it helps the users of the
profiles to identify levels of exposure at which major health effects start to appear. 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.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of
hexachlorobutadiene are indicated in Table 2-2. Because cancer effects could occur at lower exposure
levels, Figures 2-1 and 2-2 also show ranges for the upper bound of estimated excess risks, ranging

from a risk of 1 in 10,000 to 1 in 10,000,000 (10'4 to 10'7), as developed by EPA.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have
been made for hexachlorobutadiene. 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
1990h), 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

10
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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

2.2.1.1 Death

No studies were located regarding death in humans after inhalation exposure to hexachlorobutadiene.

In animals, all mice that were exposed to vapors of 50 ppm hexachlorobutadiene for 5 days died, but

no deaths occurred at 10 ppm (NIOSH 1981).

2.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, gastrointestinal, musculoskeletal , or dermal/ocular
effects in humans or animals after inhalation exposure to hexachlorobutadiene. Limited data are
available on hepatic effects in humans and on the respiratory and renal effects of hexachlorobutadiene
in animals. These effects are discussed below. The highest NOAEL value 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. Respiratory rates were decreased in mice exposed to vapors of
hexachlorobutadiene at concentrations of 155 ppm or greater for 15 minutes. The authors
characterized the responses as a reaction to nasal irritation (de Ceaurriz et al. 1988). Nasal irritation
and respiratory difficulty was also reported in rats exposed to vapors at a concentration of 250 ppm
for 2 days (4 hours/day) or 100 ppm for 12 days (6 hours/day) (Gage 1970). Breathing difficulty

occurred even with exposure to 25 ppm for 15 days (6 hours/day).

11



TABLE 2-1. Levels of Significant Exposure to Hexachlorobutadiene - Inhalation

Exposure LOAEL (effect)
Key to duration/ NGCAEL Less serious Serious
figure’ Species Route frequency System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Mouse 5d 50 (100% mortality) NIOSH 1981
7hr/d
Systemic
2 Rat 5d Other 10 50 (body weight NIOSH 1981
7hr/d reduced 14%)
3 Mouse 15 min Resp 155 (decreased de Ceaurriz
respiratory rate et al. 1988
36%)
4 Mouse 4 hr Renal 2.75 (damaged cortical de Ceaurriz
proximal tubules) et al. 1988
INTERMEDIATE EXPOSURE
Developmental
5 Rat Gd 6-20 10 15 (fetal body weight Saillenfait
6hr/d reduced 9.5% in et al. 1989
males and 12.5% in
females)
Reproductive
6 Rat 15 d 15 Saillenfait
Gd 6-20 et al. 1989
6hr/d

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

d = day(s); Gd = gestation day; hr = hour(s); LOAEL = lowest-observed-adverse-effect level; min = minute(s);
NOAEL = no-observed-adverse-effect level; Resp = respiratory

INIAvLNEOHOTHOVXaH
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FIGURE 2-1 Levels of Significant Exposure to Hexachlorobutadiene — Inhalation
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Hepatic Effects. Although the liver is not a major target of hexachlorobutadiene toxicity, there is
some indication that it may be adversely affected following exposure in humans. Serum bile acids
(deoxycholic acid, glycinedeoxycholic acid, taurine-chenodeoxycholic acid, and total deoxycholate)
increased following chronic exposure in workers to estimated exposure levels of 0.005-0.02 ppm
(Driscoll et al. 1992). It should be noted that the workers were also potentially exposed to other
solvents (carbon tetrachloride and perchloroethylene). For this reason, and the fact that data are

absent on morphological changes as well as other effects on liver function, the practical importance of

this finding is reduced.

