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DISCLAIMER

Use of trade names is for identification only and does not imply endorsement by the Agency for Toxic
Substances and Disease Registry, the Public Health Service, or the U.S. Department of Health and Human
Services.
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UPDATE STATEMENT

A Toxicological Profile for 1,3-Butadiene, Draft for Public Comment was released in September 2009.
This edition supersedes any previously released draft or final profile.

Toxicological profiles are revised and republished as necessary. For information regarding the update
status of previously released profiles, contact ATSDR at:

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences (proposed)
Environmental Toxicology Branch (proposed)

1600 Clifton Road NE
Mailstop F-62
Atlanta, Georgia 30333



1,3-BUTADIENE

This page is intentionally blank.



1,3-BUTADIENE v

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

The profiles focus 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. A health effects summary describes the adequacy
of information to determine a substance's health effects. ATSDR identifies data needs that are significant
to protection of public health.

Each profile:

(A) Examines, summarizes, and interprets available toxicologic information and
epidemiologic evaluations on a toxic substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(B) Determines whether adequate information on the health effects of each substance is
available or being developed to determine levels of exposure that present a significant risk to
human health of acute, subacute, and chronic health effects; and

© Where appropriate, identifics 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 federal, state, and local health professionals;
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 also
have 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.

Christophér J. Pertier, Ph.D.
Assistant Administrator
Agency for Toxic Substances and Disease Registry
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*Legislative Background

The toxicological profiles are developed under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA or Superfund). CERCLA section
104(1)(1) directs the Administrator of ATSDR to “.. effectuate and implement the health related
authorities” of the statute. This includes the preparation of 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. Section
104(1)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a toxicological profile
for each substance on the list. In addition, ATSDR has the authority to prepare toxicological profiles for
substances not found at sites on the National Priorities List, in an effort to ... establish and maintain
inventory of literature, research, and studies on the health effects of toxic substances” under CERCLA
Section 104(i)(1)(B), to respond to requests for consultation under section 104(i)(4), and as otherwise
necessary to support the site-specific response actions conducted by ATSDR.
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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: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets,
and assesses the significance of toxicity data to human health.

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type
of health effect (death, systemic, immunologic, reproductive), by route of exposure, 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 cach 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 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11 Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY) Fax: (770)488-4178
E-mail: cdcinfo@cdc.gov 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 Fxposures;, Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.


mailto:cdcinfo@cdc.gov
http:http://www.atsdr.cdc.gov
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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 III—
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 « 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 « Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* 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 « 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. Contact:
AQEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 « Phone: 202-347-4976
* FAX: 202-347-4950 » e-mail: AOEC@AOEC.ORG « Web Page: http://www.aoec.org/.

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, 25 Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007-1030 « Phone: 847-818-1800 « FAX: 847-818-9266.


mailto:AOEC@AOEC.ORG
http:http://www.aoec.org
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PEER REVIEW

A peer review panel was assembled for 1,3-butadiene. The panel consisted of the following members:

1. Sherif Abdel-Rahman, Ph.D., Department of Preventative Medicine and Community Health,
University of Texas Medical Branch, Galveston, Texas

2. Genevieve Matanoski, M.D ., Dr.PH, Bloomberg School of Public Health, The Johns Hopkins
Univeristy, Baltimore, Maryland

3. Amir Sapkota, Ph.D., Maryland Institute for Applied Environmental Health, University of
Maryland, School of Public Health, College Park, Maryland

These experts collectively have knowledge of 1,3-butadiene'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(1)(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.

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 1,3-butadiene and the effects of exposure to it.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the
nation. These sites are then placed on the National Priorities List (NPL) and are targeted for long-term
federal clean-up activities. 1,3-Butadiene has been found in at least 13 of the 1,699 current or former
NPL sites. Because not all NPL sites were tested for 1,3-butadiene, the number of sites where this
chemical is found may increase in the future as more sites are evaluated. This information is important

because these sites may be sources of exposure and exposure to this substance may be harmful.

When a substance is released either from a large area, such as an industrial plant, or from a container,
such as a drum or bottle, it enters the environment. Such a 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,

cating, or drinking the substance, or by skin contact.

If you are exposed to 1,3-butadiene, many factors will determine whether you will 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 any other chemicals you are exposed to and your age, sex, diet, family traits, lifestyle,

and state of health.

1.1 WHATIS 1,3-BUTADIENE?

Description 1,3-Butadiene is a colorless gas with a mild gasoline-like
odor.
Uses About 60% of 1,3-butadiene is used to make man-made

rubber, which is then used mostly for car and truck tires.
1,3-Butadiene is also used to make certain types of
plastics such as acrylics.

See Chapters 4 and 5 for more information on the sources, properties, and uses of 1,3-butadiene.
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1.2 WHAT HAPPENS TO 1,3-BUTADIENE WHEN IT ENTERS THE ENVIRONMENT?

Sources

Break-down
* Air

* Water and soil

Large amounts of 1,3-butadiene are released into the air
by industrial sources. Industrial releases to water and soil
are relatively low.

Automobile exhaust is a constant source of 1,3-butadiene
release into the air. Other sources of 1,3-butadiene
include cigarette smoke and the smoke of wood fires.

Forest fires are considered to be a natural source of
1,3-butadiene in the air.

Half of the 1,3-butadiene in the air will likely be broken
down in about 6 hours.

1,3-Butadiene that is spilled onto water or soil will likely
evaporate quickly into the air based on its physical and
chemical properties.

See Chapters 5 and 6 for more information on 1,3-butadiene in the environment.

1.3 HOW MIGHT | BE EXPOSED TO 1,3-BUTADIENE?

Air

Workplace air

The primary way you can be exposed to 1,3-butadiene is by
breathing air containing it. Releases of 1,3-butadiene into the air
occur from:

vehicle exhaust

tobacco smoke

wood burning

burning of rubber and plastic

forest fires

accidental or intentional release at manufacturing plants

The average amount of 1,3-butadiene in the air is between
0.04 and 0.9 parts of 1,3-butadiene per billion parts of air (ppb) in
cities and suburban areas.

Workers in the production of rubber, plastics, and resins are likely
exposed to higher levels of 1,3-butadiene.



1,3-BUTADIENE 3
1. PUBLIC HEALTH STATEMENT

Food and drinking water |1,3-Butadiene has been measured at very low levels in plastic or
rubber of food containers, but it has not been found often in food

samples.
Exposure to 1,3-butadiene through ingestion of food and drinking

water is expected to be very low compared to exposure through
breathing contaminated air.

Gasoline People may be exposed to small amounts of 1,3-butadiene if
gasoline gets on their skin or by breathing air that contains gasoline
fumes.

1.4 HOW CAN 1,3-BUTADIENE ENTER AND LEAVE MY BODY?

Enter your body 1,3-Butadiene in air can be absorbed from the lungs and enter the
blood stream.

Leave your body 1,3-Butadiene is broken down to other chemicals in the liver.

About half of inhaled 1,3-butadiene is broken down and exhaled,
while most of the remaining chemical is broken down and excreted
in the urine. 1,3-Butadiene typically leaves the body by 10 hours.

For more information on how 1,3-butadiene enters and leaves the body, see Chapter 3.

1.5 HOW CAN 1,3-BUTADIENE AFFECT MY HEALTH?

This section looks at studies concerning potential health effects in animal and human studies.

Noncancer In laboratory animals, 1,3-butadiene causes inflammation of nasal
tissues, changes to lung, heart, and reproductive tissues,
neurological effects, and blood changes.
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Cancer

1. PUBLIC HEALTH STATEMENT

Studies of workers exposed to 1,3-butadiene suggest that workers
may have an increased risk for cancers of the blood and lymphatic
system.

Laboratory animals have developed cancer in multiple body tissues
after exposure to 1,3-butadiene for 13 weeks or longer. Animals
appear to be most sensitive to blood and lymphatic system
cancers.

The International Agency for Research on Cancer (IARC), National
Toxicology Program (NTP), and EPA all classify 1,3-butadiene as a
human carcinogen.

1.6 HOW CAN 1,3-BUTADIENE AFFECT CHILDREN?

This section discusses potential health effects in humans from exposures during the period from

conception to maturity at 18 years of age.