Renal Effects. Mice that were exposed to vapors of hexachlorobutadiene (2.75-25 ppm) for 4 hours
showed an increase (4-91%) in the number of damaged cortical renal tubules (de Ceaurriz et al.
1988). Degeneration of the tubule midsection resulted from exposures to 250 ppm
hexachlorobutadiene for 4 hours on each of 2 consecutive days (Gage 1970). Damage (not specified)
to renal proximal tubules was also reported in rats exposed to vapors at a concentration of 25 ppm for
15 days (6 hours/day); the kidneys were pale and enlarged. At a higher concentration (100 ppm),
degeneration of renal cortical tubules with epithelial regeneration occurred after 12 days of exposure

(Gage 1970). Quantitative data on renal effects were limited.

2.2.1.3 Immunological Effects

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

exposure to hexachlorobutadiene.

2.2.1.4 Neurological Effects

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

to hexachlorobutadiene.

2.2.1.5 Reproductive Effects

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

hexachlorobutadiene.
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In animals, the frequency of abnormal sperm morphology did not increase significantly over controls

in mice exposed to concentrations of 10 ppm hexachlorobutadiene (NIOSH 1981). When mice were
exposed to 50 ppm (the only other concentration tested), all animals died during the 5 week posttreatment
period. Thus, a reliable NOAEL value for reproductive effects cannot be identified for this

study. When rat dams were exposed to vapors of hexachlorobutadiene (up to 15 ppm) during

gestation (gestation days 6-20), the mean number of implantation sites, total fetal loss, resorptions

and number of live fetuses were comparable to unexposed controls (Saillenfait et al. 1989).

Studies evaluating the genotoxic potential of hexachlorobutadiene indicate that hexachlorobutadiene
does not affect fertility in male rats. In dominant lethal tests in rats, fertility indices, number of
corpora lutea or implantations, or the frequency of early death did not differ between animals that
inhaled vapors of hexachlorobutadiene at concentrations up to 50 ppm and their unexposed controls

(NIOSH 1981).

2.2.1.6 Developmental Effects

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

hexachlorobutadiene .

In animals, data are limited to one intermediate-duration study in which rats were exposed to vapors
of hexachlorobutadiene at concentrations up to 15 ppm during gestation days 6-20 (Saillenfait et al.
1989). The only effect observed was a reduction (p < 0.01) in fetal body weights at concentrations of
15 ppm (highest dose tested). No fetotoxic effects were observed at concentrations of 10 ppm or less.
Embryotoxicity was not observed at any dose tested and there were no exposure-related external,
visceral, or skeletal anomalies. It should be noted that reduced maternal body weight gain was

observed at the 15 ppm vapor concentration.

The highest NOAEL value and a LOAEL value for developmental toxicity in rats are recorded in
Table 2-1 and plotted in Figure 2-1.
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2.2.1.7 Genotoxic Effects

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

hexachlorobutadiene.

Hexachlorobutadiene did not cause dominant lethal mutations in rats after inhalation of vapors at
concentrations of 10 or 50 ppm for up to 5 days (NIOSH 1981). Similarly, there were no increases
in the frequency of chromosomal aberrations in bone marrow cells of rats exposed to 10 ppm for up

to 5 days (NIOSH 1981).

Other genotoxicity studies are discussed in Section 2.4.

2.2.1.8 Cancer

No studies were located regarding cancer in humans or animals after inhalation exposure to
hexachlorobutadiene. However, EPA has derived an inhalation unit risk of 0.022 (mg/m’)" (IRIS
1993), based on oral exposure data (see Section 2.2.2.8). Exposure levels corresponding to excess

cancer risks of 10 to 107 are shown in Figure 2-1.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to hexachlorobutadiene.

Acute oral exposures to hexachlorobutadiene were lethal in rats. Young rats were more sensitive to
compound exposure than adult rats. LDs, values for adult rats were 580 mg/kg (males) and
200-400 mg/kg (females). The LDs, values for weanling male and female rats were 65 and
46 mg/kg, respectively (Kociba et al. 1977a). Important experimental details of this study were not

available for review.