Effects in children

Birth defects

It is likely that children would show the same health effects as
adults. We do not know whether children are more sensitive to the
effects of 1,3-butadiene.

We do not know whether 1,3-butadiene causes birth defects in
people. Some studies have found decreases in fetal weight and
skeletal defects in laboratory animals exposed to 1,3-butadiene.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO 1,3-BUTADIENE?

Wood burning

Vehicle engines

Vehicle traffic

Tobacco smoke

Take precautions to minimize the amount of smoke released into
the home during wood burning.

Make sure vehicle engines are turned off when in an enclosed
space such as a garage.

Minimize time spent near areas of heavy vehicle traffic and avoid
living very close to busy roads.

Families can reduce exposure to 1,3-butadiene by avoiding tobacco
smoke, particularly indoors.
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1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN EXPOSED TO
1,3-BUTADIENE?

Development of blood We currently have no reliable medical test to determine if someone

tests has been exposed to 1,3-butadiene. However, scientists are
working on tests to show if 1,3-butadiene attaches to compounds in
the blood, such as proteins or deoxyribonucleic acid (DNA).

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. The EPA, the Occupational Safety and Health Administration (OSHA), and the
Food and Drug Administration (FDA) are some federal agencies that develop regulations for toxic
substances. Recommendations provide valuable guidelines to protect public health, but cannot be
enforced by law. The Agency for Toxic Substances and Disease Registry (ATSDR) and the National
Institute for Occupational Safety and Health (NIOSH) are two federal organizations that develop

recommendations for toxic substances.

Regulations and recommendations can be expressed as “not-to-exceed” levels. These are levels of a toxic
substance in air, water, soil, or food that do not exceed a critical value. This critical value is usually based
on levels that affect animals; they are then adjusted to levels that will help protect humans. Sometimes
these not-to-exceed levels differ among federal organizations because they used different exposure times

(an 8-hour workday or a 24-hour day), different animal studies, or other factors.

Recommendations and regulations are also updated periodically 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 1,3-butadiene include the following:

Levels in breathing air EPA has set a reference concentration in breathing air of 0.9 ppb
set by EPA for 1,3-butadiene.

Levels in drinking water |[EPA has not set levels in drinking water for 1,3-butadiene.
set by EPA

Levels in workplace air OSHA set a legal limit of 1 ppm for 1,3-butadiene in air averaged
set by OSHA over an 8-hour work day.
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1.10 WHERE CAN | GET MORE INFORMATION?

If you have any more questions or concermns, please contact your community or state health or

environmental quality department, or contact ATSDR at the address and phone number below.

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

substances.

Toxicological profiles are also available on-line at www .atsdr.cdc.gov and on CD-ROM. You may
request a copy of the ATSDR ToxProfiles™ CD-ROM by calling the toll-free information and
technical assistance number at 1-800-CDCINFO (1-800-232-4636), by e-mail at cdcinfo@cdc.gov, or by

writing to:

Agency for Toxic Substances and Disease Registry

Division of Toxicology and Human Health Sciences (proposed)
1600 Clifton Road NE

Mailstop F-62

Atlanta, GA 30333

Fax: 1-770-488-4178

Organizations for-profit may request copies of final Toxicological Profiles from the following:

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
Web site: http://www ntis.gov/


http:www.atsdr.cdc.gov
mailto:cdcinfo@cdc.gov
http:http://www.ntis.gov
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2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO 1,3-BUTADIENE IN THE
UNITED STATES

1,3-Butadiene is a highly volatile gas that is used in the production of synthetic rubber; the major end use
of the synthetic rubber is automobile tires. 1,3-Butadiene is also used for the production of high impact
polystyrene and acrylonitrile-butadiene-styrene (ABS) resin plastics The predominant source of
1,3-butadiene in the atmosphere is industrial releases, which can occur during manufacturing, use,
transport, and storage of the chemical. Automobile exhaust is a constant source of low levels of
1,3-butadiene release to the atmosphere. Minor sources of 1,3-butadiene in the atmosphere include
cigarette smoke, wood burning (including forest fires), and the burning of rubber and plastics. In the
atmosphere, 1,3-butadiene is expected to undergo photo-initiated destruction with a half-life of
approximately 6 hours. Relatively low levels of 1.3-butadiene are released to water and soil. 1,3-Buta-

diene in water or soil is expected to rapidly evaporate to the atmosphere.

Inhalation is the predominant route of exposure for the general population. Mean concentrations of
1,3-butadiene in the air in cities and suburban areas ranges from 0.1 to 2 pg/m’ (0.04—1 ppb); the average
background concentration of 0.13 pg/m’ (0.59 ppb) has been estimated. Higher atmospheric
concentrations have been measured in areas near oil refineries, chemical manufacturing plants, and plastic
and rubber factories where 1,3-butadiene is manufactured or used; concentrations as high as 40 pg/m’

(18 ppb) have been measured near industrial sites. Within the general population, smokers (and
individuals exposed to secondhand smoke) and individuals inhaling smoke from wood fires are likely to
be exposed to higher levels of 1,3-butadiene. Workers involved in the production of rubber, plastics, and
resins are most likely to receive the largest exposures. No data are available to quantify general
population exposure to 1,3-butadiene by other routes of exposure, but it is expected to be very low
compared to breathing contaminated air. Low levels of 1,3-butadiene have been detected in U.S. drinking
water supplies; however, specific quantitative data were not located. 1,3-Butadiene has also been
measured at very low levels in the plastic or rubber of food containers and has been found in a few food

samples.

Several biomarkers of exposure have been identified for 1,3-butadiene; these include 1,3-butadiene
urinary metabolites, M1 and M2, and three hemoglobin adducts, N-(2-hydroxy-3-butenyl)valine
(MHB-Val), N-(2,3,4-trihydroxybutyl)valine (THB-Val), and N, N-(2,3-dihyroxy-1,4-butadyl)valine
(pyr-Val), which are surrogate biomarkers for the 1,3-butadiene metabolites 1,2 epoxy-3-butene (EB),
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1,2-dihydroxy-3,4-epoxybutane (EBD), and 1,2:3 4-diepoxybutane (DEB), respectively. In workers, the
levels of urinary metabolites and hemoglobin adducts have been shown to correlate with 1,3-butadiene
exposure levels. However, background levels for the general population have not been established for

these biomarkers of exposure.

2.2 SUMMARY OF HEALTH EFFECTS

The available data for 1,3-butadiene exposure and toxicity in humans and animals are limited to
inhalation exposures; the effects from significant oral or dermal exposures are not known. Information on
the toxicity of 1,3-butadiene in humans comes from case reports and epidemiology studies that primarily
focused on the potential carcinogenicity of 1,3-butadiene. Slight eye irritation and difficulty in focusing
on instrument scales were reported by two men exposed to 2,000 or 4,000 ppm 1,3-butadiene for 6—

7 hours; however, this was not reported when the two men were exposed to 8,000 ppm for 8 hours.
Psychomotor tests conducted in these subjects did not find alterations at 2,000-8,000 ppm. Numerous
epidemiological studies of multiple occupational cohorts, including one encompassing 15,000 workers,
have associated a higher incidence of hemato-lymphopoietic cancer mortality among exposed workers.
Although most of these workers were co-exposed to other organic compounds, including styrene,
benzene, and dithiocarbamates, multivariate analysis suggested that the estimates of 1,3-butadiene

exposure provided the best correlation with the rates of lympho-hematopoietic cancers.

Numerous target organs for 1,3-butadiene toxicity have been identified in well-conducted laboratory
studies ranging from single episode to lifetime exposures. Observed effects include death, neurological
dysfunction, reproductive and developmental effects, hematological and lymphoreticular effects, and
cancer. Evaluation of the relevance of adverse health effects observed in laboratory animals to human
health is encumbered by large species differences in the metabolism of 1,3-butadiene. The metabolism of
1,3-butadiene in humans and laboratory animals involves the same enzymatic pathways; however, there
are notable quantitative differences in the production and detoxification of several reactive metabolites,
particularly, EB, DEB, and EBD; see Sections 3.4.2 and 3.5.3 for more information on specics
differences. Mice, the most sensitive species, are more efficient at converting 1,3-butadiene to EB and
converting EB to DEB. Using pyr-Val hemoglobin adduct levels as a biomarker for blood DEB levels, an
exposure to approximately 1 ppm 1,3-butadiene resulted in mouse DEB levels that were 50 times higher
than rats and 1,000 times higher than humans. Although the mode of action has not been elucidated for
all toxic end points, there are strong data to support the reactive metabolites as the causative agents for the

ovarian atrophy, cancer, and genotoxic effects observed in laboratory animals. Without information on
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the mode of action, particularly the causative agent, the reader should use caution in evaluating the

relevance of the animal data presented in this section to human health.