Mice exposed to 1,000 and 3,000 ppm hexachlorobutadiene in their diet (19-36 mg/kg/day) died after
3-5 days (NTP 1991; Yang et al. 1989). Animals exposed to 30-300 ppm (3-49 mg/kg/day)
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survived the 15 day exposure period. Survival was not reduced in rats exposed to 100 mg/kg/day
hexachlorobutadiene for 30 days or at dose levels of 15.6 mg/kg/day for 13 weeks (Harleman and
Seinen 1979) and 100 mg/kg/day (Kociba et al. 1971). Mice survived dose levels of up to

19.2 mg/kg/day for 13 weeks (NTP 1991). In lifetime studies, survival was reduced significantly in
male rats exposed to hexachlorobutadiene at a dose level of 20 mg/kg/day (Kociba et al. 1977a).
Although the cause of death was not reported, renal damage, a major effect manifested by this

compound, may have been a contributing factor.

A LOAEL value for lethality in rats after chronic exposure is recorded in Table 2-2 and plotted in
Figure 2-2.

2.2.2.2. Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological,
musculoskeletal, hepatic, renal, or dermal/ocular effects in humans after oral exposure to

hexachlorobutadiene for any duration category.

Studies have been conducted in animals to evaluate the respiratory, cardiovascular, gastrointestinal,
hematological, musculoskeletal, hepatic, and renal effects. These effects are discussed below. No
studies were located on dermal/ocular effects. 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 2-2 and plotted in Figure 2-2.

Respiratory Effects. Intermediate-duration (30-148 days) exposure to 20 mg/kg/day (Schwetz et al.
1977) or 100 mg/kg/day (Kociba et al. 1971) and lifetime exposures to 20 mg/kg/day (Kociba et al.
1977a) did not cause treatment-related lesions of the lungs or changes in lung weight in rats exposed

to hexachlorobutadiene at dose levels of 20 mg/kg/day.

Cardiovascular Effects. Hexachlorobutadiene did not alter heart weights or cause treatment-related
lesions of the heart in rats or mice exposed for intermediate durations (90-148 days) at dose levels of
19.2-20 mg/kg/day (NTP 1991; Schwetz et al. 1977; Yang et al. 1989) and 100 mg/kg/day (Kociba

et al. 1971) or after lifetime exposure at dose levels of 20 mg/kg/day (Kociba et al. 1977a).
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TABLE 2-2. Levels of Significant Exposure to Hexachlorobutadiene - Oral

Exposure LOAEL (effect)
Key to duration/ NOAEL Less serious Serious
figure® Species Route frequency System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Systemic
1 Rat (F) 14d Hepatic 35 Harleman and
Renal 4.6 (proximal Seinen 1979
convoluted tubule
degeneration)
Other 4.4 (body weight
reduced 9.5% in
females)
INTERMEDIATE EXPOSURE
Systemic
2 Rat (GO) 13 wk Hepatic 2.5 6.3 (increased Harleman and
cytoplasmic Seinen 1979
basophilia)
Hemato 15.6
Renal 1 2.5 (degeneration
proximal tubules)
Other 2.5 6.3 (body weight
decreased 29% in
females and 13%
in males)
3 Rat (F) 30d Resp 100 Kociba et al.
Cardio 100 1971
Gastro 100
Hemato 3 10 (increased hemoglobin
concentration)
Hepatic 10 30 (centrilobular
hepatocel lular
swelling)
Renal 10 30 (tubular
degeneration,
necrosis)
Other 100 (thyroid, para-

thyroid, pituitary
and adrenal glands)