Lesions of the respiratory tract (olfactory tissues and lungs), liver, kidney, stomach, and eyes have been
seen in mice exposed to =200 ppm for intermediate durations, but these lesions are typically epithelial or
endothelial hyperplasias and are precancerous in nature. Non-neoplastic lesions of the liver (necrosis) in
rats and kidney (renal nephrosis) in mice occurred following intermediate-duration exposure to 625 or

8,000 ppm, respectively.

Although no biologically relevant alterations in hematological parameters have been observed in
1,3-butadiene workers, changes in the blood and lymphoid tissues are common observations in rodents
exposed for intermediate and chronic durations. Decreases in red blood cell counts and hemoglobin
concentration occurred at 65 ppm in mice, progressing to macrocytic megaloblastic anemia from
exposures of 200 ppm. These effects are likely associated with observed changes in normal bone marrow
function, as indicated by reduced circulation of erythrocytes and leukocytes, and increased proliferative
activity with no associated change in bone marrow cellularity. Lymphoreticular toxicity in mice was
indicated by significant changes in thymus weight and lesions in lymphoid organs following intermediate-
duration exposures to 625-1,250 ppm in mice. A reversible suppression of cytotoxic T-lymphocyte
generation to mastocytoma cells and a depression of spleen cellularity were observed at these exposures.
The changes in spleen and thymus weights, lymphocytic differentiation, and appearance of lymphoid

lesions comport with the onset of lymphoma in mice after chronic exposure to 1,3-butadiene.

Reproductive and developmental effects are the most sensitive non-cancer effects observed in rodents.
Wavy ribs and skeletal abnormalities occurred in offspring of rats exposed to 1,000-8,000 ppm during
gestation days (GDs) 6-15. In mice, exposure of pregnant dams to 40 ppm on GDs 6-15 resulted in a 5%
decrease in fetal body weight among male mice. Exposure of mice to >200 ppm resulted in >19%
reductions in fetal weight. A possible dominant lethal effect was observed in mice in which increased
fetal deaths occurred from exposure to 200 ppm. The lowest lowest-observed-adverse-effect level
(LOAEL) identified for intermediate-duration exposures was 12.5 ppm in male mice mated with
unexposed females, resulting in increased late fetal death, exencephaly, and skull abnormalities of fetuses.
Serious lesions of reproductive tissues in male and female mice have arisen from intermediate- and
chronic-duration exposures. Ovarian atrophy, including complete loss of oocytes, follicles, and corpora

lutea, occurred in mice exposed to 200 ppm for 9 months and as low as 6.25 ppm for 2 years. Male mice
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were somewhat less sensitive, with testicular atrophy observed after 15-month exposures to 625 ppm

1,3-butadiene.

The consistent carcinogenic responses in rodent bioassays support the associations derived in
epidemiological studies between hemato-lymphopoietic cancer and 1,3-butadiene exposure. In rats,
2-year exposure to 1,000 or 8,000 ppm resulted in increased incidences of tumors of the testes, pancreas,
uterus, mammary gland, Zymbal gland, and thyroid. In mice, exposure to 200 ppm for 40 weeks resulted
in increased tumor incidences of lymphopoietic system, heart, lung, stomach, liver, and eye. These same
tumors developed in mice in as little as 13 weeks after exposure to 625 ppm. Chronic exposure of mice to
concentrations of 20 ppm (males) and 6.25 ppm (females) of 1,3-butadiene resulted in increased tumor

development in the lymphopoietic system, heart, lung, stomach, liver, eye, mammary glands, and ovaries.

2.3 MINIMAL RISK LEVELS (MRLs)

Inhalation MRLs

The toxicity of 1,3-butadiene following inhalation exposure has been examined in epidemiology studies,
intermediate- and chronic-duration studies in rats and mice, reproductive toxicity studies in mice, and
developmental toxicity studies in rats and mice. The epidemiological studies have primarily focused on
carcinogenicity and have found increases in lympho-hematopoitic cancers. Observed effects found in
animal studies include neurological dysfunction, reproductive and developmental effects, hematological
and lymphoreticular effects, and cancer. Acute exposures have resulted in fetal effects (decreased growth
and skeletal defects) (DOE/NTP 1987b; Irvine 1981) and reproductive effects (increased intrauterine
death following male-only exposure) (DOE 1988b). Intermediate-duration exposures in mice resulted in
precancerous lesions of the respiratory tract (olfactory tissues and lungs), liver, kidney, stomach, and eyes
(NTP 1984, 1993). Non-neoplastic lesions of the liver (necrosis) in rats and kidney (renal nephrosis) in
mice occurred following intermediate-duration inhalation exposure. In mice, intermediate-duration
inhalation exposure also resulted in decreases in red blood cell counts and hemoglobin concentration,
progressing to macrocytic megaloblastic anemia (NTP 1993), decreases in spleen and thymus weight
(NTP 1993), and depressed splenic cellularity (Thurmond et al. 1986). Chronic-duration inhalation
exposure studies identified a number of targets of toxicity in mice including, bone marrow, lungs, heart,
forestomach, Harderian gland, testes, ovaries, and uterus (NTP 1984, 1993); neoplastic lesions were also
observed in a number of tissues. In rats, chronic exposure resulted in histological alterations in the lungs

and increased severity of nephropathy (Owen et al. 1987).
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Comparison of rat and mouse data identifies large differences in sensitivity to 1,3-butadiene, which are
due to metabolic differences between species. As discussed in Sections 3.4.2 and 3.5.3, quantitative
differences between humans, rats, and mice in the rate of formation of reactive metabolites, particularly
EB and DEB have been found. These differences result in higher tissue levels of reactive metabolites in
rodents than in humans (Bond et al. 1993; Csanady et al. 1992; Dahl et al. 1991; Filser et al. 2001, 2007,
2010; Henderson et al. 1996, 2001; Himmelstein et al. 1997; Kirman et al. 2010a; Krause and Elfarra
1997; Schmidt and Loeser 1985; Thornton-Manning et al. 1995b). Following inhalation exposure to
1,3-butadiene, blood EB levels were 2—-8 times higher in mice as compared to rats (Filser et al. 2007) and
the maximum butadiene-diol levels were 4 times higher in mice than rats (Filser et al. 2007). The DEB
levels were >100-fold higher in mice as compared to rats (Filser et al. 2007). At a similar exposure level
(1 ppm), mice produce approximately 1,000 times as much DEB as humans, as measured using pyr-Val

hemoglogin adduct as a biomarker and 50 times as much DEB as rats (Swenberg et al. 2011).

The Agency usually considers humans more sensitive than animals and makes an adjustment to the point
of departure to account for species differences when deriving an MRL from an animal study. If possible,
chemical-specific data, such as physiologically based pharmacokinetic (PBPK) modeling, is used to
account for toxicokinetic differences between species. Although PBPK models for 1,3-butadiene have
been developed in rodents (Johanson and Filser 1993; Kohn and Melnick 1993, 1996, 2000) and a
preliminary model has been developed in humans (Brochot et al. 2007), the models are limited in their
ability to predict internal doses for key metabolites (Kirman and Grant 2012). An alternative to using
PBPK models would be to use a biomarker of exposure to reactive metabolites. Several biomarkers of
exposure have been identified for reactive 1,3-butadiene metabolites including MHB-Val hemoglobin
adducts, THB-Val hemoglobin adducts, and pyr-Val hemoglobin adducts, which have been shown to be
good surrogate biomarkers for EB, EBD, and DEB, respectively (Georgieva et al. 2010; Slikker et al.
2004). However, there are limited mechanistic data that would allow identification of the 1,3-butadiene
metabolite(s) (or parent compound) that is responsible for the non-neoplastic effects, with the exception
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