S103443 HLTV3H 2

INIAV.LNGOHOTHOVX3H

8}



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

Exposure LOAEL (effect)
Key to duration/ NOAEL Less serious Serious
figure® Species Route frequency System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
4 Rat (F) 10-18 wk  Renal 15 (tubular Harleman and
degeneration, Seinen 1979
necrosis)
Other 15 (maternal body
weight decreased
15%)
5 Rat (F) 4 wk Hepatic 1.25 5 (absolute liver 20 (increased plasma Jonker et al.
weight decreased aspartate amino- 1993b
41%) transferase and
bilirubin)
Renal 1.25 5 (tubular cytomegaly
and decreased
plasma creatinine)
Other 1.25 5 (body weight
decreased 10% in
males and 15% in
females, decreased
adrenal weight,
17%)
6 Rat (F) 148 d Resp 20 Schwetz et al.
Cardio 20 1977
Gastro 20
Hemato 20
Musc/skel 20
Hepatic 20
Renal 0.2 2 (tubular
degeneration)
Other 2 20 (body weight gain

reduced 8-9% in
males and 5-17% in
females)

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

Exposure LOAEL (effect)
Key to duration/ NOAEL Less serious Serious
figure® Species Route frequency System (mg/kg/day) (mg/kg/day} (mg/kg/day) Reference
7 Mouse (Fy 13 wk Resp 19.2 NTP 1991, Yang
Cardio 19.2 et al. 1989
Gastro 19.2
Musc/skel 19.2
Hepatic 19.2
Renal 0.2° (tubular
degeneration)
Derm/oc 19.2
Other 1.5 4.9 (body weight gain
reduced 49% in
males)
Neurological
8 Rat (GO) 13 wk 15.6 Harleman and
Seinen 1979
9 Rat (F) 148 d 20 Schwetz et al.
1977
10 Rat (F) 10-18 wk 15 150 (ataxia, Harleman and
demyelination and Seinen 1979
degeneration of
femoral nerve
fiber)
11 Rat (F) 30d 100 Kociba et al.
1971
12 Mouse (F) 13 wk 19.2 NTP 1991, Yang
et al. 1989
Developmental
13 Rat (F) 43 d 2 20 (neonatal weight Schwetz et al.
Gd1-22; decreased 13%) 1977 )
Ldi-21
14 Rat (F) 6 wk

15 (reduced pup
weight, 16-19%)

Harleman and
Seinen 1979

S103443 HLTVAH 2
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TABLE 2-2. Levels of Significant Exposure to Hexachlorobutadiene - Oral (continued)

Key to

figure® Species Route

NOAEL
System (mg/kg/day)

LOAEL (effect)

Less serious

Serious
(mg/kg/day)

Reference

Reproductive

15 Rat
16 Rat
17 Mouse

CHRONIC EXPOSURE

Death

18 Rat
Systemic

19 Rat
Neurological
20 Rat

Resp
Cardio
Gastro
Hemato
Musc/skel
Hepatic
Renal

Other

15

20

19.2

20
20
20
20
20
20
0.2

20

hyperplasia)
20 (reduced mean body
weight in males

females [5-12%1)

150 (infertility)

20 (increased

mortality)

Harleman and
Seinen 1979

Schwetz et al.
1977

NTP 1991, Yang
et al. 1989

Kociba et al.
1977a

Kociba et al.
1977a

Kociba et al.
1977a

IN3IQY.LNEOHOTHOVX3IH
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TABLE 2-2. Levels of Significant Exposure to Hexachlorobutadiene - Oral (confinued)

Exposure LOAEL (effect)

Key to duration/ NOAEL Less serious Serious

figure® Species Route frequency System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Cancer

21 Rat (F) 2vyr 20 (CEL: kidney tumors) Kociba et al.

1977a

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

Used to derive an intermediate oral minimal risk level (MRL) of 0.0002 mg/kg/day; dose divided by an uncertainty factor of
1,000 (10 for extrapolation from animals to humans, 10 for use of a LOAEL and 10 for human variability).

Cardio = cardiovascular; d = day(s); (F) = feed; Gastro = gastrointestinal; Gd = gestation day; (GO) = gavage - oil;
Hemato = hematological; Ld = lactation day(s); LOAEL = lowest-observed-adverse-effect level;
Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week(s); yr = year(s)

SLO3443 HITV3AH 2
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FIGURE 2-2 Levels of Significant Exposure to Hexachlorobutadiene — Oral
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